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Summary: The Mediterranean mussel (Mytilus galloprovincialis) is the most common bivalve species bred in the Slovenian
sea. The mussels are bred on three locations, i.e., Se¢a, Strunjan and Debeli rti¢ in natural fisheries-shellfish farms. From No-
vember 2007 to October 2008, 960 adult cultured Mediterranean mussels were randomly sampled and included in our study.
Water temperature, oxygenation and salinity were measured at each sampling. The mussels were measured and weighted to
calculate the conditionindex and microscopically examined for the presence of hydroids. No increased mortality occurred dur-
ing the sampling. Hydroids of Eugymnanthea inquilinawere detected with 60.6% prevalence, mostly during summer. They were
either attached to the mantle epithelium or found inside the mantle cavity. No alterations were observed at the point of attach-
ment. The differencesin the prevalence of infection in different seasons were statistically significant. Oxygen content and salin-
ity had a statistically significantimpact on the presence of infection, while temperature did not. The average condition index of
mussels inhabited by E. inquilinawas significantly lower than in uninfected mussels, indicating a parasitic relationship between
Mytilus galloprovincialis and Eugymnanthea inquilina.

Thisisthefirstreportonthe occurrence of E. inquilinain Mediterranean mussels from the Slovenian sea.
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Introduction The farms are quite small and composed of 5
fields, each measuring 20 000 m?. The annual
production of each field is from 25 to 30 tons. The
high density of mussels in aquacultures can lead
to the spread of several epizootic diseases, which
can affect the revenues and farming production.
One of the endobionts found in Mediterranean
mussels is the hydroid Eugymnanthea inquilina
(Cnidaria, Hydrozoa). It has so far been reported
in Greece (1, 2), Italy (3), Croatia (4) and Japan
(5), but no record of this species exists in Slovenia.
The athecate solitary hydroid stage of E. inquilina
attaches itself with a basal disc in the mantle cav-
ity of M. galloprovincialis and other bivalves (3). It
Received: 21 February 2012 is unclear what, if any, are the effects of this or-
Accepted for publication: 5 June 2012 ganisms on the survival and condition of the host

The Slovenian sea, part of the Gulf of Trieste,
the northernmost end of The Adriatic Sea, rep-
resents a specific and rich habitat, highly influ-
enced by considerable fluctuations of tempera-
ture, oxygenation and salinity. The Mediterranean
mussel (Mytilus galloprovincialis) is one of the
most common bivalve species in the Slovenian sea
and the most often bred bivalve. The mussels are
bred on three locations, i.e., Seca, Strunjan and
Debeli rtic in natural fisheries—shellfish farms.
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organism. Kubota (6) hypothesises that the rela-
tionship between the host and endobiont is com-
mensalism with no harmful or beneficial effects to
either organism. On the other hand, Rayyan et al.
(2) and Galinou-Mitsoudi et al. (7) conclude that
a parasitic relationship is more likely, since the
presence of hydroids was correlated with lower
growth rates and condition indices of the mus-
sels. On the other hand, Mladineo et al. (8) found
no deteriorating impact on host reproduction or
condition index, but did observe ultrastructural
alterations (cell desquamation) in host cells at
the attachment site. The possibility of mutualism
between E. inquilina and M. galloprovincialis has
also been proposed; Piraino et al. (3) found an in-
dication that the hydroids may have a protective
role against mussel parasites.

In order to confirm the presence of Eugym-
nanthea inquilina in Mediterranean mussels from
the Slovenian sea, we collected and histologically
examined mussels from two shellfish farms. We
measured the mussel condition index in order to
ascertain potential effects of the hydroid on the
condition of the farmed mussels. To observe any
effects of environmental conditions on the pres-
ence and abundance of the E. inquilina polyps, we
also measured water temperature, salinity and
oxygenation. The prevalence of E. inquilina was
correlated to the presence of intracellular cili-
ates in the same samples (9) in order to ascertain
whether the presence of E. inquilina has any effect
on the prevalence of other endobionts in the Medi-
terranean mussel. This is the first report on the
occurrence of this organism in Slovenia.

Materials and methods

80 adult cultured Mediterranean mussels (Myt-
ilus galloprovincialis) from shellfish farms in Seca
and Strunjan were stripped directly from ropes at
a depth of approximately 3 metres monthly from
November 2007 to October 2008. In total, 960
adult Mediterranean mussels were collected and
included in our study. Water temperature, oxy-
genation and salinity were measured at each sam-
pling at the depth of sampling (3 m). Oxygenation
measurements were not performed in March. Wa-
ter temperature and oxygenation were measured
using a thermometer “MultiLine P4 — Oxi 320 Set”
with a dissolved oxygen probe “CellOx 325” (WTW).
Water salinity was measured using a hand-held

refract meter “S/Mill-E. S= 0-100%0” (ATAGO).

Live adult mussels were transported to the lab-
oratory within one hour in a classic cooling bag.
Organisms attached to the shell were carefully re-
moved and the shells were washed with fresh water.

The length of the mussels was measured from
the hinge to the longest part of the shell. The shell
was opened and excess water was removed. The
total weight of each mussel was measured and the
flesh was carefully removed, drained on double ab-
sorbent paper and weighed. The total weight and
weight of the flesh were determined to +0.01g with
an electronic balance. The flesh condition index
was calculated by means of the formula “condition
index = fresh flesh weight x 100/total weight”.

A standard section through the visceral mass
was performed after weighing. Samples were im-
mediately placed in 10% formalin solution at room
temperature for no more than 24 hours and were
routinely paraffin embedded. Four-um-thick sec-
tions were stained with haematoxylin and eosin
(HE) and one slide per mussel was examined under
a light microscope for the presence of hydroids.

Morphometric analyses were performed on tis-
sue slide photographs using a digital camera and
Microphot microscope. Measurements of hydroids
were performed using the computer programme
NIS-Elements BR. The length of fifty randomly
chosen hydroids was measured and the average
value of the measured parameters was calculated.

The statistical calculations were performed us-
ing the SPSS software package. The independent
samples t-test was used to compare the condition
indices of infected and uninfected mussels. To
analyse the possible independent effects of tem-
perature, oxygenation and salinity on the occur-
rence of infection, we used the binary logistic re-
gression. The chi-square test of independence was
employed to examine the occurrence of simulta-
neous infections with E. inquilina and intracellu-
lar ciliates.

Results

1. Occurrence of Eugymnanthea inquilina
in Slovenian Mediterranean mussels

No increased mortality was detected in shell-
fish farms during the one year sampling period.

The length of the mussels varied from 5.0 to
9.8 cm (average 7.0 cm).
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The total weight of mussels varied from 5.0 to
39.5 g (average 15 g) whereas the weight of the
flesh varied from 1.2 to 12.2 g (average 4.15 g).
The condition index varied from 11.17 to 69.33
(average 28.14).

Overall, the prevalence of hydroid infection was
60.6%. The hydroids (Figure 1) were 111-664 um
long (average 345 um). They were either attached
to the mantle epithelium or found inside the man-
tle cavity (Figure 1). No alterations were observed
at the point of attachment.

The average condition index of infected mussel
was 28.3 and it was lower than that of healthy
ones (29.8). The difference in the condition index
between infected and healthy mussels was statis-
tically significant (t = 4.095; p<0,001).

2. Correlation with environmental parameters

The measured sea temperatures, oxygenation
and salinity in relation to hydroid prevalence are
presented in figure 2.

The highest average prevalence of infection
(82.7%) was detected in summer (June, July, Au-
gust) with an average sea temperature of 24.1 °C,
oxygenation of 7.6 mg/1 and salinity of 38.1%o0. The
lowest prevalence (37.0%) was observed in winter
(December, January, February) with an average

Figure 1: Eugymnanthea in-
quilina in the mantle cav-
ity of Mediterranean mus-
sels. A: E. inquilina polyp
attached to the mantle, HE
staining, x100; B: E. inqui-
lina polyp with a medusoid
bud surrounded by a mem-
brane in the mantle cavity,
HE staining, x40; C: Numer-
ous E. inquilina polyps in
the mantle cavity, HE stain-
ing, x40; D: Two E. inquilina
polyps, one with a medusoid
bud attached to the mantle,
another in the mantle cav-
ity, HE staining, x40

sea temperature of 9.1 °C, average oxygenation of
11.6 mg/l and average salinity of 37.25%o. The
highest absolute prevalence was detected in Sep-
tember (86.7%) with a sea temperature of 20.3 °C,
oxygenation of 6.9 mg/1 and salinity of 39%o0, and
the lowest in March (20%) with the sea tempera-
ture of 11.1 °C and salinity of 32.5%o.

The differences in the infection prevalence be-
tween the months of sampling were statistically
significant (V = 0.445; p<0.001). The binary lo-
gistic regression showed that oxygen content and
salinity have a statistically significant (p<0.001)
correlation with the presence of infection, while
temperature does not (Table 1).

3. Concurrent infection with intracellular
ciliates of mussels

The occurrence of intracellular ciliates of mus-
sels and E. inquilina in all the sampled mussels is
summarised in Table 2.

A chi-square test of independence was per-
formed to examine the relation between the oc-
currence of intracellular ciliates in mussels with
or without hydroids. The relation between the
variables was significant, x2 (1, N = 960) = 5.96,
p = 0.015. Intracellular ciliates are less likely to
invade mussels with Eugymnanthea inquilina.
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Figure 2: Prevalence of hydroids in different months in correlation with sea temperature, salinity and oxygenation

Table 1: Results of the binary logistic regression analysing the possible independent effects of temperature, oxy-
genation and salinity on the occurrence of infection.

B S.E. Wald df Sig. Exp(B)
T= ,001 ,018 ,003 1 ,960 1,001
Step 1(a)
oP -,335 ,082 16,512 1 ,000 , 715
Se ,060 ,017 12,481 1 ,000 1,062
Constant 1,329 1,331 ,997 1 ,318 3,777

@ Temperature "Oxygen concentration; °Salinity

Table 2: The observed numbers of Mediterranean mussels infected with Eugymnanthea inquilina and intracellular

ciliates of mussels

Intracellular Eugymnanthea inquilina
1 Total
ciliates Yes No
Yes 126 108 234
No 456 270 726
Total 582 378 960
Discussion inquilina in different seasons. The highest preva-

Our research is the first to demonstrate that
Eugymnanthea inquilina is present in cultured
Mediterranean mussels from the Slovenian sea.
The average incidence of infection with the hy-
droid was 60.6%. This is comparable to the preva-
lence of 73.9% reported in the lonian Sea, Italy (3)
and 48.3% (2) and up to 78.1% (7) in the North
Aegean Sea, Greece.

We observed statistically significant differences
in the prevalence of infection with Eugymnanthea

lence was observed during summer and autumn
months, which is contradictory to the data re-
ported in Rayyan et al. (2) and Piraino et al. (3),
who, for the same part of the year, both found a
decrease in prevalence. Oxygen content and salin-
ity were shown to have a statistically significant
(p<0.001) correlation with the presence of infec-
tion with E. inquilina, while temperature did not.
Increased salinity and decreased oxygen are prob-
ably stressful conditions for the host, which could
explain the increased prevalence of the medusoid.
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Since no increased mortality occurred in shell-
fish farms during the year of sampling, we can
conclude that the effects of Eugymnanthea inqui-
lina on the host organism are not lethal. The con-
dition index of invaded mussels was significantly
lower than that of healthy ones. This implies that
serious invasions of Eugymnanthea inquilina in
mussel farms could mean a decrease in the pro-
duction and revenues of the farms.

The mussels infected with Eugymnanthea inqui-
lina were less likely to contain intracellular ciliates
than hydroid-free mussels. Our previous research
(9) has shown that the difference in the condition
indices between mussels infected with ciliates and
healthy ones was not statistically significant. How-
ever, ciliates were most often observed in longer
and heavier mussels. We concluded that intracel-
lular ciliates more frequently inhabit older mussels
in better condition and are harmless commensals
when present in small numbers, but a more nu-
merous infection causes a decrease in the mussel’s
condition index. The observed decrease in the oc-
currence of intracellular ciliates in mussels infect-
ed with Eugymnanthea inquilina could therefore
be an indirect consequence of decreased condition
index of the mussels. It is also possible that Eu-
gymnanthea inquilina has some direct effect on the
presence of intracellular ciliates of mussels (e.g. by
excreting repellent substances), but this possibility
needs to be researched further.

On the basis of our research we can conclude
that Eugymnanthea inquilina is present in Slove-
nian shellfish farms to a relatively large extent.
The interaction between the host and endobiont
is not mere commensalism since infection with E.
inquilina decreases the condition of affected mus-
sels. Similar to some of the other authors (2, 7), we
can conclude that the relationship between Medi-
terranean mussels and hydroids is more likely to
be parasitism. An increase in the prevalence of
Eugymnanthea inquilina in shellfish farms could
therefore potentially represent a threat to their
production. It is recommended that the condition
of the infection be monitored in the future in or-
der to have a comprehensive warning system for
potential decline in the condition and growth of
Mytilus galloprovincialis in the Slovenian sea.
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POJAVLJANJE IN UCINKI TRDOZIVNJAKA EUGYMNANTHEA INQUILINA V GOJENIH MEDITERANSKIH
KLAPAVICAH (MYTILUS GALLOPROVINCIALIS) V SLOVENIJI

S.Zizek, M. Gombac, M. Pogadnik

Povzetek: Mediteranska klapavica (Mytilus galloprovincialis) je v slovenskem morju najstevil¢nejsa in najpogosteje gojena
vrsta skoljk. Gojijo jo natreh lokacijah, pri Sedi, Strunjanuin Debelem Rti¢u. V naso raziskavo smo vklju¢ili 960 klapavic, kismo jih

opazilipoginov $koljk. Trdozivnjaka Eugymnanthea inquilinasmo diagnosticiraliv 60,6 % $koljk, najvecjo prevalenco smo zaznali
poleti. Trdozivnjaki so bili pritrjeni na plas¢ ali pa smo jih nasli proste v plasc¢evi votlini. Na mestu pritrditve nismo opazili nobenih
tkivnin sprememb. Razlike v prevalencah vrazli¢nih letnih Casih so bile statisticno znacilne. Koncentracija raztoplienegakisikain
slanost sta znacilno vplivali na prisotnost trdozivnjakov, temperatura pa ne. Povprecen kondicijski indeks klapavic s trdozivnjaki
je bil statisticno znacilno nizji od kondicijskega indeksa zdravih klapavic, kar kaze na moznost parazitizma trdozivnjaka Eugym-
nantheainquilina.

Toje prvo porocilo o prisotnosti endobiontskega trdozivnjaka E. inquilinav mediteranskih klapavicah v slovenskem morju.

Kljuéne besede: Eugymnanthea inquilina; Mytilus galloprovincialis; histopatologija; kondicijskiindeks; Trzaski zaliv



