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ABSTRACT. — The angular rough shark Oxynotus centrina (Squaliformes; Oxynotidae) and the
picked dogfish Squalus acanthias (Squaliformes; Squalidae) are known as vulnerable deep-sea
shark species by the International Union Conservation Nature (IUCN). Pandarus bicolor
(Copepoda, Pandaridae) is reported for the first time on angular rough shark and picked dogfish

from Turkish waters, during a demersal fish stock assessment in the Sea of Marmara. This para-
sitic copepod was found both on the body surface and fins of the hosts. Although this parasite is
reported from several shark species, its occurrence has never been reported from the angular
rough shark in the world. In this paper, morphological characters belonging to P. bicolor sam-
ples were assessed and described through photos and drawings.

INTRODUCTION

The total length of the Turkish coast is 8,333 km,
including the Black Sea, the Mediterranean Sea, the Aege-
an Sea and the Sea of Marmara (Kili¢ 1999). The Sea of
Marmara is a small continental sea located between the
Aegean Sea and the Black Sea, connected to these seas by
the Dardanelles Strait and the Bosphorus Strait, respec-
tively (Gerin et al. 2013). The marine fish diversity of
Turkish waters includes 512 fish species. Among these
species, 257 species were reported only in the Sea of Mar-
mara (Bilecenoglu ez al. 2014).

Fish parasites harbour a large number of highly diverse
species. Despite its high fish diversity, the parasite com-
munity in the Sea of Marmara has not been investigated
thoroughly. However, Akmirza (2016) reported 59 spe-
cies (7 monogeneans, 19 digeneans, 6 cestodes, 3 nema-
todes, 5 acanthocephalans, 2 hirudineans, 8 copepods and
9 isopods) in his checklist of parasite species from the Sea
of Marmara. This number of parasite species is very low
compared to the total number of fish species (257) report-
ed for the Sea of Marmara.

The angular rough shark Oxynotus centrina (Linnaeus,
1758) is a rare and deep-sea shark. It is found across con-
tinental shelves and upper slopes at depths between 30
and 800 m (Kabasakal 2009). Its distribution includes
the eastern Atlantic, the Mediterranean Sea and the Sea
of Marmara (Serena 2005). This species has no economic
importance in the Mediterranean Sea, being a non-target
species both for professional and recreational fisheries.
It is generally a bycatch species, often discarded because
local fishermen believe that it brings bad luck. Globally,
the angular rough shark is considered as a vulnerable

species by the World Conservation Union’s Red List of
Threatened Animals (Bradai et al. 2007, ITUCN 2018).
Although there are several studies about the reproductive
biology (Capapé et al. 1999), feeding habits (Barrull &
Mate 2001, Capapé 2008), morphology (Megalofonou &
Dalamas 2004) and distribution (Dragicevic et al. 2009)
of Oxynotus centrina, there are very little data concern-
ing its parasite fauna. In fact, only two cestode species
(Gymnorhynchus gigas, Molicola sp.) were listed by
Pollerspock & Straube (2018). Other records concerning
the parasite species affecting O. bruniensis are reported in
Beverley-Burton et al. (1987) and Whittington & Kearn
(2011).

The picked dogfish, Squalus acanthias, is distrib-
uted worldwide, including the Atlantic continental shelf
(Menni & Lopez 1984). It is a viviparous species, that
forms schools segregated by size and sex (Alonso et al.
2002). Twenty-three parasitic copepods species were
listed from picked dogfish by WoRMS (2019). There are
several records of P. bicolor on §S. acanthias reported by
various researchers (Hewitt 1967, Boxshall 1974, Hen-
derson et al. 2002).

Representatives of the family Pandaridae include
ectoparasitic copepods on the fins and body surface of
elasmobranch hosts. Members of this family have char-
acteristic attachment organs, named adhesion pads, with
rough surfaces facilitating strong attachment to the host
(Kabata 1988). The adhesive surface of the pad is formed
of a thick cushion of skin whose outer layer is raised into
ridges similar to those in the epidermis on the palms of
our hands (Wilson 1907). A total of 64 species belonging
to 23 genera of Pandaridae were listed by Walter & Box-
shall (2019). Several studies mention pathological effects
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of pandarid species on their hosts (Benz 1980, Benz &
Adamson 1990, Borucinska & Benz 1999). Therefore, the
parasite diversity of O. centrina should be more deeply
investigated to better understand the biology of this little-
known shark. In this study, we present for the first time
the occurrence of P. bicolor Leach, 1816 on the angular
rough shark. We also report data regarding the infestation
rates of P. bicolor on S. acanthias.

MATERIALS AND METHODS

The angular rough shark, Oxynotus centrina (Linnaeus,
1758) (Squaliformes; Oxynotidae) (n = 16) and the picked dog-
fish Squalus acanthias Linnaeus, 1758 (Squaliformes; Squali-
dae) (n = 126) were caught in nets by trawling in the Sea of Mar-
mara, Turkey during a demersal fish stock assessment project
in 2017-2018. The hosts were examined for parasitic copepods.
Collected copepod samples were fixed in 70 % ethanol. Some of
them were cleared in lactic acid for a minimum of 24 h. Cope-
pod specimens were dissected out by using Wild M5 and Leica
M140 stereo microscopes. All drawings were made with the aid
of a drawing tube (Olympus BH-DA). Photos were taken with
the aid of a Canon camera (EOS 1100D) connected to the micro-
scope. Identifications and comparisons were performed accord-
ing to Scott & Scott (1913), Cressey (1967), Hewitt (1967),
Kabata (1979) and Kabata (1992). Scientific names, synonyms
of parasites, and hosts were checked with WoRMS (2019), Fro-
ese & Pauly (2019) and Pollerspock & Straube (2018).

RESULTS AND DISCUSSION

Female and male samples belonging Pandarus bicol-
or were identified from Oxynotus centrina and Squalus
acanthias (Fig. 1).

Fig. 1. - Pandarus bicolor specimens on the anal fins of Squalus
acanthias (A: 30 cm, B: 5 cm)

Order SIPHONOSTOMATOIDA Thorell, 1859

Family PANDARIDAE Milne Edwards, 1840

Genus Pandarus Leach, 1816

Pandarus bicolor Leach, 1816 (Figs 1-10)

Fig. 3. — Adhesion pads on different places of female body of
Pandarus bicolor (ap: adhesion pad) (bar: 1 mm).

Female description (Figs 2-7, Table I): Body 6.52 mm
(6.2-7 mm excluding egg sac,n = 5). Cephalosome wider
2.56 mm (2.59-2,63) than long 2.42 mm (2.32-2,67). Sec-
ond thoracic plate wider 2.23 mm (1.98-2.5) than long
0.28 mm (0.25-0.31). Third thoracic plate wider 1.5 mm
(1.47-1.55) than long 0.78 mm (0.74-0.89). Fourth tho-
racic plate wider 2.41 mm (2.3-2.56) than long 1.65 mm
(1.39-1.76). Genital complex longer 2.47 mm (2.29-2.66)
than width 2.15 mm (2.03-2.34). Abdomen a little lon-
ger 1.2 mm (1.1-1.27) than width 1.12 mm (1.06-1.19).
Uropod longer 0.45 mm (0.37-0.49) than wide 0.36 mm
(0.33-0.39). Egg sac length 7.65 mm (6.96-7.77) 0.31 mm
(0.29-0.32) in width (n = 3). Dorsolateral plates of seg-
ment 2 not extending beyond the posterior edge of the
plate of segment 3. Caudal ramus (Figs SH, 6L) subtri-
angular, flattened and pointed distally; armed with three
spines on outer margin and two spines on inner margin
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and one spine on apical. Caudal ramus scarcely visible in
dorsal view. Antennule (Figs 4A, 5A) 2-segmented; basal
segment broader and longer than distal segment. Basal
segment with 24-26 plumose setae; distal segment 5
long setae, five short digitiform setae and three subapical
setae. Mandible (Figs 4E, 5E) blade with 8 teeth. Maxilla
(Figs 4C, 5C) two-segmented; unarmed lacertus, slender
brachium; calamus longer than canna, clavus short. Max-
illule (Figs 4F, 5F) bears three setae on palp and a robust
process on endite. Antenna (Figs 4B, 5B) three-segment-

Fig. 4. — Pandarus bicolor ¢. A:
Antennule (bar: 0.17 mm); B:
Antenna (bar: 0.10 mm); C:
Maxilla (bar: 0.10 mm); D: Max-
illiped (bar: 0.16 mm); E: Man-
dible (bar: 0.19 mm), F: Maxil-
lule (bar: 0.05 mm).

3|

ig. 5. — Pandarus bicolor ¢ .
: Antennule (bar: 0.17 mm);
: Antenna (bar: 0.10 mm);
: Maxilla (bar: 0.10 mm);
: Maxilliped (bar: 0.16 mm);
: Mandible (bar: 0.09 mm);
: Maxillule (bar: 0.05 mm);
: Fifth leg (bar: 0.05 mm);
: Caudal ramus (bar: 0.21 mm).

maEECSARE

ed, first segment with an oval adhesion pad (Fig. 3); sec-
ond segment slightly longer than first segment, third seg-
ment bearing hook-shaped process and with two spines
on surface. Maxilliped (Figs 4D, 5D) 2-segmented. Basal
segment stout, bearing an adhesion pad. Terminal seg-
ment with spatulate tip, without setae. There are several
adhesion pads on different places of female body (Fig. 3).
Fifth leg (Figs 5G, 6K) bears two plumose setae, one
robust and one small seta. Setal and spinal formula of 1-4
legs (Figs 6-7) are as follows (Table II).

Vie Milieu, 2020, 70 (1)
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Fig. 6. — Pandarus bicolor ¢.
A: First leg (bar: 0.09 mm);
B: Second leg (bar: 0.29 mm);
C: Exopod of second leg (bar:
0.14 mm); D: Endopod of second
leg (bar: 0.22 mm); E: Third leg
(bar: 0.25 mm); F: Exopod of
third leg (bar: 0.12 mm);
G: Endopod of third leg (bar:

0.20 mm); H: Fourth leg (bar: ]

0.36 mm); I: Exopod of fourth

leg (bar: 0.26 mm); J: Endopod ; .

of fourth leg (bar: 0.18 mm); ..J

K: Fifth leg (bar: 0.05 mm); - *._,;.ﬁ_"?‘
L: Caudal ramus (bar: 0.10 mm). i o~

S [
o P

Table I. — Infestation values and geographical coordinates where hosts species were collected.

Hosts Coordinates Examined Infested Prevalence Mean Site on host
fish fish (%) intensity
The angular 40°39’62”N 27° 23'72"E, 16 4 25 1.25 Body surface, anal,
roughshark, Oxynotus 40°40’°58”N 28°06’86”E, dorsal, and pectoral fins
centrina 40°33°43”N 27°41°28”E
The picked dogfish, 40°30°40”N 28°11°32"E, 126 10 7.9 2.9 Body surface, anal, dorsal

Squalus acanthias 40°50°21”N 29°03’45”E,

40°39'62”N 27°23'72"E

and pectoral fins

Table II. — Armature of legs 1-4 of adult female of Pandarus
bicolor.

Legs Endopod Exopod
First leg (Figs 6A, 7A) 0-0; 3 3,1, 3;0-1
Second leg (Figs 6B, 7B) 0-0; 5 0-1; VI-4
Third leg (Figs 6E, 7C) 0-0; 2 0-1; 11,4
Fourth leg (Figs 6H, 7D) 1 1,1,3,1

Remarks: This species is characterized by dark brown
pigmented areas on the cephalothoracic segment and cau-

dal ramus scarcely visible in the dorsal view. Morpho-
logical characters of females from the Sea of Marmara
correspond to the description and figures given by Baird
(1850), Scott (1900), Wilson (1905), Brian (1906), Scott
(1909), Scott & Scott (1913), Barnard (1955), Cressey
(1967), Hewitt (1967), Kabata (1979), Asok Kumar
(1990) and Kabata (1992).

There are several studies about spinal and setal arma-
ture of the female legs of P. bicolor. Compared with spinal
and setal formulation from these previous studies (Table
III), our findings include minor differences in shapes of

Vie Milieu, 2020, 70 (1)
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Table III. — Comparison of armature of legs 1-4 of adult female of Pandarus bicolor in the present work with previous studies (exopod/

endopod).
Scott (1900) Scott & Scott Cressey (1967) Hewit (1967) Kabata (1979) Present study
(1913)
First leg 4,1;0-0; 4 1-0;8,1,3/0-0; 3 1-0;4,1,3/0-0;3 1-0;3,1,3/0-0;3 1-0;3,1,3/0-0; 3
Second leg 1-0; VI-2/0-0; 5 1-0; V-2/ 0-0; 5 1-0; IV-3/0-0; 5 1-0; VI-4/0-0; 4  0-1;VI-4/0-0;5  0-1;VI-4/0-0; 5
Third leg 1-0; 1I-2/ 0-0; 2 1-0; 1I-4/ 0-0; 2 1-0; 1I-4/0-0; 3 0-1; 11,3,/ 0-0; 2  0-1; I, 4/ 0-0; 2
Fourth leg I, 3,1/ 1 I, 5/1 l,6/1 6/ 1 1,3,1,1/1

exopod-endopod and formulation, the only difference
being in the number of spines at the second segment of
exopod of the third leg and the plumose seta at exopod of
fourth leg.

Male description (Figs 8-10)

Host: O. centrina

Total number of parasites: 2

Examined fish (O. centrina): 16, infested fish: 2, prev-
alence: 12.5 %, mean intensity: 1

Dissected material: 2

Site on host: body surface and fins

Fig.7.— Pandarus bicolor ¢. A: First leg (bar: 0.09 mm); B: Sec-
ond leg (bar: 0.29 mm); C: Third leg (bar: 0.25 mm); D: Fourth
leg (bar: 0.26 mm).

Locality: Sea of Marmara; 40°39°62”N 27°23°72”E
for O. centrina

Male description. — Body 3.93 mm (3.47-4.3 exclud-
ing caudal ramus, n = 2). Dorsal shield wider 1.94 mm
(1.91-1.97) than long 1.59 mm (1.54-1.65). Second tho-
racic plate wider 1.05 mm (1.04-1.06) than long 0.39 mm
(0.35-0.43). Third thoracic plate wider 0.91 mm (0.83-
0.99) than long 0.35 mm (0.33-0.37). Fourth thoracic
plate wider 0.69 mm (0.68-0.70) than long 0.42 mm (0.41-
0.44). Genital complex little longer 0.75 mm (0.74-0.75)
than width 0.68 mm (0.66-0.69). Abdomen a little wider
0.33 mm (0.31-0.34) than long 0.17 mm (0.16-0.19). Uro-
pod little longer 0.19 mm (0.18-0.20) than wider 0.17 mm
(0.16-0.18).

Antennule (Figs 9A, 10A) 2-segmented; basal segment
broader and longer than distal segment. Basal segment
with 26-27 plumose setae; distal segment 3 subapical
long plumose setae, two long plumose setae, three long
naked setae, four short setae. Mandible, maxilla, maxil-
lule, antenna (Fig. 10B) as in female. Maxilliped (Figs
9B, 10C) corpus with two small pads on anterior protru-
sion; subchela without posterior swelling and setae. Cau-
dal ramus (Figs 9C, 10]) bears 2 small and 4 long pinnate
setae distally and with medial row of setules. Leg 5 (Figs
9D, 10H) represented by three pinnate setae and one stout
seta. Setal and spinal formula of 1-4 legs (Figs 9E-H,
10D-G) are as follows (Table I'V).

Remarks. — Males are not pigmented. Kabata (1979)
mentioned that the male of this species is not well known,
and indicated that there are discrepancies about armature
formula of the legs given by various authors. Cressey
(1967) mentioned that the male of this species is appar-
ently rare, and gave Scott & Scott (1913)’s armature for-
mula of the legs. We compared the present findings of
leg formulation with Scott (1900), Scott (1907), Scott &
Scott (1913), Cressey (1967), Hewitt (1967), and Kabata
(1979) (Table V). We did not observed a difference among
findings for the first leg, and minor difference with the
second leg. For example, Scott (1907) and Kabata (1979)
gave five plumose setae as seta number at the second seg-
ment of second leg exopod; four setae in Hewitt (1967);
six setae in Scott (1900), Scott & Scott (1913) as in this
study. About the third leg, in the present study we found
six setae at the second segment of endopod, which is
different from the five setae given by Scott (1907) and
Kabata (1979). Concerning the fourth leg, we found four
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Fig. 8. —Dorsal view of the male of Pandarus bicolor.

plumose setae at the second segment of endopod such
as Hewitt (1967) and Kabata (1979), which is differ-
ent from the five setae given by Scott (1907) and Scott
& Scott (1913). Kabata (1979) explained this situation as
Pandarus undergoes considerable morphological changes
in the course of its ontogeny. Benz (1993) indicated that a

Fig. 9. — Pandarus bicolor 5.
A: Antennule (bar: 0.17 mm);
B: Maxilliped (bar: 0.20 mm);
C: Caudal ramus (bar: 0.17 mm);
D: Fifth leg (bar: 0.04 mm);
E: First leg (bar: 0.12 mm);
F: Second leg (bar: 0.16 mm);
G: Third leg (bar: 0.15 mm);
H: Fourth leg (bar: 0.14 mm).

Table IV. — Armature of legs 1-4 of adult male of Pandarus
bicolor.

Legs Endopod Exopod
First leg (Figs 8E, 9D) 0-0; 3 1-0; IV-3
Second leg (Figs 8F, 9E) 1-0; 8 I-1; IV-5
Third leg (Figs 8G, 9F) 1-0; 5 I-1; IV-5
Fourth leg (Figs 8H, 9G) 1-0; 4 I-1; IV-5

high degree of variation in both leg segmentation and leg
armament exists within Pandaridae.

Female and male samples were identified as P. bicolor,
and we did not observe an important difference between
our samples and the morphological descriptions in litera-
ture.

Pandarus bicolor has been reported in the Mediterra-
nean Sea (Richiardi 1880, Brian 1906), Atlantic Ocean
(Leach 1816, Baird 1850, Bassett-Smith 1899, Scott
1900, Wilson 1907, Wilson 1932, Barnard 1948, Nuifies-
Ruivo 1956, Bresciani & Liitzen 1962, Cressey 1967),
Pacific Ocean (Heegaard 1962), and Indian Ocean (Bar-
nard 1955) (Fig. 11). This pandarid species has mainly
been found as a parasite of Elasmobranchii except for
Mola mola (Actinopterygii) (Dollfus 1946). Kabata
(1979) interpreted Dollfus (1946)’s single finding of
P. bicolor on Mola mola as accidental. Nineteen host fish
species for P. bicolor are listed according to the present
literature (Table VI).

Vie Milieu, 2020, 70 (1)
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Fig. 10. — Pandarus bicolor .
A: Antennule (bar: 0.17 mm);
B: Antenna (bar: 0.18 mm);
C: Maxilliped (bar: 0.20 mm);
D: First leg (bar: 0.12 mm);
E: Second leg (bar: 0.16 mm);
F: Third leg (bar: 0.15 mm);
G: Fourth leg (bar: 0.14 mm);
H: Fifth leg (bar: 0.08 mm);
I: Caudal ramus (bar: 0.34 mm).

Table V. — Comparison of armature of legs 1-4 of adult male of Pandarus bicolor in the present study with other findings (exopod/

endopod).
Scott (1900) Scott & Scott  Cressey (1967)  Hewit (1967) Scott (1907) Kabata (1979)  Present study

(1913)

First leg 1-0; IV-3/0-0; 3 1-0; IV-3/0-0; 3 1-0; IV-3/0-0; 3 1-0; IV-3/0-0; 3 1-0; IV-3/0-0; 3 1-0; IV-3/ 0-0; 3

Second leg I-1;IV-6/1-0; 8 I-1; IV-6/1-0; 8 1-1;IV-6/1-0;8 I-1;IV-4/1-0; 7 I-1;IV-5/1-0;8 I-1;IV-5/1-0; 8 I-1;IV-6/1-0; 8

Third leg I11-0; IV-6/ - - IV-0; IV-6/ I-1;IV-5/1-0; 5 1-1; IV-5/1-0; 6
1-0; 5 1-0; 5

Fourth leg 1-0; IV-6 / 1-0; 5 - -4/ 4 1-0; V-5/1-0; 5 I-1;IV-5/1-0; 4 1-1;IV-5/1-0; 4

Pandarids are considered as exclusive parasites of
elasmobranchs (Benz 1993). Also, according to literature
reported in table 5 and our records, P. bicolor seems to
have a preferential selection for ground sharks (Carcha-
rhiniformes).

Outside elasmobranchs, P. bicolor was only reported
from the ocean sunfish, Mola mola belonging to the class
Actinopterygii. This report might be considered as acci-
dental, however, considering the general host selectiv-
ity characteristics of P. bicolor, even if ocean sunfish is

not an Elasmobranchii, its morphological and ecological
characteristics (benthopelagic, large slow-swimming fish
with a laterally compressed body with hard skin covered
by denticles) may place the ocean sunfish among the pref-
erential hosts of the Pandarus.

Common host species of P. bicolor exhibit placoid
scales, large body with moderate swimming speed, and
inhabit subtropical coastal waters. All these aspects sug-
gest a differential presettlement of parasitic species such
as P. bicolor during their copepodite stages. In fact, it is

Vie Milieu, 2020, 70 (1)
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Fig. 11. — Geographic distribution of Pandarus bicolor across the World. 1: Boone (1930), 2: Nufies-Ruivo (1956, 1962), 3: Montud
(1996), 4: Hewitt (1979), 5: Benz et al. (2003), 6: Leach (1816), 7: Kroyer (1837-1838), 8: Brian (1899), 9: Brian (1906), 10: Kroyer
(1846), 11: Van Beneden (1861), 12: Scott (1900), 13: Barnard (1948, 1955), Kensley & Grindley (1973), Kensley & Penrith (1977),
14: Barnard (1955), Kensley & Grindley (1973), Kensley & Penrith (1977), 15: O’Riordan (1966), 16: Hewitt (1967), 17: Hamond
(1969), 18: Russo (1975, 2013), 19: Kensley & Grindley (1973), 20: Oldewage & Smale (1993), 21: Ebert (1986a, b; 1989), 22: Brian
(1898),23: Heegaard (1962), 24: Dollfus (1946), 25: Oktener & Trilles (2009), 26: Baird (1850), 27: Richiardi (1880), 28: Bassett-
Smith (1896), Leigh-Sharpe (1934), 29: Asok Kumar (1990), 30: Norman (1869), Wilson (1907), 31: Norman & Scott (1906), 32:
Scott (1909), 33: Hansen (1923), 34: Cressey (1967), 35: Boxshall (1974), 36: Oldewage (1993), 37: Holmes (1998), 38: Henderson et
al. (2002), 39: Present study, 40: Wilson (1935), 41: Wilson (1932), 42: Causey (1960), 43: Bresciani & Liitzen (1962).

Table VI. -Hosts parasitized by Pandarus bicolor

Host Species

English name

Locality

Authors reporting P. bicolor

Galeocerdo cuvier (Péron & Lesueur, 1822)

Carcharhinus falciformis (Miller & Henle, 1839)
Syn Carcharhinus falciformes (Muller & Henle,

1839)
Carcharhinus signatus (Poey, 1868)

Carcharodon carcharias (Linnaeus, 1758)

Galeorhinus galeus (Linnaeus, 1758)
Syn Galeorhinus australis (MacLeay, 1881)

Galeorhinus zyopterus Jordan & Gilbert, 1883

Galeus vulgaris Fleming, 1828
Galeus canis Bonaparte, 1834
Eugaleus galeus (Linnaeus, 1758)
Squalus galeus Linnaeus, 1758

Tiger shark

Silky shark

Night shark

Great white shark

Tope shark

Jicaron Island, Panama

Angola

Rio Grande do Sul,
Southern Brazilian

Wellington, New Zealand
Morro Bay, California

Torcross, Devonshire

Northern Kattegat, North
Sea

Italy

Portoferraio
Copenhagen, Denmark
Belgium

Aberdeen Fish Market
False Bay

Table Bay, False Bay

Boone (1930)

Nufies-Ruivo (1962) cited by WoRMS (2019)

Montu (1996)

Hewitt (1979)
Benz et al. (2003)
Leach (1816)

Kroyer (1837-1838) cited by Hewitt (1967)

Brian (1899)

Brian (1906)

Kroyer (1846) cited by WoRMS (2019)
Van Beneden (1861)

Scott (1900)

Barnard (1948)

Barnard (1955)

Vie Milieu, 2020, 70 (1)



PANDARUS BICOLOR ON TWO SHARK SPECIES FROM TURKEY

Table VI. —Continued.

27

Host Species

English name Locality

Authors reporting P. bicolor

Hexanchus griseus (Bonnaterre, 1788)

Isurus oxyrinchus (Rafinesque, 1810)
Syn Oxyrrhina spallanzanii
Isurus mako Whitley, 1929

Mola mola (Linnaeus, 1758)
Mustelus henlei (Gill, 1863)

Mustelus mustelus (Linnaeus, 1758)
Syn Squalus mustelus Linnaeus, 1758

Notorynchus cepedianus (Péron, 1807)
Syn Notorhynchus cepedianus (Péron, 1807)
Notorhynchus maculatus Ayres, 1855
Notorynchus pectorosus (Garman, 1884)

Prionace glauca (Linnaeus, 1758)
Syn Carcharias glaucus (Linnaeus, 1758)

Scyliorhinus stellaris (Linnaeus, 1758)

Syn Scyllium catulus Muller & Henle, 1838

Sphyrna tudes (Valenciennes, 1822)

Squalus acanthias (Linnaeus, 1758)
Syn Acanthias vulgaris (Risso, 1827)

Valentia Island

Oamaru, Cook Strait,
Palliser Bay, Palliser Bay,
Cape Turakirae, Makara
(New Zealand)

Norfolk
Northern California
False Bay

South-Eastern Cape
Recife (South Africa)

Bluntnose sixgill California Coast

shark

Shortfin mako Liguria

Port Hacking
Ocean sunfish Roscoff (Finistére) (France)

Brown smooth- Northern California

hound

Smooth-hound Torcross, Devonshire

Aegean Sea

Broadnose
sevengill shark

Oamaru, Raumati Beach
(New Zealand)

Northern California
Coast of California

Coast of California

Blue shark Falmouth
Italy
Collection of British
Museum
Nursehound Plymouth
Collection of British
Museum
Smalleye Cochin, Kerala Coast
hammerhead

Picked dogdfish Shetland Isles

Polperro
Shetland Isles

West of Scotland, at the
Fish Market in Aberdeen

Faxefjord, West Iceland
Plymouth

Oamaru, Kaikoura, Cook
Strait, Palliser Bay (New
Zealand)

North Sea, eastern North
Atlantic, off the coast of
the Netherlands

Whitby, Yorkshire, North
Sea

West coast of South Africa

Courtmacsherry Bay,
Dingle Bay

the west coast of Ireland

O’Riordan (1966)
Hewitt (1967)

Hamond (1969) cited by WoRMS (2019)

Russo (1975)
Kensley & Grindley (1973)
Oldewage & Smale (1993)

Ebert (1986b)
Brian (1898)
Heegaard (1962)

Dollfus (1946)
Russo (1975), Russo (2013)

Leach (1816)

Oktener & Trilles (2009)
Hewitt (1967)

Russo (1975)
Ebert (1986a)
Ebert (1989)
Baird (1850)

Richiardi (1880)
Bassett-Smith (1899)

Bassett-Smith (1896)
Bassett-Smith (1899)
Asok Kumar (1990)
Norman (1869)

Norman & Scott (1906)
Wilson (1907)
Scott (1909)

Hansen (1923)
Leigh-Sharpe (1934)
Hewitt (1967)

Cressey (1967)

Boxshall (1974)

Oldewage (1993)
Holmes (1998)

Henderson et al. (2002)

Vie Milieu, 2020, 70 (1)



28

Table VI. —Continued.
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Host Species

English name

Locality

Authors reporting P. bicolor

The Sea of Marmara

Pacific Grove

Durban, Table Bay

Present study
Wilson (1935)

Kensley & Penrith (1977)

Squalus suckleyi (Girard, 1855) Pacific spiny
Syn Squalus sucklii (Girard, 1855) dogfish
Triakis megalopterus (Smith, 1839) Sharptooth
houndshark

Triakis semifasciata (Girard, 1855) Leopard shark

Oxynotus centrina (Linnaeus, 1758) Angular

roughshark
Unnamed Hosts and Hosts at genus level

Unknown shark Smooth dogfish

Carcharias sp. unnamed
Carcharias sp. unnamed
Galeorhinus sp. unnamed
Unknown shark Grey shark
Carcharhinus sp. unnamed
Eulamia sp. unnamed
Unknown shark Flying shark
Unknown shark Unnamed

Unknown shark Unspecified host

Unknown shark Sharks
Cyprilumus sp. unnamed
Unknown shark Grey shark
Unknown shark Small shark
Odontaspis sp. unnamed
Carcharhinus sp. unnamed
Unknown shark Dogfish

Northern California Russo (1975), Russo (2013)

The Sea of Marmara Present study

Woods Hole
Table Bay,
Table Bay, False Bay

Wilson (1932)

Barnard (1948)

Barnard (1955)

Barnard (1955)

Barnard (1955)

Nunes-Ruivo (1956)

Nunes-Ruivo (1956) cited by Hewitt (1967)
Causey (1960)

Heegaard (1962)

Table Bay, False Bay
Durban

Angola

Coast of Angola
Acapulco, Guerrero

Lord Howe Island, Port
Jackson, New South
Wales; Manouard Island,

Oyster Bay, Tasmania
Southwest coast of Ireland  O’Riordan (1966)

Swedish waters Bresciani & Litzen (1962) cited by Hewitt

(1967)
Cook Strait (New Zealand) Hewitt (1967)
Karitane (New Zealand) Hewitt (1967)
West of Cape Brett (New Hewitt (1967)
Zealand)
Table Bay Kensley & Grindley (1973)

Durban, Three Anchor Bay Kensley & Grindley (1973)

Sea Point Kensley & Grindley (1973)

well known that environmental factors and host veloc-
ity have significant effects during the presettlement of
ectoparasites, as reported for Lepeophtheirus salmonis
(Caligidae: Copepoda) by Genna et al. (2005). Benman-
sour & Ben Hasine (1997), in their comparative analysis
of parasitic copepod diversity among coastal fishes of
Tunisia, found that benthic fish species had higher para-
site richness than pelagic species. Caira & Healy (2004)
indicated a high degree of specificity for both skin type
and body regions of parasites that attach to elasmo-
branchs.

Bilecenoglu et al. (2014) indicated the occurrence of
64 species of Elasmobranchii in Turkey. Although there
are several studies about the parasites of Actinopterygii in
Turkey, not much work has been carried to shed light on
the parasitic communities affecting deep sea species.

This preliminary study presents the first occurrence
of P. bicolor, highlighting its ability to infect also deep
sea sharks such as the angular rough shark. More detailed
parasitological and histological studies will be considered
as further works to improve the knowledge regarding the
effects of this parasite on its hosts.

Future research aimed at defining the role of ectopara-
sites and their ecological effects on deep sea shark species
will acquire a pivotal role especially if we consider the
changing scenario of the next years, deeply influenced by
climate change (e.g. global warming). In fact, global cli-
mate change produces ecological perturbations, causing
geographical and phenological shifts and alteration in the
dynamics of parasite transmission, increasing the poten-
tial for host switching (Dobson & Carper, 1992). More-
over, the distribution of parasites and pathogens will be
directly affected by global warming, but also indirectly,
through effects on host range and abundance. In general,
transmission rates of parasites and pathogens are expect-
ed to increase with increasing temperature (Marcogliese
2008). For these reasons, adding knowledge on parasitic
communities of uncommon species and potential chang-
es in host-parasite and disease-vector relationships is of
great importance not only from an ecological point of
view but also for the management of fishery resources.
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