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Abstract: Between 2015 and 2018, a total of 1656 fish specimens belonging to four elasmobranch species was
collected from the Tunisian coast and examined for isopods. Two species of Cirolanidae, Natatolana borealis
and Natatolana neglecta, are reported for the first time from the Tunisian coast. This study presents new data
on the morphology, distribution and behaviour of the two species. This is the first record of Natatolana borealis
on Mustelus mustelus, Mustelus punctulatus and Scyliorhinus canicula, and of Natatolana neglecta on the
elasmobranch Raja clavata. The scavenging behaviour of N. borealis and N. neglecta on elasmobranchs
showed that these two species present similar behaviour. We also noted that their impact on fisheries in the first
hours of infestation was negligible as the infested fish specimens did not show any external or internal damages.

Résumé : Morphologie et comportement de charognards de deux especes du genre Natatolana (Crustacea :
Isopoda : Cirolanidae) attaquant les élasmobranches des cétes tunisiennes. Entre 2015 et 2018, un total de
1656 spécimens de poissons appartenant a quatre espéces d’élasmobranches a été récolté sur la cote
tunisienne et examiné pour rechercher des isopodes. Deux espéeces de Cirolanidae, Natatolana borealis et
Natatolana neglecta, sont signalées pour la premiere fois sur les cbtes tunisiennes. Cette étude présente de
nouvelles données sur la morphologie, la distribution et le comportement de ces deux especes. En effet, c’est
la premiére mention de Natatolana borealis sur Mustelus mustelus, Mustelus punctulatus et Scyliorhinus
canicula. |l s’agit également de la premiére mention de Natatolana neglecta sur une espéce d’élasmobranche,
Raja clavata. De surcroit, nous avons pu déterminer que ces deux especes d’isopodes présentent un
comportement similaire. En outre, nous avons constaté que les spécimens de poissons infestés ne présentaient
aucun dommage externe ou interne, prouvant ainsi que I'impact de ces isopodes durant les premiéres heures
d’infestation était négligeable.

Keywords: Natatolana borealis e Natatolana neglecta e Cirolanidae e Scavenger e Elasmobranchs e Tunisia
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Introduction

The family Cirolanidae Dana, 1852 (Crustacea:
Isopoda) includes free-living, scavenging and
predatory carnivorous species. Some of these
species are consistent components of benthic
scavenger assemblages worldwide, attacking both
living and dead animals and therefore, playing an
ecologically important role in the marine environments
and associated food webs (Bruce, 1986; Biernbaum &
Wenner, 1993; Keable, 1995). Moreover, these
isopods are occasionally reported scavenging human
cadavers (Nagano et al, 1963; Tiemensma et al.,
2017)

Species of this family are among the most
abundant isopods of shallow marine environments
(Keable, 2006 and references cited therein). The
family of Cirolanidae has a high species diversity with
the third-largest number of species of any marine
isopod family (Poore & Bruce, 2012).

Among the cirolanid isopods, Natatolana Bruce,
1981 is the second-largest genus with species found
in all oceans other than the Arctic Ocean (Bruce,
2003). Six species of Natatolana are known from the
North Atlantic and some localities of the
Mediterranean Sea (Keable, 2006). These species
are N. caeca (Dollfus, 1903), N. gallica (Hansen,
1905), N. gracilis (Hansen, 1890), N. neglecta
(Hansen, 1890), N. borealis (Lillieborg, 1851) and N.
imicola (Dollfus, 1903) (Keable & Bruce, 1997).
Species of this genus are known to have a significant
impact on fishes with some species that attack living
or trapped fish, therefore having potential commercial
impacts on fisheries (Brusca et al., 1995; Mizzan,
1995).

The Mediterranean Sea has a rich diversity of
elasmobranchs, with 85 reported species. Some of
them have an important economic interest in many
countries with a high consumption rate (Bradai et al.,
2012). Consequently, in recent years, elasmobranch
species, which were considered by-catch, have
become the object of directed artisanal longline
fisheries (Bradai et al., 2005).

However, despite the ecological and economic
interest of Natatolana species, few studies of the
diversity, morphological variation or the scavenging
behaviour of these species have been carried out in
the Mediterranean until now. In this work, we aimed to
focus on the diversity of Cirolanidae attacking
economically important elasmobranchs off Tunisian
coasts in order to understand their scavenging
behaviour on fish restrained on lines and their impact
on these capture fish.

Materials and Methods

This study is part of an ongoing research project that
aims to investigate the diversity of ectoparasites
(copepods and isopods) infesting elasmobranch
fishes in Tunisian waters.

Sampling area and fish collection

Between September 2015 to September 2018, 1656
line-caught fish belonging to four species of
elasmobranchs (Table 1) were collected weekly from
fishermen specializing in direct capture of
elasmobranchs. The fish species collected were
chosen for their economic interest. As this work was
part of an ongoing project that aims principally to
study ectoparasites that need to be alive, fish
specimens were captured using longlines. These
longlines are left at the bottom of the ocean in the
evening for up to eight hours and then recovered. The
depth range of these lines varies between 20 and 50
meters. The most frequented fishing areas are mainly
located at depths of 20 to 100 meters. The sampling
area includes the Bay of Bizerte (37°16°25"N-
9°53'14"E), the Gulf of Tunis (37°00°0.00"N-
10°29’59.99"E), the Gulf of Hammamet
(36°04°60.00"N-10°44'59.99"E) and the Gulf of Gabes
(34°00°0.00"N-10°30’0.00"E) (Fig. 1).

The Bay of Bizerte and the three gulfs are
characterized by sandy bottoms (Masri, 1996; Ben
Amor et al., 2003; Brahim & Chkioua, 2007; Brahim &
Nabli, 2016).

Sampled elasmobranchs were transported directly
to the laboratory in a cooler and examined the same
day for the presence of isopods. Collected fish
species were identified according to Fisher et al.
(1987), and nomenclature used follows Froese &
Pauly (2018 2019 in biblio ?).

Morphological identification of the collected isopods

All body parts (skin, fins, gills, mouth, cloaca and

Table 1. List of elasmobranchs fish examined from Tunisian
coast.

Fish species Nu.mber_of
examined fishes

Mustelus mustelus (Linnaeus, 1758) 480

Mustelus punctulatus Risso, 1827 216

Raja clavata Linnaeus, 1758 480

Scyliorhinus canicula (Linnaeus, 1758) 480

Total 1656
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Figure 1. Sampling sites, indicated by black stars.

internal organs) of each fish specimen were carefully
examined.

Some of the collected isopods (33 specimens) were
removed alive from the fish and fixed in 10% formalin
and then transferred in 70% ethanol to be preserved.
Before being dissected, they were cleared and stained
with lactic acid and then measured using an ocular
micrometre. Isopods were examined to identify the
different species with the aid of stereo and light
microscopy [LEICA DM 1000 (CMS GmbH, Wetzlar,
Germany)]. Natatolana species were identified using
Keable & Bruce (1997) and Keable (2006).

Scanning electron microscopy

To check morphological characters for identification,
some specimens were removed alive from the fish

and fixed in ethanol 100%, then dried using CO, in an
Emitech K850 critical point dryer. After mounting, the
specimens were coated with gold/palladium in a
Quorum Technologies SC7640 sputter coater and
examined with a Hitachi S-3400N scanning electron
microscope at an acceleration voltage of 10 kV.

Data analyses

Rates of infestation were evaluated using relative
abundance and mean intensity as defined by Margolis
et al. (1982) and modified by Bush et al. (1997).
Prevalence (P) check this correction as you give
values of prevalence in your table 3 was calculated
as the proportion of the number of individuals of a
particular isopod species infon a single fish species
regardless of whether or not the fish specimen is
infested by a given isopod and mean intensity (MI) as
the total number of isopods of a particular species
found in a sample divided by the number of fish
specimens infested with that isopod.

Results

From the 1656 elasmobranch specimens examined,
two cirolanid species, Natatolana borealis (Lillieborg,
1851) (Fig. 2) and Natatolana neglecta (Hansen,
1890) (Fig. 3), were identified for the first time from
Tunisia.

N. borealis was collected in the four different gulfs
of Tunisia and was found on three fish species
Mustelus mustelus (Linnaeus, 1758), M. punctulatus
Risso, 1827 and Scyliorhinus canicula (Linnaeus,
1758), while N. neglecta was gathered only from Raja
clavata Linnaeus, 1758 in the bay of Bizerte and the
Gulf of Tunis (Tables 2 & 3).

Morphological observation

All collected specimens were of the adult stage.
Indeed, we were able to collect 25 specimens (23
females and 2 males) (Table 2) of N. borealis and 12
specimens (females) of N. neglecta. The examination
of these two species allowed us to identify the
following morphological diagnostic characteristics:

Natatolana borealis
The interocular furrow is incomplete and does not
extend across the cephalon (Fig. 2A). The lateral
margins of the frontal lamina are straight. Antennae
approximately 0.4 times the body length, extending to
the posterior of pereonite 4 when flattened against the
body (Fig. 2B). The pereonites coxal plates’ furrows
are developed except for coxae 2 and 3 which are
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Table 2. Seasonal and geographic distribution of the collected Cirolanidae.

Isopod species Localities Number Seasons Sex
Natatolana borealis Bay of Bizerte 4 Autumn 2 females
Spring 1 female
Summer 1 female
Gulf of Tunis 6 Autumn 1female
Winter 1 female
1 male
Spring 2 females
Summer 1 female
Gulf of Hammamet 6 Autumn 2 females
Winter 2 females
Spring 1 female
Summer 1female
Gulf of Gabes 9 Autumn 1 female
Winter 1 female
Spring 3 females
1 male
Summer 2 females
Natatolana neglecta Bay of Bizerte 9 Autumn 1 female
Winter 1 female
Spring 4 females
Summer 3 females
Gulf of Tunis 3 Spring 3 females

Table 3. Fish species with their epidemiological characteristics, found to be infested by Cirolanidae. NEF: Number of examined
fishes, NIF: Number of infested fishes, P (%): Prevalence, MI: Mean Intensity.

Isopods Fish species NEF NIF A Mi Infestation site
Natatolana borealis Mustelus mustelus 480 12 0.037 15 Cloacae cavity
Mustelus punctulatus 216 5 0.023 1 Gills
Scyliorhinus canicula 480 2 0.004 1 Cloacae cavity
Natatolana neglecta Raja clavata 480 6 0.025 2 Nasal cavity
incomplete. Pleonite 4 posterolateral margins  margin (Fig. 2E & F). The distance between the

converge to an apex forming a broad acute point (Fig.
2C). The pleotelson is broad, its basal width
measuring approximately 0.96 times its length. It does
not present an anterodorsal depression. Its
anterolateral margins are convex. The posterolateral
margins are convex converging smoothly to a point;
with 8 robust setae (Fig. 2D). Pereopod 7 has a broad
basis, its width measuring 0.57 times its length;
anterior and posterior margins are convex with
plumose setae along the entire length of the posterior

anterior margin and the medial carina is less
important than between the posterior margin and the
medial carina (Fig. 2F). The pleopods have broader
exopods than endopods. The appendix masculina
(males) on pleopod 2 has a straight margin and it is
slightly shorter than the endopod. Endopods lateral
margins have a distinct acute projection forming a Y-
shape with the apex (Fig. 2E). Uropods are
characterized by shorter exopod than endopod;
approximatively 0.87 times the length of the endopod.
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UdC 5.00kV 64.2mm x45 SE 1/12/2018

UdC 5.00kV 23.9mm x25 SE 1/12/2018

UdC 5.00kV 29.7mm x20 SE 1/12/2018

UdC 5.00kV 30.0mm x60 SE 1/12/2018 500um

Figure 2. Scanning Electron Microscopy of Natatolana borealis (Liljeborg, 1851). A. Cephalon dorsal view. B. Cephalon and
pereopod 1-4 ventral view. C. Pleotelson lateral view. D. Pleotelson dorsal view. E. Pleopods and 7th pereopod ventral view. F. 7th
pereopod merus. G. 7th pereopod carpus and peropodus.
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Figure 3. Scanning Electron Microscopy of Natatolana neglecta (Hansen, 1890). A. Lateral view. B. Cephalon dorsal view. C.
Pleotelson and uropods dorsal view. D. Uropods dorsal view. E. 18t pereopod ventral view. F. 7th pereopod ventral view.
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Natatolana neglecta

The interocular furrow is moderately developed and
does not extend across the cephalon (Fig. 3B). The
lateral margins of the frontal lamina are straight.
Antennae approximately 0.3 times the body length,
extending to the posterior of pereonite 3 when
flattened against the body. All the pereonites coxal
plates’ furrows are strongly developed (Fig. 3A). The
propodus of pereopods 2 and 3 do not have any
robust setae on its anterolateral margin. Pereopod 7
has a broad basis, its width measuring 0.5 times its
length; its anterior and posterior margins are convex
with no plumose setae along the entire length of the
posterior margin (Fig. 3F). The distance between the
anterior margin and the medial carina is less
important than between the posterior margin and the
medial carina (Fig. 2F). The pleotelson is broad, its
basal width measuring approximately 0.84 times its
length. It does not present an anterodorsal depression
(Fig. 3C). Its anterolateral margins are almost straight
and angling posteriorly toward the midline. The
posterolateral margins are straight. They are
markedly angled to anterolateral margins. The lateral
margins converge smoothly to a point (Fig. 3C); with
11-12 robust setae. Pleonite 4 posterolateral margins
converge to an apex forming a broad acute point (Fig.
3A & C). Uropods are slightly shorter than the
pleotelson (Fig. 3C). The exopod is slightly shorter
than the endopod, 0-83 times the length of the
endopod (Fig. 3D). The exopod margin of Pleopod 1
is rounded while its endopod margin is narrow at
apex.

Indices of the collected Cirolanidae and infestation
sites

Relative abundance (A) and mean intensity (MI) of
each isopod species are reported in table 3.
Abundance is relatively low for both species
studied. N. borealis found on three different species
showed a relatively low prevalence. Its highest
abundance was recorded on M. mustelus (P = 0.037),
while it presents the lowest abundance recorded
during this survey (P = 0.004) on S. canicula (Table 3).
N. neglecta on R. clavata has a relatively low
abundance as well (P = 0.025). The mean intensity of
the two species was low and did not exceed 2 (Table 3).
Both species were collected from the body
cavities of the different fish species (cloacae, gills and
nasal cavities) (Table 3). However, during the
extraction of these species, we were not able to
observe any notable lesion or trauma.

Discussion

This survey allowed us to report the presence of two
Natatolana species (N. borealis and N. neglecta) for
the first time off the Tunisian coasts. Indeed, N.
borealis has been recorded in the North Atlantic
coasts and in the Mediterranean Sea (Kaim-Malka,
1997; Keable & Bruce, 1997; Johansen & Brattegard,
1998). N. neglecta is a widespread species with
records along the Atlantic coast of Europe (Rincon et
al.,, 2014). This species distribution reaches the
adjacent Atlantic coast of Africa, Spain and France
(Norman, 1904; Monod, 1930; Rincon et al., 2014).
However, this is the first record of these two species
in the southern banks of the Mediterranean Sea.
Moreover, we noted that N. borealis presented a
larger distribution along the Tunisian coast as it was
gathered from the different gulfs, while N. neglecta
was only found in the two northern gulfs of Tunisia. .

The morphological diagnostic and descriptive
generic characters of these two species correspond to
Keable & Bruce’s (1997) key and description to the
described Northern Atlantic and Mediterranean Sea
species of Natatolana. However, the Tunisian
samples of each species revealed slight
morphological differences which we interpret as
intraspecific variations.  Indeed, the collected
specimens of N. borealis off the Tunisian coast seem
to have fewer robust setae in the merus-propodus of
pereopod 1 than the specimens from Norway
described by Keable & Bruce (1997) and Keable
(2006). According to the present authors, the
described specimens have 17 robust setae and seven
slender setae on the posterior margin of the merus,
the carpus has 2 robust setae on its anterior margin
and the propodus have 5 robust setae on palm and a
row of small slender setae extending along two-thirds
of anterior margin. However, the collected specimens
during this work have only seven slender setae and
do not have any robust setae on the posterior margin
of the merus, the carpus do not have any robust setae
on its anterior margin and the propodus have 7 robust
setae on palm, and no setae are observed on its
anterodistal angle. Regarding N. neglecta, we noted
the presence of robust setae on the anterolateral
margin of the propodus and adjacent to the dactylus
of pereopd 1 of the collected specimen during this
survey. Moreover, their coxae and pleonite 4 are more
acute than the type material from Naples illustrated by
Keable & Bruce (1997).

These morphological variations may suggest that
these two species could be cryptic species. However,
to confirm this hypothesis an extensive morphological
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study and a molecular characterization are needed.

Furthermore, these two isopod species have been
the subject of many ecological investigations (Nilsson
& Nilsson, 1981; Nilsson, 1983; Lindstrom & Nilsson,
1983; Wong & Moore, 1995 & 1996; Lourido et al.,
2008; Revuelta et al., 2019). In fact, N. borealis has
been reported from a wide range of bony fishes
(Vader & Romppainen, 1985; Berrow, 1994; Keable &
Bruce, 1997). However, reports of its presence on
elasmobranchs are relatively scarce.

Previously, Bird (1981) reported this species on
sharks from Atlantic coastal waters off Florida and
Henderson et al. (2003) on Lamna nasus (Bonnaterre,
1788) in the west of Ireland waters. Therefore, we
believe that it is the first record of N. borealis on M.
mustelus, M. punctulatus and S. canicula.

In addition, N. neglecta was collected under
mussels’ rafts in Ria de Aldan (Spain) (Lourido et al.,
2008) and on the sea turtle Caretta caretta (Linnaeus,
1758) on the Mediterranean coast of Spain (Revuelta et
al,, 2019). However, this is the first report of the
presence of N. neglecta on any elasmobranch species.

Besides, during this survey, we noted that the two
isopod species were found on different fish species
yet never on the same fish; this is probably due to a
slight difference of habitats of the two isopod species.
Moreover, N. borealis presented a larger prey
spectrum (three different species) while N. neglecta
was only found on R. clavata. This may be explained
by the fact that N. borealis is a cosmopolitan species
which was gathered from many shark species while
N. neglecta was never reported before on
elasmobranchs.

Interestingly, we were able to notice that the two
Natatolona species presented similar scavenging
behaviour. Indeed, cirolanid species sometimes swam
in vast numbers and attack damaged fish, particularly
at dusk or at night (Wong & Moore, 1995; Stepien &
Brusca, 1985). However, the analysis of the different
infestation indices shows that the abundance and the
mean intensity of the two Natatolana species are
relatively low; this may be explained in part by the fact
that these fish specimens were very fresh during their
capture without any external bleeding or damage that
may attract scavengers. According to Johansen &
Brattegard (1998), the search of N. borealis for the
fish flesh is random which seems to be the case for N.
neglecta as well. This led us to assume that these
scavengers are more attracted to dead fishes than
those restrained on lines. Indeed, according to
Johansen & Brattegard (1998), within a short time, a
piece of dead fish was almost completely covered by
N. borealis. Moreover, it is worth considering the diet

of these two species which seem to infest teleostean
fish more often than elasmobranchs.

Moreover, the two Natatolana species have been
reported from the body cavities of fish which is
consistent with our results as we found these two
species on the cloacae cavity, gills and nasal cavities
of their prey. However, each fish species was targeted
in a precise cavity, this may be due to the morphology
of these species and the accessibility for the
scavenger species. Indeed, their mode of feeding on
large ‘targets’ is to burrow into the tissue and muscle
as they eat (Tiemensma et al., 2017). In one reported
case they attacked and killed sharks by eating their
way into the body cavity and destroying vital organs
(Bird, 1981). Specimens of N. neglecta caused
several holes in the esophagus wall of the turtle
(Caretta caretta) and inside the skull (Revuelta et al.,
2019). According to these authors, a hole found in the
right eye of the turtle could be the entry route followed
by the isopods, at least for the ones found in the skull
and other possible points of access could be the
mouth and nose.

However, during the examination of the different
fish species, we did not notice any external or internal
damage caused by either N. borealis or N. neglecta.
Indeed, according to Stepien & Brusca (1985), fish
infested by Natatolana borealis does not always show
any external signs of damage.

This work allowed us to confirm the presence of
Natatolana species off Tunisian coasts and on
elasmobranchs. Therefore, it would be interesting to
study their diversity on a larger scale (in their marine
environment and on bony fish) and their
morphological  (phenotypic) differences from
specimens of the North Atlantic. Moreover, we noted
that these two species presented similar scavenging
behaviour and impact.
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