
Bull. Eur. Ass. Fish Pathol., 31(2) 2011, 66

The influence of sea temperature, salinity 
and oxygenation on intracellular ciliates 

dynamics in Slovene Mediterranean 
mussels (Mytilus galloprovincialis)

M. Gombač1, M. Makarovič3, I. Fonda2 and V. Jenčič1*

1 Veterinary faculty, University of Ljubljana, Gerbiceva 60, Ljubljana, Slovenia;  
2 Fonda.si d.o.o. Fonda s.r.l., Liminjanska cesta 117, Portoroz, Slovenia;  

3 School of Advanced Social Studies, Kidriceva 9, 5000 Nova Gorica, Slovenia

Abstract
1280 adult Mediterranean mussels (Mytilus galloprovincialis), 960 from shellfish farms and 320 from 
natural beds, were monthly collected over a one-year period in the Slovene Sea, measured and 
weighted to calculate the condition index and microscopically examined for the presence of the 
intracellular ciliates of mussels. Water temperature, oxygenation and salinity were measured at 
each sampling. The prevalence of infection with intracellular ciliates of mussels was 22.9%: 24.4% 
in cultured and 18.4% in wild mussels. The highest prevalence of infection was detected in spring 
when the average sea temperature was 15.2 oC, the average oxygenation 9.3mg/l and the average 
salinity 29.6‰ and the lowest prevalence was found in summer with the average sea temperature 
24.1 oC, average oxygenation 7.6mg/l and average salinity 38.1‰. We determined that only salinity 
had an impact on infection with intracellular ciliates - the higher the salinity, the lower the infection. 
The average condition index of infected mussels seemed to be slightly higher than of the healthy 
ones, but the differences between infected and healthy mussels were not statistically significant.

Introduction
The Slovene Sea is the northernmost end of The 
Adriatic Sea (Richter, 2005). The average depth 
of the sea is only about 17 metres (Richter, 2005). 
The average sea temperature is 15.8 oC (Rejec 
Brancelj, 2003), but the temperature varies con-
siderably: from 0 oC up to 30 oC (Richter 2005). 
The average salinity is between 37 and 38‰ 
(Rejec Brancelj, 2003) and it fluctuates between 
20‰ a�er abundant rainfall and 38‰ during 
the late summer and winter (Lipej, 2004; Richter, 
2005). The oxygen concentration varies depend-
ing on the sea temperature (Richter, 2005). The 

average oxygen concentration at the sea bo�om 
is 6 mg/l in summer and 9 mg/l during winter 
(Čermelj et al., 2003). 

Mediterranean mussels are o�en invaded by 
Rhychodid-like ciliates (Bower et al., 1994), which 
inhabit the epithelium of the digestive gland 
(Ceschia, 2008) and are named intracellular 
ciliates of mussels or digestive gland ciliates 
(McGladdery and Bower, 2002). Although 
they may disrupt digestive tubule epithelia 
and provoke a specific host response in infected 
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mussels (Figueras et al., 1991), they are mostly 
harmless and commensals. The reported preva-
lence was 2.67% in Mediterranean mussels in 
the French sea (Carrasco et al., 2008), 21.4% in 
cultured Mediterranean mussels in the Slovene 
sea (Gombač et al., 2008) and up to 40% in cul-
tured Mediterranean mussels in Spain (Villalba 
et al., 1997). 

Reported epidemiological properties of intra-
cellular ciliates of mussels in Mediterranean 
mussels are scarce. No data on eventual influ-
ence of sea temperature, salinity and oxygena-
tion on the infection are available. Due to the 
facts, we designed a year-long study in which 
we tried to establish the intracellular ciliates 
dynamics in cultured and wild Slovene Medi-
terranean mussels in correlation with the sea 
temperature, salinity and oxygenation and also 
to evaluate possible influence of the infection on 
the condition index of infected mussels.

Material and methods
80 adult cultured mussels were monthly 
stripped directly from ropes and from 20 to 40 
adult mussels were collected from natural beds 
from January to November (in December the 
collection of wild mussels proved to be impos-
sible due to the stormy sea) throughout 2008 
at a depth of approximately 3-metres. In total 
1280 adult Mediterranean mussels comprising 
960 mussels from shellfish farm and 320 from 
natural beds were collected and included in 
our study. 

Water temperature, oxygenation and salinity 
were measured at each sampling at the exact 
point where Mediterranean mussels lived. Oxy-
genation measurements were not performed in 
March, because the oxygen sensor suddenly and 

unexpectedly stopped functioning. Water tem-
perature and oxygenation were measured using 
a thermometer with a dissolved oxygen probe 
(oxygen sensor), whereas water salinity was 
measured using a hand-held refract meter.

Mussels were transported within one hour to 
the laboratory in a classic cooling bag. Dirt and 
water organisms a�ached to the shell were 
carefully removed and the mussel shells were 
then washed with fresh water.

The length of the mussels was measured from 
the hinge to the longest part of the bill. The shell 
was opened and excess water was removed. The 
total weight of mussel was measured and the 
flesh was a�erwards carefully removed from 
the shell intact, drained on double absorbent 
paper and weighed. The total weight of the 
mussel and weight of the flesh was measured 
with electronic balance, accurate to 0.01g. The 
flesh condition index was calculated on fresh 
mussels by means of the formula “condition 
index = fresh flesh weight x 100/total weight”.
 
A standard section through the visceral mass 
was performed a�er weighting. Samples were 
immediately placed in 10% formalin solution 
for not longer than 24 hours at the room tem-
perature and were routinely paraffin embed-
ded. Four μm thick sections were stained with 
haematoxylin and eosin (HE) and one slide per 
mussel was examined with a light microscope 
for the presence of intracellular ciliates. 

Morphometric analyses were performed on 
tissue slide photographs, using a digital camera 
and Microphot microscope. Measurements of 
intracellular ciliates were performed using 
the computer programme NIS-Elements BR 
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as follows: the length and the width of one 
hundred randomly chosen ciliates were meas-
ured and the average values of measured pa-
rameters were calculated.

The intensity of the infection was scored on 
our own scale based on counting the number 
of intracellular ciliates: 

uninfected: no parasites detected; • 
a mild infection – less than fi�y parasites • 
per section; 
a moderate infection – from fi�y to one • 
hundred parasites per section; 
a severe infection – more than one hundred • 
parasites per section. 

The statistical calculations were performed 
using the SPSS computer so�ware. 

The selection of the statistical methods depend-
ed primarily on the types of the variables, since 
our data included interval, ordinal and nominal 
variables. 

Results
The prevalence of infection with intracellu-
lar ciliates of mussels was 22.9%. Intracellular 
ciliates were pear or spindle-shaped, 3.9 μm 
to 11.5 μm long and 2.9 μm to 8.4 μm wide 
with a polymorphic oval to globular basophilic, 
fragmented macronucleus. They were found 
inside the digestive tubule epithelia or were 
in the lumina of digestive tubules. 

A slight enlargement of epithelial cells that 
carried ciliates of a large size was the only al-
teration of digestive glands tubules observed. A 
mild diffuse haemocytic infiltration in digestive 
gland connective tissue was observed in 2% 
and haemocytic neoplasia of mussels in 1% of 

mussels infected with intracellular ciliates of 
mussels. No Marteilia spp. was detected in any 
of mussels infected with intracellular ciliates.
The prevalence of infection with intracellu-
lar ciliates of mussels was 24.4% in cultured 
mussels and 18.4% in wild mussels. The differ-
ences between cultured and wild mussels were 
statistically not relevant (Sig = 0.029; Chi-square 
based Cramer’s V = 0.06). 

The highest average prevalence of infection 
(42%) with intracellular ciliates was detected 
in spring with an average sea temperature of 
15.2 oC, average oxygenation of 9.3 mg/l and 
average salinity of 29.6‰. The lowest preva-
lence (12.7%) was in summer with an average 
sea temperature of 24.1 oC, average oxygena-
tion of 7.6mg/l and average salinity of 38.1‰. 
The highest absolute prevalence was detected 
in May (47%) with a sea temperature of 20 oC, 
oxygenation of 9.1 mg/l and salinity of 26.6‰, 
and the lowest in September (1.6%) with the sea 
temperature of 20.3 oC, oxygenation of 7 mg/l 
and salinity of 39‰. 

The differences in the infection prevalence 
between the months of sampling were statisti-
cally significant (Sig = 0.000; V = 0.342) because 
of the statistically significant relationship 
between the salinity and the infection (Sig = 
0.000), whereas the differences in temperature 
(Sig = 0.163) had no significant effects on the 
infection. The influence of the oxygenation on 
the infection was questionable (Sig = 0.067). 
We established that only salinity had an influ-
ence on infection with intracellular ciliates - the 
higher the salinity, the lower the infection. The 
changes in salinity are normally connected to 
changes in temperature and oxygenation, which 
gives oxygenation only a spurious influence on 
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the infection. This was confirmed by the binary 
logistic regression (see Table 1).

A mild infection was detected in 74.4% of in-
fected mussels, a moderate infection in 15% and 
a severe infection in 10.6% of infected mussels. 
The distribution of ciliates was quite uniform 
throughout the digestive gland tubules, with 
the exception of some severely infected mussels 
where ciliates inhabited only few digestive 
tubules but in great number. In the most se-
verely infected mussels more than 1000 ciliates 
were counted in the digestive gland and all 
digestive tubules were infected: up to 91 cili-
ates were counted in a single digestive tubule 
and up to 3 ciliates inhabited a single infected 
epithelial cell. 

A mild infection was predominant in the 
summer with the highest average sea tempera-
tures and salinity and the lowest oxygenation 
and lowest in the spring. Moderate and a severe 
infection were highest in spring with medium 
average sea temperature and oxygenation but 
with the lowest salinity values and the lowest 
in summer. Due to the constraints imposed by 
the sample size, we were not able to determine 
the significance between the intensity of the 
infection with intracellular ciliates and month 
of sampling, but we confirmed that salinity had 
statistically significant influence on the intensity 
of the infection (Sig = 0.000; Spearman’s correla-
tion coefficient r = - 0.240), whereas temperature 
(Sig = 0.031; r = 0.063) and oxygenation (Sig = 
0.835; r = 0.006) did not. 

Figure 1. Prevalence of intracellular ciliates in different months in correlation with sea temperature, salinity 
and oxygenation.

Table 1. The influence of temperature, oxygenation and salinity on the presence of the intracellular ciliates: 
Results of the logistic regression.

Step 1 B S.E Wald Df Sig. Exp (B)
T -0.030 0.022 1.949 1 0.163 0.970
O 0.181 0.099 3.355 1 0.067 1.199
S -0.134 0.019 51.975 1 0.000 0.874
Constant 2.406 1.579 2.320 1 0.128 11.086

Variable(s) entered on step 1: temperature (T), oxygenation (O), salinity (S).
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The average condition index of all infected 
mussel and of cultured and wild mussels was 
slightly higher than that of healthy ones. The 
differences in condition index between infected 
and healthy mussels and between cultured and 
wild mussels were not statistically significant 
(Sig = 0,250), but ciliates were statistically sig-
nificantly most o�en observed in longer and 
heavier mussels. The average condition index 
of mussels with a mild and a moderate infection 
was higher than that of uninfected, whereas 
in severe infected mussels the condition index 
was lower than that of uninfected mussels. The 
differences in the intensity of the infection with 
intracellular ciliates of mussels and the condi-
tion index were not significant.

Discussion
Ciliates, observed in our mussels were pear or 
spindle-shaped, 3.9 μm to 11.5 μm long and 
2.9 μm to 8.4 μm width. We could not find 
many literature data describing the intracel-
lular ciliates of mussel, but our results are very 
similar to those of Villalba et al. (1997) who 
described the intracellular ciliates of mussels 
as pear or spindle-shaped, 3.9 μm to 15 μm 
long parasites. 

A slight enlargement of epithelial cells that 
carried ciliates of a large size and a mild diffuse 
haemocytic infiltration in digestive gland con-
nective tissue was noticed in some Slovenian 
mussels. A slight enlargement of epithelial cells 
that contained ciliates of a large size, without 
an inflammatory response was observed by 
Villalba et al. (1997). Figueras et al. (1991) on 
the other hand noticed a specific host response 
and McGladdery and Bower (2002) described 
the destruction of the digestive gland in some 
of infected mussels. 

The prevalence of infection with intracellular 
ciliates of Slovene mussels was 22.9%. A slightly 
lower rate of infection at 21.4% was detected 
in our previous study, performed in May and 
July 2004 (Gombač et al., 2008). The only data, 
concerning the prevalence of infection with in-
tracellular ciliates of mussels in Mediterranean 
mussels we were able to find in the literature 
was Carrasco et al. (2007), in which a prevalence 
lower than 1% was observed and Villalba et al. 
(1997), in which a 40% prevalence of infection 
was reported in Spain. 

The prevalence of infection was 24.4% in Slovene 
cultured mussels and 18.4% in Slovene wild 
mussels. The differences between cultured and 
wild mussels and infection with intracellular 
ciliates were not relevant. In the literature there 
is no data showing possible differences in infec-
tion between cultured and wild Mediterranean 
mussels. In blue mussels the prevalence of infec-
tion with intracellular ciliates of mussels was 
lower in wild mussels (Weldon, 1999).

The highest average prevalence of infection with 
intracellular ciliates in Slovene mussels was de-
tected in spring (March, April and May) and the 
lowest in summer (June, July and August). We 
found the differences between prevalence of in-
fection in different months statistically significant 
because of the statistically significant relationship 
between the salinity and the infection. The differ-
ences in temperature and the oxygenation and 
the infection were statistically not significant. We 
established that only salinity had an influence on 
infection with intracellular ciliates - the higher the 
salinity the lower the rate of infection was. Vil-
lalba et al. (1997) also found intracellular ciliates 
throughout the year, but the lowest prevalence 
was detected from October to January. 
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A mild infection was detected in 74.4% of in-
fected mussels, a moderate infection in 15% 
of infected mussels and a severe infection in 
10.6% of infected mussels. In the most severe 
infection, more than 1000 ciliates were seen in 
a digestive gland and all digestive tubules were 
infected: up to 91 ciliates were found in a single 
digestive tubule and up to 3 ciliates inhabited a 
single infected epithelial cell. No reports about 
the intensity of the infection were made to our 
knowledge to date. In the most severely infected 
blue mussel (Mytilus edulis) in Canada, Weldon 
(1999) counted 67 ciliates. A mild infection was 
predominant in the summer with the highest 
average sea temperatures and salinity and the 
lowest oxygenation and the lowest in the spring 
with medium average sea temperature and 
oxygenation but with the lowest salinity values. 
Moderate and a severe infection exhibited op-
posing characteristics: highest in spring and the 
lowest in summer. Because of the constraints 
imposed by the sample size, we were not able 
to determine whether there was a statistically 
significant correlation between the intensity of 
the infection with intracellular ciliates and the 
month of sampling, but we did confirm that sa-
linity had statistically significant impact on the 
intensity of the infection, whereas temperature 
and oxygenation did not. 

The average condition index of all infected 
Slovene mussels was slightly higher than that of 
healthy ones. The same result was observed also 
in cultured and wild mussels. The differences in 
condition index between infected and healthy 
mussels and between cultured and wild mussels 
were not statistically significant. However, a 
slight connection was noticed between the 
infection and the length of the mussels, total 
mussels weight and the weight of the flesh 

- ciliates were most o�en observed in longer 
and heavier mussels, so perhaps intracellular 
ciliates more frequently inhabit older mussels. 
The average condition index of mussels with 
mild and moderate infection was higher than 
that of uninfected, whereas in severely infected 
mussels it was lower. We confirmed very small 
but statistically not significant differences in the 
intensity of the infection with intracellular cili-
ates of mussels and the condition index. The fact 
is quite interesting and could be explained as 
follows: intracellular ciliates of mussels perhaps 
prefer mussels in be�er condition and are harm-
less commensales, which don’t influence the 
hosts’ growth, when they are present in small 
number, but with the extensive increase of their 
number the condition index decreases.
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