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RESUME
Analyse préliminaire de la richesse spécifique desopépodes parasites des poissons chondrichtyens des
cotes tunisiennesUn travail préliminaire de récolte et d'observatitendifférentes zones prospectées en Tunisie
(baie de Bizerte, golfe de Tunis, golfe de Hammagtejolfe de Gabeés) nous a permis de constategramele
diversité d'élasmobranches. En effet, 15 espécpar@mant a 8 familles différentes ont été idededi et
examinées. Parmi celles-ci, certaines familles)gipalement les Triakidae, les Dasyatidae et lapddinidae,
ont fait I'objet d’'une étude approfondie en raigtenleur importance économique. Cette importantdibéosité
nous a incité a étudier les parasites des poisSbosdrichtyens, d’autant plus que la plupart depmssons
sont en voie de disparition en raison de leur &ibpbtentiel de reproduction, de la péche illégdlale la
pollution.
L'étude parasitologique effectuée sur ces espdeepoissons a révélé une grande diversité de cdpépo
parasites. En effet, nous avons signalé la préstamdd espéces différentes appartenant a 7 faniibegdiversité
de ces espéces est liée a certaines caractéesggo-biologiques et éthologiques des poissores hot
Mots clés:Poissons chondrichtyens, copépodes parasitesssetparasitaire, cotes tunisiennes.

ABSTRACT
A preliminary work of harvest and observations freamious prospected areas in Tunisia (Bay of Be&e@aulf
of Tunis, Gulf of Hammamet and Gulf of Gabes) eadhls to note a great diversity of Elasmobranah$adt,
15 species belonging to 8 different families weteniified and examined. Among these, some famitiesnly
Triakidae, Dasyatidae and Torpedinidae, have bleerstibject of an in-depth study because of the&in@wmic
importance in the fisheries. The great importantéhe biodiversity motivates us to study the pdessiof
Chondrichthyan fish, especially since most of thésk are in danger of extinction because of thHew
reproductive potential, catching by fisheries andugion.
The parasitological study of these fish speciegabad a great diversity of their parasitic copepdadact, we
reported the presence of 14 different species beigrto 7 families. The diversity of these spedgerelated to
to some eco-biological and ethological characiessif host fish.
Keywords: Chondrichthyan fish, parasitic copepods, paragiteness, Tunisian coasts.

INTRODUCTION However, little is known about these species
(Capapé, 1989; Bradai al, 2012) and only a few
With more than 1300 km of coastline, Tunisia is studies were carried out on them and on their
largely open to the two basins of the Mediterraneanparasites (Essafi, 1975; Neifar, 2001; Youssedl.,
Sea, the western basin by its north facade and th@016).
eastern basin by its east and south-east facatles. T Elasmobranchs infested by parasites suffer a yariet
position of Tunisia as well as the topography sf it of health issues which may include retarded
coast, allows for the existence of a particularly development of reproductive organs (Yano and
interesting marine and coastal biodiversity. Indeed Musick, 2000), reduced respiratory efficiency and
according to Bradaiet al. (2012), 61 species of anemia (Benz and Adamson, 1990; Heupel and
Chondrichthyan fish are reported on the TunisianBennett, 1998).
coast.
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In fact, Thresher shark gill filaments infectediwihe  epithelium exhibited in attachment sites (Kabata,
copepodNemesis robustaxhibited a diseased state 1970; 1984; Benz and Adamson, 1990).

(Benz and Adamson, 1990). Tissue erosion seeminglylherefore, in this survey, we will analyze the gitea
associated with the rasping effects of various pode richness of the harvested copepods according to
appendages and feeding activity was evident (Benzertain ecological and ethological characteristi€s
and Adamson, 1990). Copepod attachment close tthe host fishes and try to see which ones are more
secondary lamellae was associated with thereceptif to parasitic copepod infestation.

proliferation of both respiratory epithelium and

epithelium between the secondary lamellae. TissueMATERIAL AND METHODS

proliferation partially or completely occluded inte

lamellar water channels and probably compromisedBetween 2013 and 2015, 2651 specimen belonging to
respiratory efficiency by blocking water passage 15 different species of Chondrichthyan fishes,
between secondary lamellae (Benz and Adamsonincluding 8 families were examined for parasitic
1990). On the other hand, the degenerative processopepods (Tab. I).

may extend beyond the epithelial layer resulting in

responsive hyperplasia and necrosis of the gill

Table I: Fish species collected in Tunisia

Family Host species Number of examined| Mean
fish Lengh

Myliobatidae Aetomylaeus boviny&eoffroy Saint-Hilaire, 1817) 11 80-230 cm

Bathytoshia centroura (Mitchill, 1815) 176 90-211 cm
Dasyatidae

Dasyatis pastinacélLinnaeus, 1758) 164 30-55 cm

Pteroplatytrygon violacea (Bonaparte, 1832) 28 47-52 cm
Rajidae Dipturus oxyrinchugLinnaeus, 1758) 14 42-59 cm

Raja clavatalLinnaeus, 1758 480 51-82 cm
Gymnuridae Gymnura altavelgLinnaeus, 1758) 22 57-61 cm

Mustelus mustelud.innaeus, 1758) 542 45-98 cm
Triakidae

Mustelus punctulatuRisso, 1827 278 48-91 cm

Galeorhinus galeuélinnaeus, 1758) 64 110-154 cin
Scyliorhinidae Scyliorhinus caniculgLinnaeus, 1758) 516 29-62 cm
Squalidae Squalus blainvillg€Risso, 1827) 91 47-71 cm

Torpedo marmoratdisso, 1810 63 31-49 cm
Torpedinidae

Tetronarce nobiliana(Bonaparte, 1835) 60 32-47 cn

Torpedo torpeddLinnaeus, 1758) 142 28-45 cm
Total 2651

Fish were caught weekly (Tab. IlI) in the bay of Name, size and weight of the fish as well as the
Bizerte, the Gulf of Tunis, the Gulf of Hammamet sampling sites were specified. Their body area,tmou
and the Gulf of Gabes (Fig. 1). cavity, gills chambers and cloacae areas were
A summary table of the different fish species examined under a binocular microscope for parasitic
examined in the different sampling sites during thecopepods. The gill arches were removed after two
different seasons is given in Table II. incisions, ventral and dorsal, and were placedeitni P
The host species were identified using Whitehetad dishes containing sea water.

al. (1986), Fisheret al. (1987) and Séret (2006).
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The parasites were removed from the fish, countedpreparations in lactophenol under a dissecting
and sorted to species. Subsequently, specimens wemicroscope. Measurements were made using an
cleared in lactic acid for 2 hours prior to exantima  ocular micrometer. Parasite species identificatiais
using stereo and light microscopy. Specimens werelone at the Natural History Museum of London and
dissected on glass-slides and mounted temporarily

Bay of Bizerte

Mediterranean Sea

If of Tunis]

Gulf of

Gulf of Gabes

Figure 1: Sampling sites

based on morphological features according toParasitological diversity

Yamaguti (1963), Kabata (1964; 1979), CresseyA parasitological study of these fish species riacka
(1967), Deets (1994), Ho and Kim (2004) and a great diversity of parasitic copepods. In facg w
Boxshall and Halsey (2004). found fourteen species belonging to seven different
To compare the results of the parasitic richndss, t families (Eudactylinidae, Lernaeopodidae,
non-parametric statistical tests (Mann Whitney andPandaridae, Caligidae, Trebiidae, Sphyriidae and
Kruskal-Wallis) were used using the STATISTICA Kroyeriidae) (Tab. lll; IV). Five different speciese

10 software. The differences obtained wererecorded for the first time in Tunisia (Tab. IIV)

considered significant at the 5% level. namely Pseudocharopinus malleus, Perissopus
dentatus Nesippus orientalis, Caligussp. and
RESULTS Kroyeriasp.
Localization on the host: Our survey showed that si
Ichthyological diversity main body areas were infested by parasitic copepods

The 15 fish species examined are very diversedim th in Tunisian fishes namely gills, oral cavity, spies,
taxonomic status (Myliobatidae, Dasyatidae, Rajidae  flank, cloacae cavity and dorsal fin (Tab. II).
Gymnuridae, Triakidae, Scyliorhinidae, Squalidae Analysis of the copepod species richness: Among the
and Torpedinidae) (Tab. 1), in their behavior fifteen species examined, seven were parasitized an
(gregarious, solitary; migrant with the change of eight appeared not to be parasitized by parasitic
environment (Mi) or migrant without the change of copepods. In other words, about 46 % of examined
environment (Mo) and their habitat (benthic, petagi species were infected by parasitic copepods. The
or demersal). In fact, among the fish species (Tab. species richness varies remarkably as two fishispec
1), eight are gregarious, five are solitary; tame  (Torpedo marmorataRisso, 1810 andscyliorhinus
benthic, four are pelagic, ten are demersal; s& ar canicula(Linnaeus, 1758)) are parasitized by a single
migrant with change of environment and nine arecopepod species, whereas only one fish species,
migrant without change of environment (Tab. II1). Mustelus mustelud.innaeus, 1758), hosts seven
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Table 1l: Number of individuals, season and sampling ar¢hehost species

Bay of Bizerte Gulf of Tunis Gulf of Hammamet Gulfof Gabes
Host A W Sp Su A W Sp Su A W Sp Su A W Sp Sy Total
Aetomylaeus bovinus 3 2 0 0 0 0 0 0 0 0 0 0 0 6 0 0 11
Bathytoshia centroura 5 2 5 4 8 9 12 5 2 4 7 3 26 24 3d 30 176
Dasyatis pastinaca 4 0 5 9 10 6 6 7 9 7 15 12 15 20 14 21 164
Pteroplatytrygorviolacea 0 0 0 0 0 0 0 0 0 0 0 0 5 3 12 8 28
Dipturus oxyrinchus 1 0 0 0 2 3 0 2 0 0 0 0 0 5 1 0 14
Raja clavata 30 30 30 30 30 30 30 30 30 30 3d 30 3p 30 30 B0 480
Gymnura altavela 0 0 0 0 0 0 0 0 0 0 0 0 0 18 4 0 22
Mustelus mustelus 30 30 30 30 30 45 45 30 30 30 3d 30 30D 45 47 B0 842
Mustelus punctulatus 10 4 11 11 36 35 10 16 7 1 6 6 3( 30 3b 30 278
Galeorhinus galeus 19 18 12 15 0 0 0 0 0 0 0 0 0 0 0 64
Scyliorhinus canicula 30 30 30 30 30 40 39 30 30 30 3( 30 3P a1 36 B0 516
Squalus blainville 31 34 15 11 0 0 0 0 0 0 0 0 0 0 0 0 91
Torpedo marmorata 0 0 0 0 12 7 19 25 0 0 0 0 0 0 0 0 63
Tetronarce nobiliana 0 0 0 0 9 11 22 18 0 0 0 0 0 0 0 0 60
Torpedo torpedo 0 0 0 0 30 29 38 45 0 0 0 0 0 0 0 0 142
Caption: A: Autumn; W: Winter; Sp: Spring; Su: Summer
Table Ill: Host species, their characteristics and their jfira®pepods
Host species Characteristics of| NEF NIF | PR Copepod species Infested region P (%b IM A
host species
Aetomylaeus bovinus G.B.P.Mo 11 0 * Fkkkk ke o i o
(Compagneet
al.,1989 ; Brito,
1991)
Bathytoshia centroura G.D.Mi 176 4 6 Eudactylinella alba Gills 2.27 1 0.022
(Bigelow and 1 Eudactylina insolens Gills 0.56 1 0.005
Schroeder 1953 ; 6 Pseudocharopinus bicaudatug Spiracles, gills and cloacag 3.40 15 0.051
Bernarde<t al., Gills
2005) 6 Pseudocharopinus concavus Gills 3.40 1 0.034
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1 Lernaeopoda galei Gills 0.56 1 0.005
6 Nemesis lamna vermi 3.40 6.33 | 0.227
Dasyatis pastinaca G.D.Mi 164 6 3 Eudactylinella alba Gills 3.65 15 0.054
(Brito, 1991) 8 Pseudocharopinus malleus Gills 4.87 1 0.048
2 Trebius caudatus 1.21 1 0.012
Gills
Pteroplatytrygon violacea G.P.Mo 28 0 *x ek il ok hx ok
(Ebert, 2003;
Mundy, 2005)
DIthI’US Oxyrlnchus DMO 14 0 *% kkkkkkk kkkkkkk *kk *kk *k%
(Breder and Rosen
1966; Stehmann,
1995)
Raja clavata S.D.Mo 480 1 2 Caligussp. Flanc 0.20 6 0.012
(Holden, 1975; 4 Lernaeopoda galei Cloacae cavity 0.83 1 0.008
Hunteret al.,2005;
Lastet al.,2016)
Gymnura altavela DM| 22 0 ** *kkkkk *kkkkk *kk *kk *k%
(Brito, 1991)
Mustelus mustelus G.D.Mo 542 9 7 Eudactylinella alba Gills 1.66 15 0.016
(Mytilineou et al, 19 Kroyeria lineata Gills 3.50 1 0.035
2005) 5 Kroyeria sp. Gills 0.92 1 0.009
15 Lernaeopoda galei Cloacae cavity 2.76 1.2 0.027
4 Perissopus dentatus Dorsal fin 0.73 1 0.007
2 Nesippus orientalis Buccal cavity 0.36 1 0.003
2 Tripaphylus musteli Buccal cavity 0.36 1 0.003
Mustelus punctulatus G.D.Mo 278 7 2 Lernaeopoda galei Cloacae cavity 2.51 1 0.025
(Compagno in prep
1 Eudactylina insolens Gills 0.35 1 0.003
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Galeorhinus galeus G.P.Mi 64 0 o Fkek ek el el bl
(Compagno, 1984;
Riede, 2004)

Scyliorhinus canicula G.D.Mo 516 1 1 Eudactylina alba Gills 0.19 1 0.001

(Sims, 2003 ;

Mytilineou et al,
2005)

Squalus blainvillei S.D.Mi 91 0 o ko ek T ki e
(Mytilineou et al.,
2005)

Torpedo marmorata S.B.Mi 63 1 1 Pseudocharopinus malleus Cloacae cavity 1.58 1 0.01%
(Capapé and
Desoutter, 1990)

Tetronarce nobiliana S.P.Mo 60 0 *x Fkokkdx Tk T** b i bl o
(Anonymous, 2000)

Torpedo torpedo SDMO 142 O *%* *kkkkk *kkkkk *k% *kk *k%
(Capapé and
Desoutter, 1990)

Caption: *: No parasitic copepods, NEF: Number of examiffistl, NIF: Number of infested fish, PR: Parasitichness; B.P: Benthopelagic, D: Demersal, P: Rgldg: Gregarious, S:
Solitary, Mi: Migrant with change of environment,oviMigrant without change environment, P: Prevadeidl: Mean Intensity, A: Abundance

Table IV: Presence of the parasitic copepod species onffleeedit host species

Parasitic copepods Aetomylaeus bovinug Bathytoshia Dasyatis pastinacd Pteroplatytrygon Dipturus Raja clavata Gymnura
centroura violacea oxyrinchus altavela
Eudactylinella alba - + + - - - -
Eudactylina insolens - + - - - - B
Pseudocharopinus bicaudatug - + - - - - B
Pseudocharopinus concavus - + - - - - B
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Pseudocharopinus malleus

Lernaeopoda galei

Nemesis lamna vermi

Trebius caudatus

Caligussp.

Perissopus dentatus

Nesippus orientalis

Tripaphylus musteli

Kroyeria lineata

Kroyeria sp.

Parasitic copepods

Mustelus
mustelus

Mustelus
punctulatus

Galeorhinus
galeus

Scyliorhinus
canicula

Squalus
blainvillei

Torpedo
marmorata

Tetronarce
nobiliana

Torpedo
torpedo

Eudactylinella alba

+

+

Eudactylina insolens

+

Pseudocharopinus bicaudatus

Pseudocharopinus concavus

Pseudocharopinus malleus

Lernaeopoda galei

Nemesis lamna vermi

Trebius caudatus

Caligussp.

Perissopus dentatus

Nesippus orientalis

Tripaphylus musteli

Kroyeria lineata

Kroyeria sp.

+| | ] +]

Caption: (-): absent;«): present
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parasites.Bathytoshia centrourgMitchill, 1815) is 1758) with three parasitic copepods speciaja
parasitized by six copepod species (Tab. IlI). clavata Linnaeus, 1758and Mustelus punctulatus
On the other hand, many fish species are naturallRisso, 1827%vere infested by two species of parasites
infested with a high number of parasitic species,each and finally the lowest parasitic richness was
others by only one copepod species (Benmansour &egistered onScyliorhinus caniculaand Torpedo
Ben Hassine, 1998). This character of the divexsity marmorataRisso, 1810(only one parasite species).
infestation is referred to as “parasitic richness” However, Aetomylaeus bovinugGeoffroy Saint-
(Combes, 1995). We analyzed some eco-ethologicaHilaire, 1817) Pteroplatytrygon violaceéBonaparte,
variables like habitat (benthic or pelagic); migsat  1832), Dipturus oxyrinchus (Linnaeus, 1758)
patterns (migratory with or without environment Gymnura altavela(Linnaeus, 1758) Galeorhinus
change) and behavior (solitary or gregarious) (Tab.galeus(Linnaeus, 1758)Squalus blainvillei(Risso,

) to investigate correlations between these 1827), Tetronarce nobilianaBonaparte, 1835and
characteristics and parasite species richnessTorpedo torpeddLinnaeus, 1758) did not reveal the
Furthermore, we analyzed the copepod speciepresence of any parasitic copepod species (Tab. llI
richness according to taxonomical variables (fish

families and species). b)Host family
Among copepod species, eight infested the
a)Host species Dasyatidae and the Triakidae, two the Rajidae and

In this study,Mustelus mustelupresent the highest one the Scyliorhinidae and the Torpedinidae (Fjg. 2
parasitic richness with seven copepod species (TakHowever, the Myliobatidae, the Gymnuridae and the
Ill). Bathytoshia centrourawas infested by six Squalidae did not reveal the presence of any garasi
parasite species anbasyatis pastinacglinnaeus, copepod species.
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Figure 2: Parasitic richness per host family
c)Bio-ethological characteristics ¢f the species The difference between the parasitic richness agdh
hosts two fish categories is highly significani (Kruskal
Some eco-ethological characteristics were retaioed Wallis test: p< 0.0001<0.05).
analyze species richness of copepods parasitizingdabitat: A comparative analysis of the parasitic
Tunisian elasmobranchs: behavior, habitat andrichness of the host species from a variety of tasbi
migration (Tab. Ill). Other characteristics (weight shows that demersal fish species clearly have the
maximal size of the adult fish, color and diet) @i  highest parasitic richness (PR=15) and benthiefish
analysis did not reveal any correlation with pdrasi have the lowest parasitic richness (PR=1) (Tah. Il
richness will not be presented in this study. The differences of the parasite species richness fr
Behavior: The analysis of parasitic richness among demersal and benthic fishes are highly significant
gregarious and solitary fish demonstrates that(Kruskal — Wallis test: p< 0.0001< 0.05)
gregarious fish have the highest parasitic richnesdMigration: There are no sedentary fish in our
(PR=14). sampling. The analysis of the parasite richneghef
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migratory fish (with or without change of were restricted to a single host species in our
environment) indicates that the migrant fish withou samples) Caligus sp infested onlyRaja clavata
change of environment present the highest parasiti¢Table V), Pseudocharopinus bicaudatuirayer,
richness (PR=10). Differences in parasite richridss 1837) infested only Bathytoshia centroura,
migrating fish without environment change and thosePseudocharopinus concavu@Vilson C.B., 1913)

of migrating with environment change is significant parasitized only Bathytoshia centroura and
(Kruskal-Wallis test: p<0.0001< 0.05). Perissopus dentatu$teenstrup and Lutken, 1861
Parasitic specificity infested onlyMustelus musteljgTables IlI, V).

The study of parasitic specificity revealed thatdfO

the species are oioxenous (strict copepod spdyifici

Table V: Parasitic specificity of copepod parasite

Families Species of parasitic copepod Specificity
Eudactylinidae Eudactylinella alba Euryxenous
Eudactylina insolens Euryxenous
Nemesis lamna vermi Oioxenous
Lernaeopodidae Pseudocharopinus bicaudatus Oioxenous
Pseudocharopinus concavus Oioxenous

Pseudocharopinus malleus Euryxenous

Lernaeopoda galei Euryxenous
Trebiidae Trebius caudatus Oioxenous
Caligidae Caligussp. Oioxenous
Kroyeriidae Kroyeria lineata Oioxenous
Kroyeria sp. Oioxenous
Pandaridae Perissopus dentatus Oioxenous
Nesippus orientalis Oioxenous
Sphyriidae Tripaphylus musteli Oioxenous

On the other hand, only 4 species presentedimited by many factors such as the number of
euryxenous specificity and have infested severalexamined fish, the locality and the period of
species belonging to different families (Example: investigation, it might not be representative anig t
Eudactylina insolensScott T. and Scott A., 1913 pourcentage  would probably  have been
infested Bathytoshia centroura and Mustelus underestimated. The majority of the collected
punctulatus Eudactylinella albawilson C.B., 1932 copepods are gill parasites, indicating that thieogi
parasitized Bathytoshia centroura Dasyatis most fish species represents a preferred biotope fo
pastinaca Mustelus mustelusand Scyliorhinus  many parasites (Benmansour, 2001).

caniculaand finally,Lernaeopoda galekragyer, 1837  For the two families (Myliobatidae and Gymnuridae),
infested Bathytoshia centroura, Raja clavata the absence of parasitic copepods is probablyaae t
Mustelus punctulatusnd Mustelus mustel)s(Tab. sampling problem. Indeed, only eleven Myliobatidae

IV; V). specimens and 22 Gymnuridae specimens were
examined. On the other hand, for Squalidae (91
DISCUSSION examined specimens), the absence of parasitic

copepods is probably due to other factors suclhes t
About 46 % of examined species were infected byarea of prospection which would probably not
copepod parasites in Tunisia. Since this study is coincide with the favorable site for infestationtbé
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