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Metazoan Parasites Infecting Xiphias gladius from the Eastern Coast of Algeria (SW Mediterranean
Sea). Ramdani, S., Trilles, J.-P., Ramdane, Z. — Five specimens of Xiphias gladius Linnaeus, 1758 were
sampled from the eastern coast of Algeria and examined for their metazoan parasites. Pathological effects
of the collected parasites were examined for the whole body of X. gladius. Four metazoan parasites spe-
cies were collected: two monogeneans (Tristoma coccineum Cuvier, 1817; T. integrum Diesing, 1850), one
copepod (Pennella instructa (Wilson, 1917)) and one parasitic nematode (Hysterothylacium aduncum
(Rudolphi, 1802)). We report here for the first time a symbiotic species, Conchoderma virgatum Spengler,
1789 (Cirripedia) fixed on P. instructa. Collected monogenean and the copepod species are newly record-
ed for Algerian coast. Xiphias gladius is a new host for H. aduncum in the studied region. All examined
specimens were infected (P = 100 %). The collected copepod parasite, P. instructa (P = 60 %) induces seri-
ous pathological effects to its host (necrosis and hemorrhage particularly). Histological sections showed
that this copepod causes skin lesions, deteriorations on the dermal and muscle tissue.
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Introduction

Xiphias gladius Linnaeus, 1758 is the only member of the family Xiphiidae, with a worldwide distribution
(Muscolino et al., 2012) extending from tropical to cold-temperate oceans, including the Mediterranean Sea
(Nakamura 1985). This species is a pelagic and migratory fish, which can grow up to more than 3 m in length
(Tserpes & Tsimenides, 1995; Sun et al., 2002). This fish species represents one of the most important fish
resources for the North Atlantic and the Mediterranean fisheries (Mattiucci et al., 2005).

Metazoan parasites infecting X. gladius were previously studied in the North Atlantic (Castro-Pampillon
et al.,, 2002; Garcia et al., 2011; Mattiuci et al., 2014; Llarena-Reino et al., 2019) and in the Mediterranean Sea,
(Mattiucci et al., 2005; Oktener et al., 2007; Mattiucci et al., 2014). But several further studies were conducted
in other geographical areas: in the Pacific Ocean, Smith et al. (2007) and Mufioz et al. (2012) worked on both
mesoparasites and ectoparasites (crustaceans, digeneans, monogeneans, nematodes ), in the Indian Ocean,
Karthick Rajan et al. (2018) focused their investigations on crustaceans, while studies from the Eurasian south
Sea and Baltic Sea reported especially cestodes and nematodes (Bacevic¢ius & Karalius, 2005; Varghese &
Unnikrishnan, 2015). Overall, Cestoda and Nematoda are the most dominant parasite groups recorded from
X. gladius though, their high diversity especially in the Atlantic Ocean may be explained by the high number of
conducted studies in this region.
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Many studies focused on the taxonomical identification of parasites infecting X. gladius while some works
used selected parasites as biological tags (Castro-Pampillon et al., 2002 b) and for the stock characterization
(Mattiucci et al.,, 2014). Pathological effects caused by single parasites (Penella instructa) in X. gladius were
studied at the macroscopic level (Llarena-Reinoa et al., 2019).

Available scientific data on X. gladius taken off the Algerian coast focused especially on the presence of
toxic metals and the development of the catch and landing statistics of this commercially important species
(Kouadri Krim et al., 2017; Kouadri Krim & Bouhadja, 2019; Mehouel et al., 2019). To our knowledge, no
previous studies on the metazoan parasite communities infecting swordfish have been conducted in this region.
One of the reasons for it could be the difficulty to obtain the whole specimens of this high valued commercial
species for such kinds of studies.

The aim of this study is to identify the parasitic fauna infecting X. gladius collected off the eastern coast of
Algeria, to report the observed pathological impact related to the parasitism, and to establish the checklist of all
known parasite species infecting X. gladius from the world.

Material and methods

A total of 5 specimens of Xiphias gladius Linnaeus, 1758 were obtained in the harbor from commercial
boats fishing in the Gulf of Bejaia (fig. 1) from February to May 2019. My general thesis project was focused on
the study of pathological effects caused by parasites on their hosts. This comprises several fish species inhabiting
the Gulf of Bjaia, and samples were often dependent on the availability of fishes especially those rarely captured
such as X. gladius. Fish specimens were transported in the cooler container to the laboratory (University of
Bejaia).

All fish individuals were completely necropsied and the examination of the fishes was realized with
assistance of two master students. Prior to examination, the total length (LT) was measured to the nearest 1 cm.
The sampling period (months) and sex of each fish specimen were noted (table 1).

Xiphias gladius body surface (flanks, fins, mouth) was visually and carefully examined by naked eye and
magnifying glass for ectoparasites. The gills were dissected to survey all the gill arches and filaments separately
under the binocular stereoscopic microscope for parasites. The peritoneal cavity, the internal organs (digestive
tract (intestines, stomach, pyloric caeca), liver, gonads, swim bladder, kidney and muscle tissue) were examined
for endoparasites under the binocular stereoscopic microscope.

1
I , Mediteranean Sea
N | T

c :Eourgamun

|
C de Fer Ras el Hamra °
oo, W | Tt A ¥

| '/' \Lw
Annaba '
Skikda® :

Gulf of Bejaia

v | - o
Jijel q i k.
Bejara AAl % P 45
S— | L4
|
. 1 A . s
Algeria i ) Tunisia ]
| | ’
i | !
Ech : 1/2750000 ’ E ' -
5 L ¥
2 g° T2 8 5°E

Fig. 1. Location of the study area (A) and sampling site (B).
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Table 1. Parasitological indexes per months, size classes and sex of X. gladius

Parameters NEF NFE | NP [ P% | Im | Am
Months
February 2019 02 02 12 100 06 06
March 2019 01 01 04 100 04 04
April 2019 01 01 06 100 06 06
May 2019 01 01 03 100 03 03

Sizes classes, cm
[100-120] 03 03 18 100 06 06
[120-140] 02 02 07 100 3.5 3.5
sex

Females 03 03 15 100 05 05
Males 02 02 10 100 05 05

Note. NEF — number of examined fishes; NIF — number of infested fishes; NP — number of parasites;
P (%) — prevalence; Im — Mean intensity; Am — mean abundance.

Copepods were removed from the fish muscle, their number and any potential damage were recorded and
photographed (in situ). The copepods were washed and cleaned in a water, then cleared in 85 % lactic acid for
1 to 2 h and stored in 98 % alcohol for further examination. Length measurements of copepod individuals were
done by a ruler. Monogenean and nematode parasites were cleared with lactophenol (Carbonell et al., 1999)
and stored in pure alcohol (98 %) for further examination. Measurements under the microscope were realized
using a graduated eyepiece.

The parasites were photographed under the light microscope and identified using identification keys (Ho-
gans et al., 1985; Hogans, 1986; Williams & Lucy Bunkley-Williams, 1996; Ichaalal et al., 2015). The number of
parasites and their attachment sites were noted for each fish. Parasitological indexes were calculated according
to Bush et al. (1997).

A histological study was performed in order to evaluate the potential pathological impacts induced by co-
pepods Pennella instructa (Wilson, 1917). Therefore, infected muscle tissue was cut out (fixing site) dehydrated
in a graded series of (70 to 95 %), embedded in paraffin, cut into 1 um-thick serial sections using a microtome,
and stained with Mayer’s haematoxylin and eosin. Thereafter, the sections were examined using light micros-
copy and photographed (using the LEICA DM300 microscope camera).

Results

Overview of the general morphology of the collected parasites

Four adult specimens of the ectoparasite Tristoma coccineum Cuvier, 1817 (Capsalidae
Baird, 1853), were collected from the gill arches of X. gladius (fig. 2, A, B). This parasite
presents a circular form with the length varying from 10.5 to 16.0 mm (13.7 + 2.3). It has
a haptor divided into 7 large alveoli around the border and 1 in the middle (fig 2, C, D).
The margins of the body present rows of minute papillae radiating outward. Three adult
specimens of Tristoma integrum Diesing, 1850 is a congener of T. coccineum from the same
family (Capsalidae Baird, 1853) collected on the gill arches of X. gladius (fig. 2, A, B). This
monogenean is morphologically similar to the adult specimen (4) of T. coccineum (circular
form, haptor divided into 7 large alveoli around the border and 1 in the middle, and the
body present rows of minute papillae), but the here measured size is smaller, varied from
6 to 12.6 mm (9.36 + 3.3) in length and its margins of the body have rows of minute papil-
lae, tiny and very tight radiating also outward (fig. 2, E, F). Under the stereomicroscope no
damages on the gill lamellae or filaments could be observed potentially being caused by
both monogenean species.

Pennella instructa (Wilson, 1917) (Pennellidae Burmeister, 1835) is an ectoparasite co-
pepod with long cylindrical cephalothorax (from 14 to 16 cm in length) collected on X. gla-
dius. Only the parasitic females were collected while males are free swimming. This copepod
was collected from several swordfish body parts (on the dorsal, lateral, and ventral surfaces,
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pectoral and pelvic fins), penetrating through the skin and embedded in the musculature
(fig. 3, A). The visible part, outside the host, may be only half the size. The whole evokes a
black dart planted in the fish specimens of X. gladius ending with brush arranged in two rows
composed of feathery plume. The cephalothorax is anchored in the body of the host.

This parasite is characterized by the presence of a long trunk; abdominal brush in the
axis of the trunk, covered with plumes; two lateral horns (lh) protrude from the head and
extend parallelly to the neck; the surface of the head is covered with central and lateral
papillae (fig. 3, C).

This parasite causes serious damages to its host. Skin sections from attachment sites of
P. instructa on the fish body show damages in the structure of the skin (epidermis, dermis
and hypodermis) and muscles related to the mechanic effects caused by the parasite during
its infiltration in the host tissues (fig. 3, B). Formation of the connective tissue around the
parasite as a host reaction to the infection by this parasite (fig. 3, B) and cystic forms were
found in the host’s musculature (fig. 3, D).

Fig. 2. A, B — Tristoma coccineum Cuvier, 1817 and Tristoma integrum Diesing, 1850 (see red circles) attached
to gills of X. gladius: C — ventral view and D — dorsal view, of General morphology of the species Tristoma
coccineum Cuvier, 1817; E — ventral view and F — dorsal view of General morphology of the species Tristoma
integrum Diesing, 1850 observed under binocular magnifying glass: P — parasite, hap — haptor, alv — alveoli,
pp — papillae. Scale bars: A,B—2cm; C,D,E,F —2m.
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Fig. 3. A — Pennella instructa (Wilson, 1917) attached to the host’s body with Conchoderma virgatum (red star);
B — section of P. instructa surrounded by connective tissue; C — general morphology of parasite P. instructa
(female); D — cystic forms found into the musculature: n — neck; lh — lateral horns; t — trunk; p — plumes;
(ct) — connective tissue and (pi) — P. instructa. Scale bars: , C, D = 2 cm; B— x4 = 300 pm.

A cirripede species (Cirripedia, Lepadidae), Conchoderma virgatum Spengler, 1789,
was found attached to the collected copepod parasite, P. instructa (fig. 3, A). The base stem
(peduncle) and body (capitulum) of this epibiont are blended together without forming a
distinct separation; its size varied from 7.3 to 25.2 mm (n = 8).

One species of parasitic Nematoda, Hysterothylacium aduncum (Rudolphi, 1802) was
identified. These nematodes were collected in their pre-adult stages, freely within in the
lumen of the stomach without cysts. Whitish nematodes of medium to large size (varied
from 9.4 to 16 mm, mean = 12.7 + 4.66); anterior end with 3 lips, esophagus long, slightly

Fig. 4. General morphology of the species Hysterothylacium aduncum (Rudolphi, 1802) observed under an
optical microscope. A — anterior part showing lips (I); nerve ring (nr); oesophagus (e); intestinal caecum (ic);
ventriculus (v); ventricular appendix (va) and intestine (i), lateral view. B — middle part showing oesophagus
(e); intestinal caecum (ic); ventriculus (v); ventricular appendix (va) and intestine (i), lateral view. C — dorsal
labium showing labia (Ib) lateral view. D — posterior end showing spinous tail (sp); lateral view. Scale bars:
A —x10 =100 um; B, C, D — x40 = 50 um.
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Table 2. List of parasites collected in the swordfish, X. gladius sampled in Algerian coasts
(parasitological indexes, infection sites and life stage)

Collected species | P (%) H Im | Am | S/ | Life stage
Ectoparasites
Monogenea
Tristoma coccineum Cuvier, 1817% 20 04 0.80 Gi adult
Tristoma integrum Diesing, 1850* 20 03  0.60 Gi adult
Copepoda
Pennella instructa (Wilson, 1917) * 60 1.67 01 Bs, Msc adult female
Endoparasites
Nematoda
Hysterothylacium aduncum (Rudolphi, 1802) 20 02 0.40 Sto pre-adult

Note. P (%) — prevalence; Im — mean intensity; Am — mean abundance; S/I — infection site; Bs —
body surface; Gi — gills; Msc — muscle; Sto — stomach; * — newly collected parasites on X. gladius from the
eastern coast of Algeria.

wider at the back than at the front (fig. 4, A, C), ventricle oval to oblong, slightly narrower
than the posterior region of the esophagus (fig. 4, A, B, C), intestinal caecum slightly longer
and wider than the ventricular appendage (fig. 4, A, B); the posterior end has a conical tail
ornamented with spinous tail (fig. 4, D).

Recorded infection rates by the collected parasites

Among the collected parasites, Tristoma coccineum, T. integrum and Pennella instructa
are new records for the parasitic fauna of X. gladius caught off Algeria.

Higher prevalence was observed for P. instructa while rather lower infection rates were
noted for monogeneans and the nematode (table 2). The highest mean intensity (reaching
4 parasites per infected host) was observed in monogenean species (table 2). Infection
site varies according to the parasite species. In this case, the gills, the stomach and body
surface (muscle) might represent the favorable environment respectively for monogeneans,
nematodes and copepods (table 2). The identified parasites infect X. gladius throughout
the period of sampling and reveal that all sizes and both sexes are highly parasitized (P =
100 %) (table 1).

Discussion

Three parasite species were recorded for the first time off the Algerian coast: Tristoma
coccineum, T. integrum and Pennella instructa. Hysterothylacium aduncum has been previ-
ously reported in several teleost fishes in the studied region (Ichalal et al., 2015; Ider et al.,
2018; Saadi et al., 2020), while the epibiont, Conchoderma virgatum fixed on the collected
parasitic copepod is reported here for the first time.

All the here detected parasite species were already reported on X. gladius from tropical
and temperate waters all over the world, including the Mediterranean Sea (table 3).

The highest prevalence was recorded for the parasitic copepod, P. instructa. Our results
corroborate with those reported by several authors in the Mediterranean Sea (Merella et al.,
2003; Mattiucci et al., 2005, 2014; Oktner et al., 2010). The recorded prevalence is similar
to those obtained by Hogans et al. (1985) and Merella et al. (2003) (respectively, P = 60.1 %
and P = 56.3), but remain lower than those reported by Mattiucci et al. (2014) (P = 100 %).
Concerning the fixing sites, Hogans et al. (1985) and Castro-Pampillon et al. (2002 a) ob-
served similar infection sites of this copepod particularly: the dorsal, lateral, and ventral
surfaces, pectoral and pelvic fins.

The here recorded mean intensity of this copepod was globally closer to those reported
by Garcia et al. (2011) in the central north and eastern tropical of the Atlantic Ocean (mean
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intensities vary from 1 to 2 parasite per infected host). Its pathological impacts on the para-
sitized fish are well known (damages, injuries and necrosis) and were recorded for many
pennellid species. Damages and injuries can facilitate and even enhance the entry of many
pathogens (secondary infection) such as bacteria, fungi and viruses (Ramdane et al., 2009).
Mattiucci et al. (2014) and Llarena-Reino et al. (2019) reported that P. instructa could cause
health problems for this fish species. As in our study, Cornaglia et al. (2000) and Danyer et
al. (2014) observed a damage on the skin of dolphin infected with Pennella sp. and in the
blubber and muscle of Phocoena phocoena relicta Abel, 1905 infected by Pennella balaenop-
tera. Our histological study reveals real damages in the structure of the epidermis, dermis,
hypodermis and muscle. This may be related to the mechanic effects of the parasite during
its infiltration in the host tissues. Llarena-Reino et al. (2019) reported the same cystic forms.

The association of C. virgatum and P. instructa observed in the present study is well
known for a long time from different geographical areas around the world and particularly
from the Mediterranean Sea (Causey, 1960; Beckett, 1968; Garibaldi & Relini, 2003; Merella
et al., 2005; Massi et al., 2014) and appears to be particularly frequent on parasitic pennel-
lids. It is commonly considered as an opportunistic settler (Relini, 1980), probably related
to the characteristics of the external surface of Pennellids, that seem to be a favorable sub-
strate for the barnacle, C. virgatum (Marquez, 1990; Parnell, 2001).

Each of the two collected monogenean species (T. coccineum and T. integrum) pre-
sented a relatively high mean intensity (table 2), slightly higher than values previously re-
ported by Merella et al. (2003) (Im = 2.1-2.7) and are similar to those reported by Mattiucci
et al. (2005) (Im = 3.2-3.3). However, they were lower than those reported by Oktner et al.
(2010) (reaching 9 parasites infected host) in the Mediterranean Sea.

The morphological features of the collected monogeneans specimens correspond well
with those reported by Euzet & Quignard (1961). High infection of these two monogene-
ans may damage the tissues of the respiratory organ and especially the gill filaments and
thus, may cause low performance or non-functioning respiratory organ at very high infec-
tion rates by these parasites. Serious damages were observed by Kayis et al. (2010) from
Tristomella laevis (Monogenea, Capsalidae) from the Aegean Sea in Turkey on the gills of
X. gladius.

Lles (1971) noted that the presence of T. coccineum and T. integrum on a swordfish
from the Mediterranean suggest that these monogenetic flukes may be useful as biological
tags to distinguish populations of the swordfish.

Xiphias gladius is a new host record for Hysterothylacium aduncum in the studied
region. However, its presence in X. gladius from the Atlantic was already known (Hogans
et al., 1983; Castro-Pampillon et al., 2002 b). A low prevalence and mean intensity were
recorded for this nematode species in present study (table. 2). The here detected values for
these indexes are distinctly lower to those reported by Smith et al. (2007). These authors re-
ported a heavy intensity from X. gladius caught oft New Zealand and New Caledonia. This
low index values could be explained by an accidental infection acquired from preys, by the
trophic behavior of the host (absence of preys enhancing infection by parasitic nematodes).
According to Ceyhan & Akyol (2017), major prey categories in stomachs of swordfish in
the Aegean Sea were 88.7 % of teleost fishes, especially Engraulis encrasicolus, Sardina pil-
chardus and other fish species; Cepola macrophthalma, Merluccius merluccius, Scomber
japonicus and Sardinella aurita. Saadi et al. (2020) reported that those teleost fishes are
potential host for Nematoda and noted a high infection by Hysterothylacium spp. Low in-
fection by parasitic nematodes prevents to their damages. Additionally, in Algeria, several
researchers have reported the presence of Hysterothylacium spp. in several teleost species
(Ichaal et al., 2015, 2016; Ider et al., 2018, Saadi et al., 2020; Ramdani et al., 2020). Accord-
ing to Ichalal et al. (2016), the parasitic load of nematodes in female gonads of Trachurus
trachurus can cause intersexuality. The histopathological study of the gonads in this study
revealed the simultaneous presence of oocytes at different stages of development and male
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tissue characterized by structures similar to seminiferous tubules with the predominance of
spermatogonia. The histological examination of the gonadal parenchyma of Pagellus eryth-
rinus specimens infected with Philometra filiformis performed by Saadi et al. (2019) showed
remarkable tissue damage and induces almost total replacement of the parenchyma and
hemorrhagic lesions and even affects the reproductive capacity of the infected fish when a
large number of oocytes are degenerated by the parasitic load of P. filiformis. Another study
of Saadi et al. (2020) showed that parasitic nematodes can affect the physiological functions
of fish.

The checklist of metazoan parasitic fauna of X. gladius from different localities of the
world confirms that this fish is infected by numerous and various parasite species (table 3).
Cestoda and Nematoda are the most diversified parasite groups in all its repartition with 29
and 23 species, respectively. The crustacean group presents 11 species and the remaining
groups count less than 10 species, while the Acanthocephala parasite group represents
only 2 species (table 3). Among the 79 known parasite species recorded from X. gladius,
61 species were recorded in the Atlantic Ocean, Pacific and Indian Oceans count only 11
and 2 respectively (table 3). The great number of works conducted on the parasite fauna
of swordfish from the Atlantic Ocean may explain the recorded high parasite diversity
compared to those realized in the other geographical areas, including the Mediterranean
Sea (table 3). In the Mediterranean Sea 24 species were reported (approximately 1/3 of the
species diversity known in the 3 Oceans: Atlantic, Pacific and Indian). This large difference
in parasitic fauna diversity between X. gladius from Atlantic Ocean and X. gladius from the
Mediterranean Sea may be related to the abundance of preys or intermediate hosts (food
availability) enhancing infection by Cestoda and Nematoda (in Atlantic). The parasitic
diversity of this fish may be also related to its migration. Its displacement from an area to
another, may enhance the feeding on diverse preys (potential intermediate hosts) favoring
therefore parasitism. Garcia et al. (2011) stated clearly that the parasite fauna of X. gladius
maybe used as a potential indicator to its biological and ecological (displacements) traits.

Xiphias gladius caught off the Algerian coast is infected by 4 parasite species only of
which one species, Pennella instructa, can be found associated with an epibiont species
(Cirripedia). This association was reported only in the Mediterranean Sea (table 3). Finally,
more investigation must be done on the parasitic fauna of X. gladius from the Mediterranean
Sea and particularly in the Algerian coasts for its clearer evaluation.

We warmly thank the fishermen who helped us in our sampling survey. We thank the anonymous referees
for their time in carefully reviewing our manuscript; we believe that their positive comments substantially
improved this article.
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