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ABSTRACT: Mediterranean mussels Mytilus galloprovincialis were experi~nentally cultured from 5 
rafts located in 4 Galician Rias, following the established industrial procedure. Cultures were sampled 
monthly until mussels exceeded market slze. Observation of histological sections of sampled mussels 
by light microscopy demonstrated symbionts which could be classified into 3 groups according to their 
pathogenicity. The first group consisted of symbionts with unnoticeable pathogenic effects including: 
prokaryotic inclusion bodies (PlB) in digestive gland and gills, an unidentified protistan in digestive 
primary ducts, a kidney coccidian, intracytoplasmic ciliates in digestive tubules, gill ciliates and a 
turbellarian in the ~ntestinal lumen. The second group comprised syn~bionts that could damage the 
host, although unlikely to be lethal, including: the microsporidian Steinhausia mytilovum, the flatworm 
Urastoma cyprinae, and the copepod Mytilicola intestinahs. The third group included the protistan 
Marteilia refringens and the trematode Proctoeces rnaculatus, potentially lethal pathogens. In addition, 
mussels with haemocytic infiltration of tissues and granulocytomas and a few cases of disseminated 
neoplasia were detected. The qualitative composition of mussel symbiont community was similar at the 
5 study sites, except for 3 symbionts which were not detected at some sites Quantitatively, symbiont 
loads were higher and histological signs of stress more abundant in Moana and Vilagarcia (the most 
inner sites in the Rias), intermediate in Illa de Arousa and Muros, and lower in Lorbe. Symbionts 
increased in prevalence as mussels grew. Some of the symbionts were detected in mussel seed at the 
beginning of the experimental cultures. 
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INTRODUCTION 

The farming of mussels Mytilus galloprovincialis in 
the Rias of Galicia (NW Spain) constitutes a very im- 
portant industry (Perez-Camacho et al. 1991). Around 
3500 rafts are used with an annual production of 
approximately 200000 t of mussels (FAO 1992). This 
mass culture of mussels markedly impacts the eco- 
system of the Rias (Tenore et  al. 1982). Since the intro- 
duction of mussel raft culture in Galician Rias, in the 
late 1940s, mortality rates have not been significant, 
despite the high density of mussels that could facilitate 
the spread of epizootic diseases. Nevertheless, dimin- 
ished harvests and reduced mussel condition were 
claimed by farmers in the late 1980s. Prior to this, no 

comprehensive study on the pathological conditions 
affecting mussels in Galicia had been completed, 
although studies documented the occurrence of the 
copepod Mytilicola intestinalis (Andreu 1963, 1965, 
Figueras & Figueras 1981, Paul 1983), larval stages of 
the trematode Proctoeces maculatus (Canzonier 1972, 
Gutierrez 1978, Ferrer 1981), the protistan Marteilia 
refringens (Gutierrez 1977) and a haemocytic sarcoma 
(Gutierrez & Sarasquete 1986). 

During the late 1980s, increasing interest in mussel 
pathology produced several surveys: Gonzalez et al. 
(1987) in the Ria de  Arousa and Ria de  Ares-Betanzos, 
Figueras et al. (1991a) in the Ria de  Arousa, and Rob- 
led0 et al. (1994~)  in the Ria de  Vigo. Those surveys 
were mostly focused on adult mussels. However' cul- 
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ture practices in the region involve collection of mussel 
seed from either intertidal beds or collecting ropes 
and their transplantation onto culture ropes (Perez- 
Camacho et al. 1991). Therefore, the movement of 
mussel seed batches is widespread throughout the Rias 
of Galicia, and this could influence the distribution of 
mussel parasites. 

A programme began in 1988 in order to determine 
the symbionts and pathological conditions affecting 
mussels at  every culture stage throughout the different 
Rias where they are grown. Results of this programme 
concerning mussel mortality rates and infection with 
the protistan Marteilia refringens (the most serious 
pathogen detected thus far) were published earlier 
(Villalba et al. 1993b). Here, the symbionts and patho- 
ioyicdi conditions, their prevalence through the culture 
stages, and their distribution in the Galician Rias are 
presented. 

MATERIALS AND METHODS 

Experimental cultures were established from rafts 
in 5 zones of mussel farming (Fig. l),  as previously 
described (Villalba et  al. 1993b). Briefly, cultures were 
started between February and May 1988 at Illa de  
Arousa, Vilagarcia, Muros, and Lorbe by tying mussel 
seed (ca 2 cm long) on ropes hung from the rafts. 
After 6 mo, the culture ropes were thinned and mus- 
sels transferred onto new ropes. The culture at Moafia 

Fig. 1. Location of the experimental cultures in the Galician 
Rias. 1: Moana (Ria de Vigo); 2: Illa de  Arousa (Ria de Arousa); 
3: Vilagarcia (Ria de  Arousa); 4: Muros (Ria d e  Muros); 

5: Lorbe (Ria de Ares-Betanzos) 

began with the thinning-out process, in September 
1988. The cultures were terminated when market size 
(7 cm long) had been exceeded, in August and Sep- 
tember 1989. Mussel seed was obtained from inter- 
tidal beds on rocky shores at  different locations in 
Galicia: Illa de Toraia for the raft at Moana, Santa 
Mana de Oia for the rafts at Illa de Arousa and Vila- 
garcia, Muros for the raft at Muros, and 0 Pindo for 
the raft at Lorbe. 

Samples of 30 mussels were taken monthly from 
each experimental site. An approximately 5 mm thick 
section of tissue, containing gill, visceral mass, foot, 
and mantle lobes, was excised from every sampled 
specimen, fixed in Davidson's solution and embedded 
in paraffin. Sections of 6 pm thickness were stained 
with Harris' hematoxylin and eosin (H&E) (Howard 
& Smith 1983) and Gomori's trichrome (GTC) (Luna 
1968). Histological sectiofis were examined with light 
microscopy for the presence of symbionts, pathological 
conditions, and signs of stress, including haemocytic 
infiltration of tissues and occurrence of granulocy- 
tomas (Bayne et al. 1985). The percentage of mussels 
affected by each symbiont and pathological condition 
was determined for each monthly sample. A monthly 
prevalence mean was calculated for each symbiont 
and pathological condition by averaging the monthly 
prevalence records pooled from all sites, in order to 
determine temporal patterns during culture. 

Sites were compared by calculating the average 
prevalence of each symbiont and pathological condi- 
tion for the whole study period in each site. Then sites 
were ranked for each symbiont and pathological con- 
dition by scoring sites from 1 (highest average preva- 
lence) to 5 (lowest average prevalence); the mean rank 
was calculated for each site. Mean ranks were com- 
pared by the Kruskal-Wallis test followed by non- 
parametric multiple comparisons (simultaneous test 
procedure) (Sokal & Rohlf 1981). 

RESULTS 

Prokaryotic inclusion bodies (PIB), similar to Rick- 
ettsia-like colonies reported from different bivalve 
species, were found in cells of the digestive gland and 
gills. In digestive gland epithelia, they were mostly 
located in digestive tubules, less frequently in sec- 
ondary ducts, and rarely in primary ducts. They 
appeared in sections as oval shaped, intracytoplasmic 
inclusions, 7 to 20 pm in diameter, close to the distal 
border of the host cell wlth different degrees of 
basophilia and granulated texture (Fig. 2). Very few 
PIB per histological section were found in the infected 
mussels and a concurrent haemocytic reaction was not 
observed. PIB were detected throughout the study 
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period without temporal variation (see 
Fig. 18). The average prevalence was 
low at every site (Table 1). In the gills, 
PIB were elongated, 10 to 25 pm long, 
and located in endothelial cells sur- 
rounding the branchial vein of the fila- 
ments (Fig. 3). Very few of these PIB 
per section were found in infected 
mussels; there was no haemocytic 
reaction. PIB in gills were detected 
only in samples from the Illa de 
Arousa, Vilagarcia and Muros with 
very low prevalence (Table 1). Apart 
from hypertrophy of the infected host 
cells no other damage attributable to 
PIB in digestive gland and gills was 
detected. 

Cells of an unidentified protistan 
(probably a coccidian) were detected 
in the lumina of primary digestive 
ducts, attached to the host epithelium. 
They appeared as spherical basophilic 
cells, 13 to 22 pm in diameter with 
granular cytoplasm and some round 
clear areas (Fig. 4 ) .  Very few cells of 
this protistan were found per section 
and no haemocytic response was ob- 
served. This unidentified protistan was 
detected at every study site with very 
low prevalence (Table 1). The preva- 
lence was somewhat higher in 1989 
(see Fig. 18). 

Two different stages of a Pseudo- 
klossia-like coccidian occurred in the 
kidney. Subspherical gamonts 8 pm 
long, each with a large nucleus and 
distinct nucleolus, were observed in- 
side kidney cells. Most infected host 
cells protruded into the nephridial 
lumen, and they were attached to the 
renal epithelium by a delicate stalk 
(Fig. 5). In addition, a mature spherical 
oocyst (27 pm in diameter) enclosing 
numerous sporocysts (ca 3.5 pm in 
diameter) was found attached to the 
renal epithelium (Fig. 6). No lesion 
other than the infected host cell hyper- 
trophy was detected; there was no 
inflammatory reaction. Intensity was 
very low and only 2 infected mussels 
(Vilagarcia and Lorbe) were detected 
during the study (Table 1; see Fig. 18). 

The different stages characterizing 
the life cycle of the paramyxean Mar- 
teilia refringens were found in the 

Table 1. Occurrence of symbionts and diseases of farmed .Mytilus galloprovin- 
cialis. a:  Average prevalence of each symbiont or patholog~cal condition for the 
whole study period at  each site; b: highest monthly record of prevalence of each 
symb~ont  and pathological condition at  each site; c:  number of monthly samples 
in which each symbiont and pathological condition was detected at  each site. 
The mean rank, calculated after ranking sites for each symbiont and pathologi- 
cal condition, is shown at the bottom. Note that the lower the mean rank the 
higher the symbiont load. n: number of monthly samples examined from each site 

Moaria Illa de  A. Vilagarcia Muros Lorbe 
n = 1 2  n = 1 7  n = 1 8  n = 1 7  n = 1 7  

Digestive gland PIB a 4 4 3.1 4.1 2.0 1.4 
b 13.3 20.0 16.7 10.0 6.7 
C 6 9 14 8 6 

Gill PIB a 0 0.4 0.2 0.6 0 
b 0 6.7 3.3 3.3 0 
C 0 1 1 3 0 

Dig. gl. unident protistan a 1 1 1.2 0.2 0.8 1.8 
b 6.7 10.0 3.3 6.7 10.0 
C 3 3 1 3 6 

Kidney coccidian a 0 0 0.2 0 0.2 
b 0 0 3.3 0 3.3 
C 0 0 1 0 1 

Marteilia refnngens a 16.9 10.8 30.0 0 2.6 
b 36.7 23.3 63.3 0 20.0 
c 12 15 16 0 6 

Steinhausia mytilovum a a 8.2 1.3 1.5 2.3 2.1 
b 28.3 14.6 13.1 10.7 13.1 
C 4 2 3 6 4 

Digestive gland ciliates a 31.9 13.9 14.7 11.8 26.9 
b 90.0 43.3 76.7 33.3 90.0 
c 10 13 15 15 14 

Gill ciliates a 23.6 29.0 37.4 39.6 27.8 
b 66.7 93.3 93.3 90.0 83.3 
c 10 15 16 13 15 

Intestine turbellarian a 1.1 0.2 1.7 2.1 1.2 
b 3.3 3.3 10.0 10.0 10.0 
C 4 1 6 6 4 

Urastoma cyprinae a 0.3 2.9 1.1 0.2 0.2 
b 3.3 13.3 10.0 3.3 3.3 
C 1 5 3 1 1 

Proctoeces maculatus a 0.6 0.6 1.8 0.2 0.2 
b 3.3 3.3 10.0 3.3 3.3 
C 2 3 6 1 1 

Mythcola intestinalis a 54.4 33.6 34.2 4.8 20.3 
b 73.3 63.3 66.7 83.3 46.7 
c 12 14 17 17 16 

Disseminated neoplasia a 0.6 0.2 0.2 0 0.2 
b 3.3 3.3 3.3 0 3.3 
C 2 1 1 0 1 

Haemocytic infiltration a 51.1 36.4 42.6 30.3 17.8 
b 96.7 86.7 96.7 80.0 56.7 
c 12 15 17 16 14 

Granulocytomas a 13.9 10.5 21.2 12.8 7.3 
b 20.0 26.7 53.3 53.3 20.0 
c 12 14 17 13 13 

Mean rank 2.4 3.2 2.3 3.5 3.6 

aOnly females were considered for estimation of prevalence 
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samples. Early stages consisted of spherical to elon- 
gated, n~ultinucleate cells, up to 12 pm long (Fig. 7) .  
These vegetative stages were initially seen in the api- 
cal border of the stomach epithelium. The infection 
spread through the epithelia of digestive diverticula, 
where sporulation occurred. The sporulation process 
produced 'pseudoplasmodia' up to 25 pm long, enclos- 
ing 8 sporonts. Each sporont (ca 12 pm in diameter) 
enclosed 4 spores. As spores developed, 3 to 7 highly 
refringent bodies within the sporonts became promi- 
nent (Fig. 8).  Infection was associated with haemocytic 
infiltration of connective tissue and epithelia of the 
digestive gland. Extensive destruction of the digestive 
gland was observed in heavy infections. This parasite 
was found at  all sites except Muros (Table 1). The ear- 
liest detection occurred after 4 mo of culture. Preva- 
lence was somewhat higher in the second year of cul- 
ture than in the first (see Fig. 18). 

Cysts of the microsporidian Steinhausia mytilovum 
were detected in the cytoplasm of ovocytes of some 
female mussels. Cysts were spherical, 10 to 15 pm in 
diameter, and contained numerous spores (1.5 to 
2.5 pm in diameter) with different degrees of maturity 
(Fig. 9). Up to 3 cysts per ovocyte were observed. Few 
infected ovocytes per section were found. A heavy 
haemocytic infiltration was very often observed inside 
affected gonadal follicles and in the connective tissue 
surrounding those follicles. This parasite was found at 
every site (Table 1). Prevalence (female mussels only) 
was higher in the second year of culture than in the 
first (see Fig. 18). 

Two types of ciliates were found in the sampled 
mussels. Pear-shaped ciliates 7 to 15 pm long were 
observed inside vacuoles of digestive tubule epithelia 
(Fig. 10). The nuclear apparatus was often fragmented 
into several micronuclei which were sometimes con- 
densed into one macronucleus. More than one parasite 
was seldom seen in the same host cell. Infection inten- 
sity was mostly low. There was no haemocytic reaction 
and no lesions other than enlargement of ciliate- 
bearing cells were observed. This intracellular ciliate 
was found at every site (Table 1). Its prevalence was 

higher in the second year of culture than in the first 
(see Fig. 18). Extracellular ciliates were observed 
either on the gill surface or in gill water tubes (Fig. 11). 
These ciliates did not elicit an inflammatory response 
and did not cause any obvious damage, although high 
numbers were seen in some sections. They were 
detected at every site (Table 1) and prevalence in- 
creased with time except for a decrease in winter (see 
Fig. 18). 

Individuals of a Paravortex-like turbellarian were 
found only in intestinal lumina of some mussels. Most 
of these flatworms bore several embryonic capsules 
containing 2 embryos each, although non-gravid indi- 
viduals were also seen (Fig. 12). Only one flatworm per 
section was found. Neither host injury nor host haemo- 
cytic reaction was observed. The earliest detection of 
this turbellarian occurred after 6 mo of culture at Vila- 
garcia. Its prevalence was low everywhere (Table 1) 
with no obvious temporal pattern (see Fig. 18). 

Individuals of another turbellarian, Urastoma cypri- 
nae, were detected wandering on gill filaments and in 
gill water tubes (Fig. 13). Macroscopically they were 
easily seen as tiny whitish spots on gill surface. A com- 
mon effect was disorganization of gill architecture due 
to the movement of these flatworms through gill ostia 
and water tubes. Occasionally, a heavy haemocytic 
infiltration of gill tissues was observed near the worms; 
haemocytes passed through gill epithelia to surround 
the worms and some of the latter were seen partially 
destroyed. U. cyprinae was found in every site (Table 1). 
The few cases detected were mostly concentrated in 
the second year of culture (see Fig. 18). 

Larval stages (sporocysts and cercariae) of the dige- 
nean trematode Proctoeces maculatus were found 
mostly in mantle, but also in digestive gland, foot, kid- 
ney and gills of some mussels (Fig. 14). Intensity varied 
from light, in which few sporocysts were observed, to 
heavy, in which normal tissues of the gonad and diges- 
tive gland were mostly replaced by densely packed 
sporocysts and cercariae. Heavy infections caused host 
castration and loss of storage tissue. A heavy inflam- 
matory response was often elicited by this parasite 

Figs. 2 to 9. Symbionts of Mytilus galloprovjnc~alis. Fig. Prokaryotic inclusion bodies (PIB) (arrows) in the epithelium ( ik)  of 
digestive tubules. L: lumen of digestive tubules. GTC staining, x580. PIB (arrow) in a branchial filament. GTC staining, 
x500. Fig. 4. Unidentified protistan (arrow) attached to the epithelium ( * )  of a digestive primary duct. L: lumen of digestive duct. 
GTC staining, x825. Fig. 5. Gamonts of a Pseudoklossia-like coccidian (arrows) in hypertrophied cells of kidney. Arrowhead 
indicates nucleus of hypertrophied kidney cell. L: nephridial lumen. GTC staining, x825. Fig. 6. Mature oocyst of a Pseudo- 
klossia-like coccidian (arrow) enclosing numerous sporocysts in the kidney. L: nephridial lumen. H&E staining, x825. Fig.. Early 
stages of Marteilia refringens (arrows) in the apical border of the stomach epithelium (*). L: lumen of the stomach. H&E staining, 
x700. Different stages of the sporulation process of M. refringens (arrows) in the epithelium of digestive tubules. H&E 
staining, x325. Fig. 9. Cysts of Steinhausia mytilovum (arrows) with mature spores in the cytoplasm of an ovocyte (*). The 

parasitized ovocyte is surrounded by host haemocytes. GTC staining, x825 
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Figs. 10 to 17. Symbionts and pathological conditions of Mytilus galloprovincialis. Fig. 10. Pear-shaped ciliates (arrows) in the 
epithelia1 cells of digestive tubules. L ,  lumen of digestive tubules. H&E staining, x825. F i g 2  A cil~ate (arrow) in the space 
between 2 consecutive branch~al filaments. GTC staining, x500. Fig. 12. A Paravortex-like turbellarian (P) in the intestinal lumen 
(L). H&E staining, x80. Fig. 13. Urastoma cyprinae (U) in the gills. Gill filaments are distorted and slightly infiltrated by haemo- 
cytes in the vicin~ty of the flatworm. GTC staining, x165. Fig. 14.  Sporocysts of Proctoeces maculatus (P)  contaming germ balls 
and cercariae in the mantle. Some gonad follicles (# )  in the vicin~ty of sporocysts are heavily infiltrated by haemocytes due to host 
inflammatory reaction. H&E staining, x30. Fig. 15: Three copepods Mytilicola intestinalis (M) in the intestinal lumen (L). H&E 
staining, x80. Fig,JA Disseminated neoplasia. Cross section through the digestive gland of the mussel showing infiltration of 
connechve tissue by neoplastic cells (arrows). Arrowheads indlcate mitotic figures. H&E staining, x325. Fig. 17. Cross section 

through the digestive gland showing large granulocytomas (G). H&E staining, x30 

including granulocytomas in which trematodes were 
encapsulated and frequently destroyed. Heavy in- 
fections were macroscopically evident; the mantle 
showed large masses of deep orange spots, concur- 
rently with poor mussel condition. Prevalence of this 
parasite was very low at every site (Table 1); most were 
found in the second year of culture (see Fig. 18). 

Individuals of the copepod Mytilicola intestinalis 
were seen in digestive lumina of many mussels. Adults 
were only located in the intestinal lumen of the host 
(Fig. 15), earlier stages of development were nlostly 
found in the stomach and, rarely, on the gills. Up to 6 
copepods were seen in a single section of the intestine. 
Occasionally, occurrence of the copepod was deduced 
from observation of egg-sacs in sections of the intes- 
tine. Copepod appendages caused erosion and meta- 
plasia of intestinal epithelium. Haemocytic infiltration 
was often seen in intestinal epithelia and surrounding 
connective tissue near copepods. Infestation by this 
copepod was detected early at every site (Table l), 
including the first sampling at WIuros and Lorb6. Sub- 
sequently, its prevalence increased and reached higher 
values in the second year of culture (see Fig. 18). 

Five mussels with a cellular prol~ferative disorder 
were found during the study. In 3, connective tissue of 
the organs was heavily infiltrated by hypertrophied 
cells, which were also observed in blood vessels. These 
transformed cells had a scant rim of cytoplasm and 
rounded-to-pleomorphic nuclei up to 15 pm in length 
with finely dispersed chromatin and 1 or 2 prominent 
nucleoli. Mitotic figures were common in these cells 
(Fig. 16). Heavy infiltration by transformed cells caused 
hyperplasia of the plicate organ, dilation of gill fila- 
ments, atrophy of digestive diverticula, and destruc- 
tion of gonadal follicles. In the other 2 affected mus- 
sels, transformed cells were observed only in blood 
vessels and sinuses around the stomach; no damage 
was observed. This lesion was diagnosed as dissemi- 
nated neoplasia, occurring at all sites except Muros 
(Table 1). One histological section showing this condi- 
tion was deposited in the Registry of Tumours in Lower 
Animals (Smithsonian Institution, Washington, DC) as 
accession number RTLA 5167. 

Two histological signs of inflammatory reaction 
were observed through this study: haemocytic infil- 
tration of tissues and occurrence of granulocytomas. 
Haemocytic infiltration mostly affected connective 
tissue but also epithelia of different organs. This 
reaction was frequently associated with the occur- 
rence of parasites. Haemocytic infiltration was ob- 
served in mussels from every site (Table 1).  So-called 
granulocytomas, focal concentrations of haemocytes 
(mostly granulocytes) inducing atrophy and autolysis 
of underlying tissue, were also detected (Figs. 17 & 
18). Granulocytomas were located mainly in the 
digestive gland, but also in the mantle, foot, and kid- 
ney. Extensive destruction of digestive diverticula 
was occasionally caused by these haemocytic con- 
centrations. Sometimes parasites remnants showing 
different degrees of destruction (Marteilia refringens 
and Proctoeces maculatus among them) were seen 
within granulocytomas. This lesion was found every- 
where (Table 1). 

Fig. 19 shows the distribution of the sampled 
mussels of each site according to the number of differ- 
ent symbiont species and pathologic conditions 
detected in their tissues. The percentage of mussels 
with 3 or more different symbiont species and patho- 
logic conditions was 35% in Moafia, 31 % in Vila- 
garcia, 21 % in Illa de Arousa, 15% in Muros, and 
9% in Lorbe. Consistently, the highest average 
prevalence values of histological signs of stress 
(haemocytic infiltration and granulocytornas) corre- 
sponded to Moafia and Vilagarcia, intermediate 
values to Illa de  Arousa and Muros, and the lowest 
value to Lorb6 (Table 1). After ranking the sites in 
accordance with the average prevalence of each 
parasite and pathological condition, the lowest mean 
rank scores (due to higher average prevalence values) 
corresponded to Moaiia and Vilagarcia, intermediate 
values to Illa de Arousa and Muros, and the highest 
value to Lorbe (Table 1). Mean rank differences were 
significant according to a Kruskal-Wallis test (H = 

10.95; df = 4 ;  p = 0.027). However, posterior multiple 
comparison did not show significant differences 
among sites. 
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Pig. 18. Myh/us gdoprovincialis. Monthly mean values of prevalence of each syrnbiont and patholog~cal condition pooled for all sites 
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" MOANA ILLA VILAG. MUROS LORBE 

Fig. 19. Mytilus galloprov~ncialis. Distribution of the mussels 
sampled from each site during the whole study period in 
classes according to the number of different syinbiont species 
and pathological conditions detected in each mussel. Classes 

are identified by different bar patterns 

DISCUSSION 

This study revealed the occurrence of various sym- 
bionts inhabiting mussels throughout the culture pro- 
cess in the Rias of Galicia. The symbionts were catego- 
rized into 3 groups according to their pathogenicity. 

The first group consisted of symbionts with an un- 
noticeable (or very mild at most) pathogenic effect. 
They did not elicit any evident inflammatory response. 
This group includes PIB of digestive gland and gills, 
the unidentified protistan of digestive primary ducts, 
the kidney coccidian, the intracytoplasmic ciliates of 
digestive tubules, the gill ciliates, and the turbellarian 
of the intestinal lumen. 

The PIB detected in digestive gland and gills 
strongly resembled ~ckettsia/Chlamydia/Mycoplasma- 
like colonies reported from different bivalve species 
(Harshbarger et al. 1977, Le Gall et al. 1988, Fries & 
Grant 1991). Nevertheless, without an ultrastructural 
study, their taxonomic position could not be estab- 
lished. The chlamydial character of similar spherical 
inclusion bodies found in the digestive gland of mus- 
sels from the Basque coast (N Spain) was disclosed by 
studying their fine structure (Cajaraville & Angulo 
1991). Robledo et al. (1994~)  described similar inclu- 
sions of digestive tubules of cultured mussels from 
Ria de Vigo as Chlamydia-like organisms, based on the 
negative reaction with the Macchiavello method for 
Rickettsia. These authors also reported the occurrence 
of small inclusion bodies in the gills similar to the gill 
PIB described in our study. Rickettsia and chlamydia 
have been also found in other species of Mytilus from 

different regions, within cells of digestive diverticula, 
gills and kidney (Gulka & Chang 1984, Figueras et al. 
1991b, Bower 1992). There were no lesions in infected 
mussels. In contrast, rickettsia1 and chlamydial infec- 
tions have been associated with mortalities in other 
bivalve species (Gulka et al. 1983, Elston 1986, Le Gall 
et al. 1988, Leibovitz 1989, Norton et al. 1993, Renault 
& Cochennec 1995). 

The unidentified protistan attached to primary 
digestive duct epithelium has not been described pre- 
viously. Distinctive characters were not observed, but 
its morphology, location and position inside the host 
suggest an Apicomplexan parasite. A similar parasite 
was occasionally observed by one of us (A.V.) in oys- 
ters Crassostrea virginica collected in Chesapeake Bay 
(unpubl, data). 

The gamonts and the oocyst of the coccidian ob- 
served in the kidney were similar to those of Pseudo- 
klossia sp. and the Pseudoklossia-like coccidian re- 
ported from mussels of the East Coast of the USA and 
British Columbia, Canada (Farley 1988, Bower 1992). 
Figueras et al. (1991a) and Robledo et al. (1994~)  also 
found oocysts of a Pseudoklossia-like coccidian in the 
kidney of cultured mussels from the Rias de Arousa 
and Vigo. Heavy infections by these coccidians may 
cause kidney damage but associated mortalities 
appear restricted to artificial growing conditions 
(Bower et al. 1994). 

Intracytoplasmic ciliates of digestive tubules similar 
to those found in this study were also seen in cultured 
mussels from the Ria de  Arousa by Figueras et  al. 
(1991a), the Ria de  Vigo (Robledo et al. 1994c) and 
mussels from other distant regions (Figueras et al. 
1991b, Pekkarinen 1991, Bower 1992). These intracy- 
toplasmic parasites were considered as Rhynchodid- 
like Phyllopharyngea ciliates by Bower et al. (1994). 
No lesions were reported. 

Ciliates observed in the gills of the mussels through- 
out the study corresponded to different species, al- 
though most of them resembled Ancistrum mytili. 
They can be considered as commensals rather than 
parasites (Hatzidimitriou & Berger 1977, Bower et al. 
1994). A.  mytili is ubiquitous in mussels (Mytilus spp.) 
throughout their geographical range (Bower et al. 
1994). In Galicia, gill ciliates, sometimes identified as  
A,  mytili, were reported from mussels cultured in the 
Rias Ares-Betanzos, Arousa and Vigo (Gonzalez et al. 
1987, Figueras et al. 1991a, Robledo et al. 1 9 9 4 ~ ) .  

Although the average prevalence of the intestine 
turbellarian recorded through the study was low, its 
occurrence in mussels of Galicia cannot be considered 
accidental, since it was detected at every study site. 
This contrasts with the absence of other reports of 
turbellarians in the digestive lumen of any species of 
Mytilus, despite the wide geographical range of this 
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genus. Turbellarians of the genus Paravortex are com- 
mon inhabitants of the digestive tract of different 
bivalve species (Jennings 1971). The only species 
reported from mussels is Paravortex gemellipara, 
which was found in Geukensia demissa, Ischadium 
recurvum and Mytilopsis leucopheata (Wardle 1980). 
The study of Jennings & Phillips (1978) on feeding and 
digestion of Paravortex spp. indicates a biochemical 
dependence of the flatworms on the host. Neverthe- 
less, no pathogenic effect on the host has been de- 
scribed. 

The second group consisted of symbionts that can 
cause perceptible damage to the host, although they 
are unlikely to be lethal. These symbionts frequently 
evoked inflammatory response. This group includes 
Steinhausia mytilovum, Urastoma cyprinae, and Mytil- 
icola intestinalis. 

Steinhausia mytilovum has a wide geographical 
range, including mussel ovocytes from the Atlantic and 
Pacific coasts of the USA and the Italian coast (Lauck- 
ner 1983, Hillman 1991). In Galicia, this parasite was 
reported from mussels cultured in the Rias de  Arousa, 
Ares-Betanzos and Vigo (Gonzalez et al. 1987, Figu- 
eras et al. 1991a, Robledo et al. 1994~) .  Parasitized 
ovocytes are likely infertile. Additionally, the heavy 
haemocytic reaction in the mantle gives rise to a reduc- 
tion of the host storage tissue. 

The occurrence of either Urastoma cyprinae or its 
macroscopic sign (whitish spots on the gills) in Galician 
mussels was not reported prior to 1988. Likely, this 
turbellarian was recently introduced into Galician 
waters. Today, its prevalence is close to l00 % in adult 
mussels from every culture site in Galicia (unpubl. 
data). Robledo et al. (1994b) reported its occurrence in 
wild and cultured mussels from the Rias de  Vigo, Pon- 
tevedra, and Arousa, studied morphological and histo- 
pathological aspects and concluded that this flatworm 
should be considered as a mussel parasite, since some- 
times it causes gill lesions. Rodriguez et al. (1994) 
detected loss of condition in mussels bearing more 
than 10 worms, which was tentatively explained by 
branchial malfunction caused by the flatworms. How- 
ever, U. cyprinae has been mostly reported as com- 
mensal with bivalves or free-living (Jennings 1971, 
Bower et al. 1994, Robledo et al. 1994b). 

According to Bower et al. (1994), Mytilicola intesti- 
nalis is confined to Europe, from Denmark to Italy 
including the British Isles, but is not found in the Baltic 
Sea. Since this copepod has been reputed to be a mus- 
sel pest and is one of the most prevalent symbionts of 
Galician mussels, its biology and distribution in the rias 
were studied by different authors (Andreu 1963, 1965, 
Figueras & Figueras 1981, Paul 1983, Robledo et al. 
1994c, Fuentes et  al. 1995). The effects of this copepod 
on the host is controversial. It does not seem justified to 

blame the copepod for large-scale mortalities among 
mussels (Davey & Gee 1988, Davey 1989), but it may 
cause loss of condition to the host (Theisen 1987). Lim- 
ited histopathological changes in the mussel gut asso- 
ciated with the copepod were detected in our study. 

The third group consisted of 2 parasites, Marteilia 
refringens and Proctoeces maculatus, able to cause 
severe, even fatal, damage to the host. Additionally, 
disseminated neoplasia could be included in this group 
due to its detrimental effect, although the aetiology of 
this lesion does not seem to be parasitic. 

The results of this study regarding morphology, pat- 
tern of progression of the infection, temporal variabil- 
ity and distribution of the mussel parasite Marteilia 
refringens in Galicia were described elsewhere (Vill- 
alba et al. 1993b). Parasites infecting Mytilus gallo- 
provincialis from the Mediteranean coast and Mytilus 
edulis from Brittany (France) similai to that o'l the 
Galician mussels were reported as Marteilia maurini 
(Comps et al. 1982, Auffret & Poder 1985). Marteilia sp. 
was also reported from mussels cultivated in Apulia 
(S. Italy) (Tiscar et al. 1993). Monoclonal antibodies 
raised against Marteilia sp. purified from Brittany mus- 
sels M. edulis cross-reacted with M. refringens from 
Galician mussels M. galloprovincialis (Robledo et al. 
1994a), but did not with Marteilia sydneyi from the 
oyster Saccostrea commercialis (Anderson et al. 1994). 
Heavy infections by M. refringens may cause a signifi- 
cant reduction of absorption efficiency, inhibition of 
gonad and storage tissue development, and loss of 
condition of the host (Villalba et al. 1993a, Villalba 
1995). Association between mussel mortality and 
infection by this parasite was suggested (Villalba et al. 
1993b, Fuentes et al. 1995). Its prevalence is influenced 
by environmental factors (culture site and depth) but 
not by the geographic origin of the mussel seed 
(Fuentes et al. 1995, Robledo & Figueras 1995). Culture 
rafts are mostly located in the outer zones of the rias, 
where the prevalence of M. refringens is much lower, 
and that can contribute to minimizing the impact of 
this parasite on the mussel culture industry of Galicia. 

Proctoeces maculatus has been reported under vari- 
ous synonyms as a mussel parasite from a wide geo- 
graphic range, in both tropical and temperate marine 
waters (Lauckner 1983, Bower et al. 1994). In Galicia, 
larval stages of this trematode were found in cultured 
mussels from the Rias de Vigo, Arousa and Ares- 
Betanzos (Canzonier 1972, Ferrer 1981, Gonzalez et al. 
1987, Figueras et al. 1991a, Robledo et al. 1 9 9 4 ~ ) .  The 
cases of heavy infection observed in our study were 
associated with extensive disruption of the invaded 
tissues and organs. Interference with the circulatory 
system, depletion of reserves, disturbance of gameto- 
genesis leading up to complete castration, and death 
are among the effects that this parasite may have on 
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the mussel (Lauckner 1983). However, the low preva- 
lence values recorded in our study and in those cited 
above on the Galician rias suggest P. maculatus is not 
a threat to the mussel culture industry of Galicia. 

Since the description of a 'sarcomatoid proliferative 
disease' in Oregon (USA) mussels (Farley 1969), cases 
of disseminated neoplasia have been reported from 
Mytilus spp. of Great Britain, the Baltic Sea (Denmark 
and Finland), the Atlantic and Pacific coasts of the 
USA, and British Columbia (Peters 1988, Elston et al. 
1992). Within the genus Mytilus, disseminated neopla- 
sia reaches epizootic levels (and causes significant 
mortality) only in M, trossulus populations but is 
seldom observed in M. edulis and M,  galloprovincial~s 
(Elston et  al. 1992). In Galicia, Gutierrez & Sarasquete 
(1986) and Figueras et  al. (1991a) found one single 
mussel with this neoplastic condition in each of their 
respective surveys. This condition frequently pro- 
gresses to a fatal outcome, but some individuals can 
recover (Elston et al. 1992). Nevertheless, dissemi- 
nated neoplasia should not be considered as a threat to 
the mussel culture industry of Galicia since its preva- 
lence is very low in the region. 

Average prevalence higher than 10 % was recorded 
at every study site only for Mytilicola intestinalis, gill 
ciliates, and digestive gland ciliates, which could be 
considered the component species of the symbiont 
community associated with farmed mussels in Galicia. 
Average prevalence of Marteilia refringens was also 
higher than 10% in 3 study sites. The remaining sym- 
bionts could be considered as rare. 

Qualitative composition of the mussel symbiont com- 
munity was similar at the 5 study sites. However, the 
gill PIB, the kidney coccidian and Marteilja refringens 
were not detected at  some of the study sites. This was 
also the case for the disseminated sarcoma. Quantita- 
tively, symbiont loads were higher and histological 
signs of stress more abundant in Moana and Vilagarcia 
(the most inner sites in the Rias), lower in Lorbe, and 
intermediate in Illa d e  Arousa and Muros. The inner 
zones of the Galician Rias have lower rates of water 
renewal and higher levels of pollution than the outer 
zones. Therefore, encounters between mussels and in- 
fective stages of parasites are  more probable and stress 
levels higher in the inner zones. This could help to 
explain quantitative differences among the study sites. 

Prevalence of most of the symbionts increased as 
mussels grew, probably because of the increased filtra- 
tion rate associated with mussel growth. The unidenti- 
fied protistan of the digestive gland, gill and digestive 
gland ciliates, and Mytilicola intestinalis were de- 
tected in mussel seed at the beginning of the experi- 
mental cultures. Therefore, transplantation of mussel 
seed for culture could contribute to the spread of some 
symbionts throughout the Rias. 
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