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Summary

Atotal of 39 digeneans species allocated to 28 genera in 12 families were recovered from 534 fishes
belonging to 14 species in three families (Carangidae, Mullidae and Sparidae) collected in the Bay of
Bizerte off the coast of Tunisia. We provide a host-parasite list of records from this locality, including
63 host-parasite combinations. The Opecoelidae Ozaki, 1925 is the most diverse group with 12 spe-
cies. The species richness of individual digenean genera in the Bay of Bizerte ranges from 1 - 6
species. The mean number of 2.58 species per host indicates a relatively high digenean diversity in
the Bay of Bizerte, which is related to its geographical location, its connection with the neighbouring
Bizerte Lagoon and the nature of the bottoms of the littoral marine areas off the northern Tunisian
coasts. This diversity is significantly higher than that reported off the southern coast of Tunisia and
distinctly lower than that observed for teleost hosts in the Scandola Nature Reserve off Corsica.
Generally, the levels of infection in teleosts fishes from the Bay of Bizerte are lower than those from

the other two localities.
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Introduction

Parasites of aquatic organisms constitute an essential part of
aquatic ecosystems. The evaluation of parasite biodiversity and
the monitoring of community dynamics may constitute a good in-
dicator of potential changes that might affect these ecosystems.
These parasites include digeneans that often depend on trophic
interactions for their transmission. Moreover, due to their complex
life-cycles that require two or more intermediate hosts, digenean
trematode parasites are linked to several different taxa and con-
stitute excellent bicindicators of biodiversity (Marcogliese & Cone,
19974, b; Hechinger et al., 2007). Positive correlations have been
demonstrated between the digenean species richness and faunis-
tic diversity (Hechinger & Lafferty, 2005; Hechinger et al., 2007). In
the Mediterranean region, numerous studies, starting in the 19th
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Century, have been conducted on digenean species parasitic in
fish. As a result, a total of 303 species has been reported and
described from just 192 fish species (Pérez-del-Olmo et al., 2016;
Rima et al., 2017). In contrast, in Tunisia, interest in these hel-
minths has been developed only over the past 20 years with the
pioneer studies of Gargouri Ben Abdallah and Maamouri (1997,
2002, 2005a, b, 2008) and Gargouri Ben Abdallah et al. (2010) on
the diversity and the life-cycles of fish digeneans off the northern
coast of the country. In 2012, another determined effort was made
by Derbel and co-workers to contribute to our knowledge of the
digenean fauna in marine fishes off the southeastern coast of Tu-
nisia (Derbel et al., 2012). In an earlier study on the biodiversity of
digeneans in the Bizerte Lagoon (an inlet of the Mediterranean in
northeastern Tunisia), we reported 30 species of digeneans from
sparid fishes (Gargouri Ben Abdallah et al., 2011; Antar & Gar-



gouri, 2013; Antar et al., 2015). Of these, two were recognised
using both morphological and molecular methods (see Antar et al.,
2015). In addition, the life cycle of Proctoeces maculatus (Looss,
1901) was studied in Bizerte Lagoon using the same methods,
resulting in our suggesting the existence of cryptic species based
on the different developmental stages of the life-cycle of this ‘spe-
cies’ (Antar & Gargouri, 2015). In the present work, we provide
information on the diversity of digenean species in teleost fishes
off the northern coast of Tunisia (Bay of Bizerte) and compare our
results with those already published for the other localities of the
Mediterranean Sea.

Materials and Methods

Over a 3-year sampling period (2010 - 2012), a total of 534
teleosts was collected from the Bay of Bizerte (37°16'47.02°N
9°58'23.387E) located off the northeastern coast of Tunisia. Fish
were obtained fresh from local fishermen in the Bay of Bizerte,
kept on ice and immediately brought back to the laboratory where
they were identified based on Fischer et al. (1987), then measu-
red, weighed, photographed and dissected. Fish names follow
FishBase (Froese & Pauly, 2016). The gastrointestinal tract was
then removed and examined for digeneans under a binocular mi-
croscope; the worms recovered were fixed alive by being pipetted
into near-boiling saline. Afterwards, they were stained with borax
carmine, dehydrated through a graded ethanol series, cleared in
clove oil (eugenol) and examined as permanent mounts in Canada
balsam. Several live specimens were examined for identification
as temporary mounts in cold saline under the slight pressure of
a coverslip. Ecological terms (prevalence, abundance and mean
intensity) follow the definitions of Margolis et al. (1982).

Ethical Approval and/or Informed Consent

All applicable institutional, national and international guidelines for
the care and use of animals were followed.

Results

Atotal of 39 digenean species allocated to 28 genera in 12 families
were recovered from 534 fishes belonging to 14 different species
from 12 genera in three families. Most of them were found in mem-
bers of the Sparidae. We identified 63 host-parasite combinations
(Table 1). The most species rich digenean family, the Opecoelidae
Ozaki, 1925 (with 12 species), accounted for 30.8 % of the total
species and included six species of Macvicaria Gibson and Bray,
1980, among which was M. bartolii Antar, Georgieva, Gargouri
and Kostadinova, 2015, a species recently described using both
morphology and molecular information from 1TS1-5.8S-ITS2 se-
quences and partial sequences of the 28S rRNA gene (Antar et al.,
2015), and one species each of Allopodocotylle Pritchard, 1966,
Opecoeloides Odhner, 1928, Pachycreadium Manter, 1954, Pora-

canthium Dollfus, 1948, Pseudopycnadena Saad Fares and Mail-
lard, 1986 and Pycnadenoides Yamaguti, 1938. The Opecoelidae
is also the most diverse digenean family in the Mediterranean, with
42 species (Pérez-del-Olmo et al., 2016; Rima et al., 2017). The
species richness of individual genera in the Bay of Bizerte ranged
from 1 — 6 species, although most genera (78.6 %) have only a sin-
gle species, which accounts for 22 of the digenean species. These
genera exploit three infected fish families (Carangidae, Mullidae
and Sparidae). After Macvicaria, Holorchis Stossich 1901 is the
next most species rich genus, with three species.

Of the 14 teleost species examined, only Pomatomus saltatrix
(Linnaeus, 1766) lacked digenean parasites. Two digenean spe-
cies have been reported from this host in the Black Sea and off
the southern coast of Tunisia (Opechona bacillaris (Molin, 1859)
(see Bray & Gibson, 1990) and Prosorhynchoides arcuatus (Lin-
ton, 1900) (see Derbel et al., 2012)). The absence of digeneans
in P. saltatrix in the Bay of Bizerte can be explained by the low
numbers of this host examined due to its scarcity in the study area,
its biological and ecological preferences and also by its small body
size; the three specimens examined were all young. Several au-
thors have highlighted the relationship between host body size and
the number of parasites and their composition (Grutter & Poulin,
1998; Lo et al., 1998; Mufioz et al., 2002; Mufioz & Cribb, 2005,
2006). They concluded that larger host individuals had a higher
species richness of parasites than smaller individuals. Indeed, re-
sources are more important and microhabitats are more varied in a
large rather than a small body (Mufioz et al., 2002; Mufioz & Cribb,
2005). The highest species richness was recorded in the sparid
Diplodus sargus sargus (Linnaeus, 1758), with nine species (28 %
of all species recorded in this study), followed by Boops boops
(Linnaeus, 1758) and Pagellus erythrinus (Linnaeus, 1758), each
with 7 species (21.9 %). The digenean faunas of these three fish
species were dominated by Macvicaria crassigula (Linton, 1910),
Aphanurus stossichii (Monticelli, 1891) and Holorchis pycnopo-
rus Stossich, 1901, respectively. Sarpa salpa (Linnaeus, 1758)
and Sparus aurata Linnaeus, 1758 each harboured six species
(18.7 %), whereas Mullus surmeletus Linneaus, 1758 was infected
with five trematode species (15.6 %). Diplodus vulgaris (Geoffroy
St.-Hilaire, 1817) and Pagrus pagrus (Linnaeus, 1758) exhibited
a lower diversity, not exceeding four digenean species (12.5 %).
Five host species (9.4 %) (Diplodus annularis (Linnaeus, 1758),
Lithognathus mormyrus (Linnaeus, 1758), Oblada melanura (Lin-
naeus, 1758), Trachurus trachurus (Linnaeus, 1758) and Spon-
dyliosoma cantharus (Linnaeus, 1758)) were infected with three
digenean species.

Examination of the parasitological descriptors of species richness
(Margolis et al., 1982; Valtonen et al., 1997) shows that sever-
al species (e.g. Arnola microcirrus (Vlasenko, 1931), Holorchis
legendrei Dollfus, 1946, Macvicaria mormyri (Stossich, 1885),
Magnibursatus bartolii Kostadinova, Power, Fernandez, Bal-
buena, Raga and Gibson, 2003, Pycnadenoides senegalensis
Fischthal and Thomas, 1972, Poracanthium furcatum Dollfus,
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1948 and Robphildolifusium martinezgomezi Lopez-Roman, Gi-
jon-Botella, Kim and Vilca-Choque, 1992) are considered rare
(prevalence < 10 %). Some species (e.g. Aphanurus stossichii,
Bacciger israelensis Fischthal, 1980, Monascus filiformis (Rudol-
phi, 1819), Opecoeloides furcatus (Bremser in Rudolphi, 1819)
and Proctotrema bacilliovatum Odhner, 1911) exhibit a higher
level prevalence (10 — 50 %) and are considered as intermedi-
ate species. Some others can be rare, intermediate or common
(prevalence > 50 %), depending on the host species; for example,
this is the case for Diphterostomum brusinae (Stossich, 1889), Ec-
tenurus lepidus Looss, 1907, Holorchis micracanthum (Stossich,
1888), H. pycnoporus, Lepocreadium pegorchis (Stossich, 1901)
and Macvicaria bartolii. Such a variation is undoubtedly related to
the presence of preferred host species.

The majority of digeneans in the Bay of Bizerte (26 species =
66.7 %) parasitize a single host species, eight were found in two
host species and three were collected from four host species. D.
brusinae and Lepocreadium album (Stossich, 1890) were recov-
ered from three and five host species, respectively. The mean
number of hosts per species is 1.61. In the light of these results,
the overwhelming pattern of host-specificity in the Bay of Bizerte
seems to be high. However, despite the availability of the other
potential hosts, some species, such as Aphallus rubalo (Bray,
1986), Aphanurus stossichii, Hemiurus communis Odhner, 1905,
Pachycreadium carnosum (Rudolphi, 1819), Pseudopycnadena
fischthali Saad-Fares and Maillard, 1986 and Wardula sarguicola
Bartoli and Gibson, 1989, infect a single host species in the Bay
of Bizerte, whereas they are known to have no strict host-speci-
ficity in the Mediterranean region (Sasal et al., 1999; Bartoli et al.,
2005). Previous studies have shown that the variety in the diet
of a host species, its vagility, its relatedness to other sympatric
host species and how long it has been in the area can influence
the chances of a host acquiring parasite species (Price & Clancy,
1983; Kennedy et al., 1986; Kennedy & Bush, 1994). It is notable
that E. lepidus, a common parasite of a wide range of marine tele-
osts (Atherinidae, Carangidae, Sparidae, Lophiidae, Scombridae)
was recovered from only two hosts, B. boops and T. trachurus, in
the Bay of Bizerte; the former is a new host record for this digene-
an. We admit that further sampling of a broad range of fish families
may well change our understanding of the patterns of host-speci-
ficity in the Bay of Bizerte.

Discussion

The mean number of 2.58 species per host, estimated from pub-
lished data on digenean parasites of labrid fish from the Bay of
Bizerte (Gargouri et al., 2010) and the present study, is distinctly
lower than that reported for teleost hosts in the Scandola Nature
Reserve off Corsica (3.8, see Bartoli et al., 2005) and significantly
higher than that observed for teleosts off the southern coast of Tu-
nisia (1.7, see Derbel et al., 2012). Bartoli and co-workers (2005)
reported for different basins of the Mediterranean a range of mean
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values (0.6 — 2.9 species per host). The comparison of our data
and these reports shows similar digenean species richness to
that in teleosts from Eastern Mediterranean and a greater dige-
nean diversity than that reported in teleosts from the Adriatic and
north-western Italian coast (see Bartoli et al., 2005). Furthermore,
in a recent study of the trematode fauna of the Mediterranean,
Pérez-del-Olmo et al. (2016) estimated a lower overall mean num-
ber (1.57 species per host) indicating, according to these authors,
a high diversity in the Mediterranean. However, these authors stat-
ed that they did not consider geographical variation in terms of
faunal richness and that their estimate was rather artificial. Similar
results were obtained when we, taking into account the work car-
ried out by Gargouri et al. (2010), compared the data reported for
the same 10 teleost species studied in the Bay of Bizerte, the Gulf
of Gabes and the Scandola Nature Reserve. An intermediate situ-
ation for the Bay of Bizerte was encountered, with a mean number
of 3.8 species per host, which is much higher than that for the
southern coast of Tunisia (2.1 species per host) and lower than
that for the Scandola Nature Reserve (4.2 species per host). The
environment at the Bay of Bizerte appears to provide favourable
conditions for the transmission of digeneans and the completion of
their life-cycles. Among the possible reasons explaining the rela-
tively high digenean diversity in teleosts from the Bay of Bizerte is
its situation in the eastern part of the Western Mediterranean (FAO
division 37.1.3 Sardinia) and its connection with the neighbouring
Mediterranean lagoon, i.e. Bizerte Lagoon, via a channel. Indeed,
several studies (Bartoli, 1974; Maillard, 1976; Thomas et al., 1997;
Bartoli & Gibson, 2007) have pointed out the importance of para-
sitism in lagoonal ecosystems; these shallow and confined bioto-
pes with high specific diversity and high predation levels favour
the life-cycles and the transmission of parasites. Moreover, Saad
Fares (1985) attributed the low digenean diversity observed off the
Lebanese coasts to obstacles to the completion of the life-cycle of
parasites on these coasts, which are characterized by the absence
of lagoons and ponds. On the other hand, the north coast of Tuni-
sia presents a varied topography. In fact, the substrata are mainly
rocky but also both hard and soft; this variety of biotopes enables a
high biodiversity (Boudouresque, 1997). The mainly rocky bottoms
of the littoral marine areas of the northern Tunisian coasts offer
the best substrata for the colonization of very rich, coralligenous
assemblages (Ben Mustapha et al., 2002). Posidonia oceanica
meadows are also well represented in this part of the Tunisian
coast and are geographically extensive off Bizerte and Cani (Ben
Mustapha et al., 2002). Both biocoenoses exhibit a high diversity
of macro-benthic organisms (Ben Mustapha et al., 2002), some of
which act as intermediate hosts for several digeneans species. In
addition, Posidonia oceanica meadows represent productive eco-
systems that provide habitats and food resources for a diverse fish
fauna and act as important nursery areas for many coastal species
(Harmelin-Vivien, 1982). Also, due to the nature of the sea bottom
off the northern region of Tunisia, some fishing methods, such as
bottom trawling, are not practiced. Bottom trawling is considered



one of the most disruptive human-induced physical disturbances
to seabed communities (Rumohr & Krost, 1991). Indeed, previous
studies have shown that the biomass and abundance of benthic
organisms is reduced by trawling, leading to long-term changes
in the benthic species composition (Reise, 1982; Reise & Schu-
bert, 1987; Thrush et al., 1991). Engel & Kvitek (1998) provided
evidence that high levels of trawling can decrease bottom habi-
tat complexity and biodiversity. Derbel et al. (2012) attributed the
low digenean richness in the Gulf of Gabes to the disturbance
resulting from changes in the structure and the function of the ma-
rine ecosystem off southern Tunisia caused by human activities
(overfishing and the use of the trawling) and the impact of exotic
species (the introduction of invasive algae). Conversely, the high
digenean diversity reported for the Scandola Nature Reserve is re-
lated to its high general level of biodiversity (Miniconi et al., 1990;
Verlaque, 1990; Verlaque et al., 1999) and related to the stability of
the equilibrium of the ecosystem, which has been strictly protected
since 1979 and where spear-fishing and angling are prohibited.

Examination of the level of infection revealed that digeneans, in
general, exhibited a higher prevalence in the Scandola Nature
Reserve and Gulf of Gabes than in the Bay of Bizerte. There are
many reasons which might explain the origin of this differential
distribution of digenean frequencies between the different Medi-
terranean environments. The high level of prevalence reported for
the Gulf of Gabes appears to be related to a greater sampling
effort (534 teleosts of 14 species for the Bay of Bizerte vs 779
teleosts of 32 species for the Gulf of Gabes) and to the abundance
of intermediate hosts, and in particular the molluscan host, in this
locality. Furthermore, during their free-living phases, parasites of
aquatic organisms with complex life-cycles are negatively affect-
ed by changes of environmental conditions, including urban and
industrial pollution and other anthropogenic perturbations (Piet-
rock & Marcogliese, 2003). They are sensitive to environmental
stressors such as wastewater or industrial pollutants and chemi-
cals released into the environment as a result of human activities
and their transmission is impeded or modified in polluted habitats
(MacKenzie et al., 1995; Marcogliese & Cone, 1997). These pollut-
ants are toxic and lead to a decrease in the prevalence and abun-
dance of parasites by acting directly on the parasites themselves
and their free-living stages, or indirectly on density of the defin-
itive or intermediate hosts (Overstreet & Howse, 1977; Khan &
Thulin, 1991; Poulin, 1992; MacKenzie et al., 1995; Lafferty, 1997;
Sures, 2004, 2008). According to MacKenzie et al. (1995), pollut-
ants may influence the infection levels of endohelminths in fish
hosts by affecting the numbers of parasite larval stages carried
by invertebrate intermediate hosts or by causing changes in the
pathogenicity of invertebrate pathogens. In the Bay of Bizerte, the
major source of pollution is a large oil refinery. This refinery has,
since 1999, imported all of Tunisia’s requirements for petroleum
products, and its potential as a direct source of oil pollution has
been accentuated by an increasing production of refined products.
Indeed, a simple direct observation has revealed the non-negligi-

ble presence of hydrocarbons in the wastewater of this refinery
released into the marine environment (Boufahja, 2010). Moreo-
ver, oil traffic can also, even accidentally, result in the discharge
of crude or refined petroleum products during load shedding or
pumping operations (Beyrem, 1999). Some laboratory experi-
ments and studies of wild-caught fish suggest that exposure to
oil and its components reduces the prevalence and intensity of
gastrointestinal helminths (Haensly et al., 1982; Kiceniuk & Khan,
1983). Furthermore, Khan and Kiceniuk (1983) have suggested
that the low species diversity and the low infection intensity of gut
parasites in fish exposed to oil might be attributed to its toxicity
acting directly on the parasites and/or causing a modification of the
gut environment which becomes inhospitable to the parasites; the
latter is brought about by changes in fish physiology. On the other
hand, the invasive seaweed Caulerpa taxifolia, reported for the
first time in Tunisian waters by Langar et al. (2000), synthesizes
toxic metabolites which are released into the environment. These
metabolites can affect the behaviour, survival and transmission of
infective, free-living, larval stages to the intermediate hosts (Bartoli
& Boudouresque, 1997). Digenean free-living stages are also sen-
sitive to the action of exogenous environmental factors, such as
temperature, salinity, hydrogen ion concentration, water level and
photoperiod. The variation of these abiotic factors influences the
prevalence of parasites and their presence in both time and space
(Chubb, 1979, 1980) by affecting the rates of cercarial emergence
and the transmission success.

In conclusion, our comparative study showed a high diversity of
digenean species in teleost fishes off the northern coast of Tunisia
suggesting that the Bay of Bizerte provide favourable conditions
for the transmission of these helminths and the completion of their
life-cycles.
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