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Introduction 

The Mediterranean mussel (Mytilus galloprovincialis) is one of the 
shellfishes, distributing over littoral zone of Morocco from the Atlan-
tic Ocean to Mediterranean Sea [1-3]. In Alboran, the intersecting 
area of Mediterranean Sea to the Atlantic Ocean from the strait 
Gibralter to Sebta marg, M. galloprovincialis essentially resides 
along rocky coast line [4,5]. Aggregations of the mussels were con-
firmed in the fossil record since more than 30 million years ago 
based on Lecointre [6]. History of human consumption can be found 
since 6000 B.C., and the mytiliculture for mussels is active in recent 
years [7,8]. The high primary production has made Alboran an im-

portant habitat of shellfish. 

Recently, the demographic growth along the littoral zones pres-
sured on natural population of the mussels including M. galloprovin-
cialis. To enhance the sustainability of the mussel production, artifi-
cial breeding has been made, but it the efforts have not been suc-
cessful overall. From 2005 to 2010, the production of M. gallopro-
vincialis was variable between 0 to 34 tons per year in spite of the 
multiple breeding efforts. Fundamental understanding upon the 
local population of this mussel is still under investigation, and scien-

tific explanations on the mortality and variability of the recruitment 

success is necessary.  

The infection of parasites is the one of the dominant causes of the 
mass mortality of the natural and cultured stock of the shellfish [9-
12]. For dense aggregation of mussels with byssal threads, includ-
ing M. galloprovincials, outbreak of parasites may be mortal risk for 
whole community. Villalba, et al [13] reported the presence of Mar-
teilia refringens, major pathogen of oyster (Ostrea edulis), has been 
associated with mortalities of M. galloprovincialis in Spain. 
Presences of microsporidia, the turbellarian Urastoma cyprinae, the 
copepode Mytilicola intestinalis and Steinhausia mytilovum were 
also observed in their investigations. The pathogenic resistance of 
mussels including M. galloprovincials has been discussed in rela-
tion to the environment, and the sensitivity of the mussels to the 
local thermal conditions with parasites was indicated [14]. As dis-
cussed, histo-pathological approach along the reproductive cycle in 
relation to the surrounding is probably practical to diagnose the 

pathological state of the local population of M. galloprovincials [15].  

Oceanographic condition of M. galloprovincialis in Alboran is locally 
dynamics. The coastal area is especially known as a transitional 
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zone of low-salinity inflow from the Atlantic Ocean and outflow of 
the Mediterranean Sea [4,16]. For the interpretation of local popula-
tion responses of M. galloprovincialis, variability of the marine envi-
ronmental conditions should be taken into account. Unfortunately, 
there are limited numbers of the ecological studies of shellfishes in 
Alboran especially in southern area. Though some efforts were 
made from physico-chemical and bacteriologic perspectives in the 
M'diq bay of Alboran [17], population-specific ecological investiga-
tions in environmental determinants of M. galloprovincialis in south-
ern Alboran have been expected. Pathological studies with ecologi-
cal interpretation would provide the key for the sustainable produc-
tion of the socio-economically important mussel. However, there 

was no such a study in this area in the past. 

This study aim to histopathologically evaluate the occurrence of 
endoparasitic species in M. galloprovincialis at M’diq, one of the 
major aquacultural area in Alboran, from March 2009 to March 
2011. Then we investigated the relationship between major para-
sites and the environmental variables along the change in reproduc-
tive conditions of M. galloprovincialis. Discussion was made based 
on the results from the statistical analyses in dependencies of prov-
enance upon both host’s biological conditions and environmental 
variables. As a potential impact, heamocytic infiltration of the para-

sites upon reproduction of M. galloprovincials was also investigated. 

Materials and Methods 

Study Site and Sampling 

The study site is located at the western Alboran, Mdiq, Morocco 
(35°41' N; 5°18' W) where the Atlantic inflow of the Strait of Gibral-
tar [18,19], Mediterranean water, and coastal inflow [Fig-1]. Adults 
Mediterranean mussels were sampled from aquacultural cages at a 
depth of 3 meters (>40 mm) around aquacultural facility (35°41', 
28N; 5°18', 07W), from 500 meters offshore of Cabo Negro to 1.6 

km of from M’diq port [Fig-1]. 

Fig. 1- Geographical study area of sampling site (M’diq), nearby 
Cape Negro (Koudiat Taifor); the sampling site was conductor in the 

depth range between 20 and 24 meters [24]. 

From March 2009 to March 2011, 30 specimens of M. galloprovin-
cialis (n=750) with 65.38±10.16 mm in shell length, were collected 
by scuba diving (n=30 mo-1). A water temperature and salinity eve-
ry month were measured, at the depth of sampling (3 m) using ther-

mosalinometer. 

Biological Examination and Preparation of Histological Speci-
men 

The M. galloprovincialis sampled were individually examined in the 
laboratory, immediately transported from the sites after samplings. 

The size (shell length) of the mussels was measured with calipers, 
and the total wet weight (TW), wet meat weight (WMW) and shell 
weight (SW) were recorded by analytic balance to the nearest 0.001 
g to calculate condition index (CI) according to the formula of Aguir-

re [20] and Rayyan & Chintiroglou [21]:  

 

 

For every individual collected, the organs including gill, mantle, 
gonad and gonoducts, digestive gland tubules, stomach/intestine, 
and connective tissue were fixed in Davidson’s fluid more than 24 
hours after anatomical examination. The specimens were then de-
hydrated in a graded ethanol series before embedded in paraffin. 
Two parallel oblique-longitudinal sections (2-μm thick) were made 
mantle from a single specimen, and the individual sections were 
stained with hematoxylin and eosin for the observation. These his-
tological sections were examined under optic microscope for game-

togenic activity, presence of parasites and pathological alterations. 

The reproductive status and mean gonadal index was assessed by 
microscopic observations of the slides. The gonadal index (GI) were 

calculated as the following formula of Seed [22]:  

 

 

where ni : number of individuals at each stage of reproductive cycle, 

Si : score of the stage and N : total number of individuals. 

Pathological Examinations and Analyses 

To evaluate monthly pathological state including infection from para-
sites or diseases, we use the prevalence, it was calculated as: 

 

 

where %Pv is monthly prevalence in percentage. ni indicates the 
number of infested host, M. galloprovincialis. nm is the number of 
mussels analysed in month m. The nm equals to 30 in the analyses 
for the infection from excepting S. mytilovum, infecting only female 
mussels in each monthly sample. As a major and aquaculturally 
important biological responses, heamocytic infiltrations [23] were 
taken into account of the analyses. Presence or absence of the 
heamocytic infiltrations was also observed during the biological 

observation.  

The obtained observations of parasites and indices were explanato-
ry analyzed. Time series of the prevalence of dominant parasites 
were investigated, and the dynamics of the pathological state was 
visually evaluated through surveyed year. The other statistical tests 
were conducted upon the pathological states of hosts and parasit-
ism along seasonal and reproductive cycles. Dependency of pres-
ence of parasites upon seasons and reproductive cycles were ex-
amined using Fisher’s Exact Test. To specify the season with de-
pendency found, pare-wise test was conducted. To evaluate ecolog-
ical (i.e. environmental and biological) association between pres-
ence or absence of parasites and on-site enviromental conditions, 
salinity and temperature, and biological conditions as CI and GI, 
generalized liner model was applied. Wald statistic were evaluated 
to determine significant environmental variables and biological con-
ditions associated to presence or absence of the dominant para-
sites at α = 0.05 level. We examined the dependency of heamocytic 
infiltrations upon the dominant causal parasite in the observation 
using Fisher’s Exact Test with multiple comparisons. R version 
2.15.2 (R Core Team) was applied for all explanatory analyses and 
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statistical tests in this study. 

Results 

Pathological Observation 

We found different types of parasites on histologically examined 
sections. The prevalence and severity of infections were highly 
variable throughout the sampling period. Dominant parasites were 
two: Ciliophora-like ciliates (43%) and S. mytilovum (32%). They 

were always majority in all months of the survey years.  

Ciliophora-like Ciliate 

Ciliophora-like ciliate were generally the most dominant parasite 
through timeseries excepting February, March, August and October 
in 2010. Its prevalence varied between months; it was ranged from 
6% to 90%. For the 750 examined mussels, 43% were infected with 
Ciliophora-like ciliates [Fig-2]. The percentage of the infected mus-
sels among males and females were 46.2% and 53.5%, respective-
ly. They were notably observed within the digestive epithelial cells of 
gut, stomach and digestive diverticula. Occasionally, they were 
found in the lumen of the digestive tubules. No haemocytic reaction 
was observed. These protozoans were round to pear shaped and 
measured 10-12 µm in length. The nucleus was often fragmented 
into more than five basophilic micronuclei which were sometimes 

condensed into one globular macronucleus [Fig-4](A).  

Fig. 2- Monthly variation of prevalence's the intracellular ciliate 
Ciliophora infected Mytilus galloprovincialis from M’diq between the 

periods of study. N=number of females/months. 

Steinhausia mytilovum 

The microsporidian parasite, Steinhausia mytilovum, was recorded 

throughout the sampling period excepting March 2011 [Fig-3].  

Fig. 3- Monthly variation of prevalence's Steinhausia infected Myti-
lus galloprovincialis from M’diq between the periods of study. 

N=number of females/months. 

The oocytes of 32% female M. galloprovincialis analyzed (n=387) 
were parasitized and the number of infected oocytes was lower 
than uninfected oocytes. It was primarily located in the cytoplasm of 
vitellogenic oocytes but in few cases, it was also observed inside 
the nucleus (1.5%). Most of the infected oocytes showed a single 
sporocyste. A multiple infection (2-4 parasites per oocyte) occasion-
ally occurred within a single oocyte. These sporocyts appeared 
spherically shaped, (7.5-12.5 µm, mean 10µm, SD±1.88, n=8) in 
diameter [Fig-4](B) and contained a widely varied number of spores 
(1-40). In some cases, a sporocyst was observed in necrotic oo-
cytes and the infection was accompanied by a haemocytic reactions 
of the affected gonadal follicles. 

Urastoma sp. 

Among the 750 mussels analyzed, 2.5% were parasitized by the 
turbellarian Urastoma cyprinae. It was observed among gill fila-
ments only in winter 2009 and summer 2009 and 2010 at preva-
lence ranging from 3% to 23%. Shape of this turbellarian varied 
between round and oval; had a mean length of 307.5µm (SD ± 
96.28, n= 8) and its number per histological section was 1-2 [Fig-4]
(C). Haemocytic infiltrations of gill filaments surrounding Urastoma 
were noted. 

Rikettsia-like Prokaryotes 

Basophilic inclusions of Rikettsiales-like prokaryotes (RLPs) were 
observed in the epithelial cells of digestive diverticula and in gills 
cells. Their presence was noted in April, August and November 
2009 as well as in June and November 2010 with low prevalence 
does not exceed the 7%. The length of the intracellular colonies 
was 12.5µm in digestive cells of diverticula and ranged from 135 to 
200 µm in gills cells. Commonly, only one colony was observed 
individual tissue. The infected cells were hypertrophied, however, 
no clear heamocytic infiltration was found for the pathogenic condi-
tions. 

Marteilia sp. 

Throughout the sampling period, two mussels were observed affect-
ed by the paramyxum Marteilia sp. in May 2010 and in March 2011. 
Different stages of the parasite spread over the digestive gland of 
infected hosts. Young plasmodia were mainly found in the stomach 
epithelium; while sporangia stages were detected in the epithelial 
cells of digestive diverticula and secondary ducts. Marteilia cells 
have a size ranging from 15 µm up to 27.5 µm [Fig-4](D). No hae-
mocytic infiltration response was associated to the observation of 
this pathogenic agent; though, epithelia of digestive diverticula ap-
peared to be malformed with intensive infections. 

Pseudoklossia sp. 

Macrogamonts of a Pseudoklossia-like coccidian were observed 
inside of cells and also in the lumen of kidney tubules in 1.5% of 
examined mussels. Infection of Pseudoklossia-like coccidian was 
observed during the summer 2009 and in February, April, May and 
November 2011. The prevalence was ranged from 3 to 7%. More 
than 9 parasites per individual tubule were observed. Although in-
fected kidney cells were hypertrophied, any association of haemo-
cytic response to Pseudoklossia spp. was observed in the speci-

mens [Fig-4](E). 

Extracellular Ciliate 

Three unidentified extracellular ciliate were recorded either on the 

gill surface or in gill water tubes of 2.5% of analyzed mussels. The 
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maximum values of prevalence and mean intensity were 14% (April 

2010) and 1.5 ciliates per histological section, respectively. Any 

specific host response was associated with these ciliates. 

Nematopsis sp. 

A small percentage (0.4%) were infected with the protozoan para-
site, Nematopsis sp. Their prevalence was 3% each in April and 
august 2009 and also in January 2010. The parasite was only de-
tected in the gill filaments and at very low intensity without patholog-

ical damages.  

Haemocytic Infiltrations 

Histological analysis revealed a haemocytic infiltrations in the con-
nective tissue and epithelia of the digestive gland [Fig-4](F). This 
condition were observed in 236 of the 750 individuals analyzed and 
could not be linked to any detectable pathogenic agent. The obser-

vation was highly variable through the survey years [Fig-5]. 

Fig. 4- Histological sections showing parasites and inflammation of 

Mytilus galloprovincialis (H& E staining) 

4A: infection of intracellular Ciliophora-like ciliate in the digestive 
gland; 4B: oocyte with two sporocystes multispored of Steinhausia; 
4C: Urastoma cyprinae attached to gill lamellae; 4D: Marteiliosis, 
sporocysts identified wthin the epithelium of digestive diverticula; 
4E: Pseudoklossia-like coccidian inside cells and also in the lumen 
of kidney tubules; 4F: haemocytic infiltrations in the connective 

tissue of digestive gland. 

Association of Parasites to Ecological Conditions and Impact 
as Haemocytic Infiltrations 

The presence and absence of Ciliophora-like ciliates was signifi-
cantly dependent upon the seasons (p< 0.01). Infection in spring 
was significantly higher than winter based on the pairwise test (p< 
0.01). On the other hand, S. mytilovum infection was independent 
from the season (p= 0.07). The presence or absence of Ciliophora-
like ciliates statistically associated to the variability of salinity (p< 

0.05), [Table-1]. On the other hand, presence or absence of S. myti-
lovum was not statistically associated to neither the salinity (p = 
0.47) nor temperature (p = 0.78). GI was indicated as the significant 

variable in the GLM model (p<0.05), [Table-1]. 

Fig. 5- Temporal of Change frequency of heamocytic infiltration in 
digestive gland (HID) at Mdiq samples between March on 2009 and 

March on 2011 

Table 1- Mytilus galloprovincialis. Logistic regression results sho-
wing the relationship between the different study ecological para-
meters and the presence of Steinhausia mytilovum and Ciliophora - 

like organisms, with respect to the total number of mussels, at Mdiq 

Dependency of haemocytic infiltration in digestive gland upon Cili-
ophora-like ciliates was not significant (p=1). On the other hand, 
significant dependency of haemocytic infiltration in Oocytes upon 

presence of S. mytilovum was observed (p<0.05), [Table-2]. 

Table 2- Mytilus galloprovincialis. Fisher Exact Test results showing 
the relationship between the massive haemocytic infiltration and the 
presence of majors parasites; relationship between the presence & 
absence of haemocytic infiltration in gonad and the Steinhausia 
mytilovum and relationship between the presence & absence of 
haemocytic infiltration in digestive glande and the Ciliophora-like 

organisms; with respect to the total number of mussels, at M’diq 
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100 µm C 50 µm D 
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Parameters Coefficient Std. Error Wald Pr (>|z|) 

Steinhausia mytilovum  

Intercept -9.48 7.29 -1.3 0.193 

Temperature 0.02 0.071 0.282 0.777 

Salinity 0.14 0.193 0.728 0.466 

Gonadic index 1.389 0.654 2.123 0.033 

Condition index 0.007 0.007 0.922 0.356 

Ciliophora - like organisms  

Intercept 15.634 5.025 3.111 0.001 

Temperature 0.063 0.05 1.257 0.208 

Salinity -0.509 0.135 -3.754 0 

Gonadic index 0.178 0.452 1.588 0.112 

Condition index -0.001 0.005 -0.218 0.827 

Parasite 
Haemocytic Infiltration 

Relationship 
Presence Absence Prevalence Total 

Steinhausia mytilovum 
Presence 77 48 62% 125 

Absence 31 232 12% 263 

Ciliophora-like 
Presence 112 312 26% 424 

Absence 86 239 26% 325 
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Discussion 

This paper is the first histopathological study specifically in southern 
Alboran area, Morocco. Histopathological approach with systematic 
samplings with consideration in biological and environmental infor-
mation in this study allowed us to investigate potential pathogens 
and their dynamics as the ecological responses to the both repro-
ductive cycle of M. galloprovincialis and seasonal environment in 
the area. The conducted pathological examinations of the M. gal-
loprovincialis and the findings, including identification of nuisance 
pathogens in the other waters, are the first reference in this area in 

spite of the importance of the area in the Moroccan aquaculture.  

The infections have not caused observable mortality in the site, but 
we suggest continuous histological study with continuous ecological 
monitoring efforts along the found reproductive cycles and local 

environmental dynamics through the year. 

Reproductive activity of M. galloprovincialis in the study area is 
continuous through entire seasons, and it does not have specific 
inactive phase of gonadal development as a local stock. Intensive 
spawning in this area occurs between spring and summer but the 
process of both emission and rapid redevelopment of gametes take 
place simultaneously through seasons. During studied period, the 
temperature and salinity of the site coastal waters were varied res-

pectively between 15°C and 21°C and between 35 and 37 [24]. 

Ciliophora-like ciliates and S. mytilovum were present throughout 
the reproductive cycle of the M. galloproviencialis during the sur-
veys. Ciliophora-like ciliates are intracellular parasites in the diges-
tive gland, especially inside of diverticula [7,25,26]. After the first 
publication of observation in the North Sea [25], many authors have 
confirmed its presence in the Atlantic Ocean [27], in the Mediterra-
nean Sea [28] and in Australian water [29]. Variability of the preva-
lence through seasons was suggested along the Atlantic coast of 
Spain [7]. However, association of the variability of the prevalence 
to the local conditions were not found in the Altantic coast of Spain. 
In our observation, the parasite was abundant in spring and decrea-
sed in winter, and the presence of Ciliophora-like ciliates associated 
to salinity variability. Change in water property, including salinity and 
oxygen, enhances the infection of Ciliophora-like ciliates in Northern 
Mediterranean Sea, by presumably influencing the host conditions 
[30]. The surrounding land including M’diq had high local precipita-
tion especially in winter 2009 to spring 2010, so the freshwater input 
of following season might be increased. Also, in the southern Al-
boran area, the surface water property seasonally changes depen-
ding upon the inflow and outflow of Gibraltar strait [31]. The inflow 
with Atlantic water (Salinity = 36.2) through the Gibraltar strait is 
generally strong in spring to summer and weak in fall to winter and 
influence over the surface of Mediterranean water (Salinity = 38.45) 
of southern Alboran [32,33]. Locally input freshwater and intensified 
inflow of the Atlantic water in the site may lower the salinity in the 
littoral water in the southern Alboran and enhance the infection of 

Ciliophora-like ciliates to M. galloprovincialis. 

In our study, S. mytilovum were observed in three appearances 
inside in the cytoplasm and in the nucleus of M. galloprovincialis: 
without spore, with single spore and multiple spores up to 40. Stein-
hausia spp. only infects female hosts in the oocytes in various ap-
pearances of the up to four cysts [11,14,15,27]. Anderson, et al [32] 
found cysts of Steinhausia spp. with more than 40 spores. Our fin-
dings regarding the characteristics of S. mytilovum infection is con-
sistent to the past works in the various waters. On the other hand, 
prevalence in our observation were more than 30% in comparison 

to less than 20% in these past studies upon variety of bivalves in-

cluding M. galloprovincialis. 

Cysts with no spores were probably remained follicles after disap-
pearance of the parasite. They were rarely observed always with 
the cysts with spores. The permanent presence of the infection of 
S. mytilovum associated to the continuous activity of the reproduc-
tion. The proliferation of infection was observed in the months of 
sexual maturity, from February to September. The minimum infec-
tion was observed in the spawning period probably because of the 
emission of the oocytes by the host. The found association between 
variability in infection of S. mytilovum and the gonad of the host is 
also explained from the above reproductive cycle. Significant rela-
tionship between prevalence and temperature or salinity was not 
found in our analyses. However, the biological response of mussels 
to the environmental variables including salinity and temperature 
has been studied, and variability in the reproductive processes in 
response to them has been suggested [33]. Salinity and tempera-
ture ambient water in the site would indirectly influence to the infec-
tions of S. mytilovum by determining the timing and intensity of 
reproduction. 

Bignell, et al [15] highlighted to the dependency of heamocytic infil-
tration upon parasitism of S. mytilovum to M. edulis and M. gal-
loprovincialis in the North Atlantic. In our analysis, the dependency 
of heamocytic infiltration in acini upon the presence of S. mytilovum 
in M. galloprovincialis in southern Alboran area was confirmed. As 
one of the consequences discussed, for example in [15], intensive 
development of heamocytic infiltration limits the healthy growth of 
the other organs. In our study, we found that the heamocytic infiltra-
tion with S. mytilovum occationally reached nearly 50% of female. 
Considering the potential risk upon the local aquaculture, conti-
nuous monitoring of the infection and impact of the S. mytilovum is 
preferred. On the other hand, dependency of hemocytic infiltration 
to the digestive glands to Ciliophora-like ciliates were not found in 
this study. However, the potential risks of the heamocytic infiltration 
by these ciliates need to be considered based on the past findings 
in the bivalves. For example, Spiers, et al [28] found the association 
between the observed infiltration in oysters producing region of 
Western Australia. Also, the cause of the heamocytic infiltration in 
the digestive grand should be investigated considering in the high 
ratio in this area through the survey years. 

The duration of the sampling allowed us to detect other parasites 
including Marteilia sp., U. cyprinae, Rikettsia infections and A. myti-
li. They were minority and not observed with detectable impact on 
the host, such as heamocytic infiltration. Yet, all are the potential 
pathogens upon socio-economically important bivalves in the other 
regions. For example, intensive infection of Marteilia sp. was found 
in two of 750 individual hosts with very low condition index in our 
study. Marteilia sp. causes emaciation and mortalities of Oysters 
[34] and of mussels [7,27,35,36]. Heavy infection of Urastoma cypri-
nae (Platyhelminthes) would result in the disruption of gill filaments 
[7]. R. infections can cause hemocytic response upon infected tis-
sue through hypertrophy of cells [37].  

We investigated in influence and its significance of the reproductive 
cycles and environmental variability on the pathology of M. gallopro-
vincialis with available timeseries of the survey results. Although the 
area has not experienced mortal outbreaks of the infections of 
found parasites, further investigations and efforts of prevention are 
necessary for the sustainable aquaculture and natural stock in the 
southern Alboran area. Numbers of samplings in appropriate timing 
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in the target ecosystem and quality of the histopathlogical analyses 
in laboratory assist researchers to obtain quantitatively and qualita-
tively sufficient information in the pathological investigations. Taking 
regional oceanographic dynamics into account, such as alterations 
of circulation, variability of thermohaline events and sea level rise, 
continuous histopathological monitoring through seasons and years 
may be necessary in the southern Alboran. Impacts on reproduction 
and recruitment in bivalves can be investigated in relation with cli-
mate change [38,39] based on the continuous monitoring efforts. 
Further investigations in the pathological mechanism with larger 
scale (i.e. synoptic and global scale) environmental drivers may 
provide practical information for the sustainability of the both aqua-
cultural and natural stock of M. galloprovincialis in the southern 
Alboran area. Moreover, considering the limitation of the histology 
and the difficulty of observation of the detected parasites, such as 
Martelia, integrative design of the monitoring with molecular ana-
lyses may be effective. Comprehensive monitoring of the histopa-
thological approach with ecological and molecular biological investi-

gation should be conducted for future. 
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