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Mophological description of the parasitic copepod
Pandarus boscii (Siphonostomatoida: Pandaridae) found
on the Picked dogfish Squalus acanthias (Squaliformes:
Squalidae) in Turkish waters

Descripcién morfoldgica del copépodo parasito, Pandarus boscii (Siphonostomatoida:
Pandaridae) encontrado en el galludo Squalus acanthias (Squaliformes: Squalidae) en
los mares de Turquia
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Resumen.- Pandarus boscii se report6 anteriormente en Mustelus mustelus (basénimo: Squalus mustelus), pero la descripcion original de P. boscii
fue incompleta e inadecuada. P. boscii se acepta actualmente como sinénimo de Pandarus bicolor. Las hembras de P. boscii se diferencian en que
el color es incoloro o palido (en P. bicolor el cefalotérax es marrén y el dorso amarillo), los segmentos primero y distal de la anténula presentan
23-25 setas plumosas y 12 setas, respectivamente (en P. bicolor son 24-26 setas plumosas y 13 setas), hoja mandibular con 7-8 dientes (en P.
bicolor son 8 dientes), maxilipedo con una seta (en P. bicolor ausente), segmento exopodal proximal de la segunda pata con 5 espinas (en P.
bicolor son 6 espinas). Se observaron diferencias significativas entre individuos machos de las dos especies, tales como: el cuerpo total mas
pequefio mide 3,5 mm de longitud (en P. bicolor 3,9 mm), los segmentos primero y distal de la anténula con 15-17 setas plumosas y 14 setas,
respectivamente (en P. bicolor 26-27 setas plumosas y 12 setas), hoja mandibular con 7 dientes (en P. bicolor son 8), primer segmento de la
antena con un proceso y maxilipedo con una seta (en P. bicolor ausente), la pata 5 con una seta desnuda y una plumosa (en P. bicolor 3 setas
plumosas y una seta robusta), segmento exopodal distal de 3 y 4 patas con 2 espinas (en P. bicolor 4 espinas), segmento endopodal distal de
3y 4 patas con 4 y 3 setas, respectivamente (en P. bicolor con 5y 4 setas). Se proporciona una descripcion detallada de P. boscii a partir de
individuos hallados en la superficie corporal y aletas del galludo Squalus acanthias, recolectado recientemente en el Mar de Marmara, Turquia.
Por tanto, de acuerdo a los resultados Pandarus boscii y P. bicolor son especies diferentes.
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Abstract.- Pandarus boscii was previously reported in Mustelus mustelus (basionym: Squalus mustelus), but the original description of P. boscii
was incomplete and inadequate. P. boscii is currently accepted as a synonym of Pandarus bicolor. Females of P. boscii differ in that the body is
colorless or pale (in P. bicolor the cephalothorax is brown and the dorsum is yellow), the first and distal segments of the antennule have 23-25
plumose setae and 12 setae, respectively (in P. bicolor are 24-26 plumose setae and 13 setae), mandibular blade with 7-8 teeth (in P. bicolor are
8 teeth), maxilliped with one seta (in P. bicolor absent), proximal exopodal segment of the second leg with 5 spines (in P. bicolor are 6 spines).
Significant differences were observed between male individuals of the two species, such as: smaller total body measuring 3.5 mm in length (in
P. bicolor 3.9 mm), first and distal segments of the antennule with 15-17 plumose setae and 14 setae, respectively (in P. bicolor 26-27 plumose
setae and 12 setae), mandibular blade with 7 teeth (in P. bicolor are 8), first antennal segment with one process and maxilliped with one seta (in
P. bicolor absent), leg 5 with one naked and one plumose seta (in P. bicolor 3 plumose setae and a robust seta), distal exopodal segment of 3 and
4 legs with 2 spines (in P. bicolor 4 spines), distal endopodal segment of 3 and 4 legs with 4 and 3 setae, respectively (in P. bicolor with 5 and 4
setae). A detailed description of P. boscii is provided from individuals found on the body surface and fins of the spiny dogfish Squalus acanthias,
recently collected in the Sea of Marmara, Turkey. Therefore, according to the results Pandarus boscii and P. bicolor are different species.
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INTRODUCTION

Pandarid copepods are external parasites, generally
attaching in colonies on the body surface and fins of
elasmobranchs (Yamaguti 1963). They are characterized
by attachment extremities and adhesion pads, with rough
surfaces facilitating strong attachment to the host (Kabata
1988). Fourteen species of Pandarus are listed as valid by
WORMS (2022). Pandarus bicolor Leach, 1816 was described
parasitizing the tope shark Galeorhinus galeus (Linnaeus,
1758) from Torcross, Devon (London) by Leach (1816).
This species is characterized by dark brown pigmented areas
on the cephalothoracic segment, and caudal ramus scarcely
visible in dorsal view. The morphological characteristics of
this parasite have been given by various researchers (e.g.,
Leach 1816, Baird 1850, Scott 1900, Wilson 1907, 1932; Scott
& Scott 1913, Barnard 1955, Cressey 1967, Hewitt 1967,
Kabata 1979, 1992). Leach (1816) also reported Pandarus
boscii from Mustelus mustelus (Linnaeus, 1758) (basionym:
Squalus mustelus). Little is known about this species. Leach
(1816) did not give a detailed description of this species. P.
boscii has been considered as a variety or a synonym of P.
bicolor due to deficiencies in the description of the parasite
by Baird (1850), Brian (1906), Wilson (1907), Scott & Scott
(1913), Hewitt (1967), Cressey (1967), Kabata (1979), Walter
& Boxshall (2022).

Pandarus bicolor was reported for the first time in the
Sea of Marmara, Turkey attached to the angular rough shark
Oxynotus centrina (Squaliformes; Oxynotidae) and the
picked dogfish Squalus acanthias (Squaliformes; Squalidae)
(Oktener et al. 2020). Pale Pandarus individuals in other
parasitological survey were observed, which may be P.
boscii, according to the original description (see Leach 1816),
however, to confirm the identity of the pale individuals, a
complete description of this species is needed. The aim of this
study is to give a detailed description of the morphological
characters of P. boscii, which was inadequately described by
Leach (1816), and to analyze what morphological characters
of P. boscii are different in P. bicolor as presented by Kabata
(1979).

MATERIALS AND METHODS

Sixty eight individuals of the picked dogfish were collected by
commercial gillnets at the Sea of Marmara in 2021. Pandarid
copepod parasites collected were fixed in 4% formaldehyde.
Some individuals were cleared in lactic acid. Copepod
specimens were dissected using a Wild M5 stereo microscope.
Dissected appendages were mounted on slides in glycerin-
gelatine mounting medium. All drawings were made with
the aid of a drawing tube (Olympus® BH-DA). Microscope
images were drawn on tracing paper. The drawings were
scanned and digitized. Additionally, microphotographs
were taken with the aid of a Canon® camera (EOS 1100D)
connected to Olympus® CH30 Phase contrast microscope.
Identifications and comparisons were performed according to
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Cressey (1967), Hewitt (1967), and Kabata (1979). Scientific
names, synonyms of parasites, and hosts were checked with
WoRMS (2022), Froese & Pauly (2020), and Pollerspock &
Straube (2020). The samples of P. boscii (IUSHM 20231007-
01, TUSHM 20231007-02) were deposited in the collections
of the Istanbul University Museum (IUM), istanbul, Turkey.
The morphological characters of the specimens of P. boscii
gathered in this study were compared with the measurements
of P. bicolor given by Kabata (1979), and Oktener et al.
(2020).

REsuLTS
Order Siphonostomatoida Thorell, 1859

Family Pandaridae Milne Edwards, 1840
Genus Pandarus Leach, 1816
Type species. Pandarus bicolor Leach, 1816

Other species. Pandarus ambiguus (Scott T., 1907),
Pandarus brevicaudis Dana, 1852, Pandarus carcharhini Ho,
1963, Pandarus cranchii Leach, 1819, Pandarus floridanus
Cressey, 1967, Pandarus katoi Cressey, 1967, Pandarus
niger Kirtisinghe, 1950, Pandarus rhincodonicus Norman,
Newbound & Knott, 2000, Pandarus rouxii Risso, 1826,
Pandarus satyrus Dana, 1849, Pandarus sinuatus Say, 1818,
Pandarus smithii Rathbun, 1886, Pandarus zygaenae Brady,
1883

Panparus Boscll LEacH, 1816 (Fics. 1-8)

Pandarus boscii Leach, 1816: Leach 1816: p. 406, PI. XX,
figs. 1-10. —Latreille 1818: p. 8, planche 335. —Lamarck
1818: p. 142. —Desmarest 1825: p. 339. —Guérin-Méneville
1829-1843: p. 41. —Milne-Edwards 1834-1840: p. 470.
—Burmeister 1835: p. 331. —Lucas 1840: p. 297. —Baird
1850: p. 289. —Van Beneden 1892: p. 224. —Norman &
Scott 1906: p. 211. —Wilson 1907: p. 400. —Boone 1930:
p. 217. —Hewitt 1967: p. 21.

Host: Squalus acanthias Linnaeus, 1758 (Elasmobranchii,
Squaliformes, Squalidae) (Fig. 1) in this study, and Mustelus
mustelus in Leach (1816).

Locality: Turkey, Sea of Marmara, 40°31°43.8”N-27°12°11.2"E,;
(in this study), and London, Torcross, Devon by Leach (1816).

Habitat: anal fins, body surface in this study, and unknown
in Leach (1816).

Number of examined fish: 68; number of infested fish: 8;
number of parasite: 26 (10 female, 16 male); number of
dissected parasite: 5 female, 10 male.

Prevalence: 11.8%; mean intensity: 3.3.

Differential diagnosis: The most important morphological
character distinguishing P. boscii from P. bicolor is the pale
color of the female and the spine and seta formulae of the 3rd
and 4th legs of the male individual.
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Description of female (Figs. 1b-4, Table 1): Body length
6.35 mm (6.2-6.4 excluding egg sac, n= 5). Cephalosome
wider (2.5-3 mm; mean, 2.77 mm) than long (1.2-1.3 mm;
mean, 1.24 mm). Second thoracic plate wider (2.3-2.43 mm;
mean, 2.35 mm) than long (1.2-1.33 mm; mean, 1.25 mm).
Third thoracic plate wider (1.5-1.7 mm; mean, 1.6 mm) than
long (1-1.2 mm; mean, 1 mm). Fourth thoracic plate wider
(2.3-2.5 mm; mean, 2.4 mm) than long (1.7-1.9 mm; mean,

Pandarus bicolor ¢

1.8 mm). Genital complex longer (2-2.4 mm; mean, 2.2 mm)
than wide (1.8-2.2 mm; mean, 2 mm). Abdomen a little longer
(1-1.4 mm; mean, 1.2 mm) than wide (0.9-1.3 mm; mean,
1.1 mm). Dorsolateral plates of segment 2 not extending
beyond the posterior edge of the plate of segment 3. There
are several adhesion pads on different places of the female
body as P. bicolor.

Pandarus boscii ?

Figure 1. Female specimens of Pandarus bicolor (a) and Pandarus boscii (b). Scale bars: 1 mm | Especimenes hembras de

Pandarus bicolor (a) y Pandarus boscii (b). Barras de escala: 1 mm

Table 1. Comparison of armature of legs 1-4 of adult female of P. boscii and ten pandarid species [the exopod of legs are showed before
slash character (/) and the endopod after] / Comparacion de la armadura de las patas 1-4 de una hembra adulta de P. boscii y diez especies de

pandaridos [el exépodo de las piernas se muestra antes del slash (/) y el endépodo después]

Oktener

Pandarids species First leg Second leg Third leg Fourth leg
Pandarus bicolor 1-0;3,1,3/0-0; 3 0-1; VI-4/0-0; 5 0-1; 11,3,/ 0-0; 2 6/1
from Kabata (1979)

Pandarus boscii 3,1,3;0-1/0-0; 3 0-1; V-4/0-0; 5 0-1; 11,4 /0-0; 2 1,4,1/1
in this study
Pandarus carcharhini 1-0; VI / 0-0; 111 1-0; X/ 0-0; VI 1-0; VII/ 0-0; IT VIIL/ 1

from Cressey (1967)

Pandarus cranchii 1-0; LT, 3/0-0;3  1-0;TIL T, 6(5)/0-0;5(4) 1-0;TIL T, 2/0-0;3 (2) VI, 1/1
from Izawa (2010)
Pandarus floridanus 1-0; IV-3/0-0; 3 1-1;1V-6/0-1; 8 1-1;IV-5/0-1; 6 I-1;IV-5/0-1; 5
from Cressey (1967)
Pandarus katoi 1-0; VI / 0-0; 111 1-0; X/ 0-0; IV 1-0; VI / 0-0; IT VII/ 1
from Cressey (1967)
Pandarus niger 1-0; VI / 0-0; TII 1-0; X / 0-0; VII 1-0; VI/ 0-0; 11 VIII/ 1T
from Cressey (1967)
Pandarus rhincodonicus 0-0; VI-1/0-0; II-1 0-1; 0-10/0-0; 0-5 0-1; 0-6 / 0-0; 0-11 7/1
from Norman et al. (2000)
Pandarus satyrus 1-0; VI / 0-0; IIT 1-0; X/ 0-0; IV 1-0; VI / 0-0; 1T VI/0
from Cressey (1967)
Pandarus sinuatus 1-0; VI / 0-0; 11T 1-0; IX / 0-0; V 1-0; IV /0-0; 1 v/0
from Wilson (1907)
Pandarus smithii 1-0; VI /0-0; IIT 1-0; X / 0-0; IV 1-0; VI/ 0-0; I VI/T1(0)
from Cressey (1967)
RBMO 57(3): 124-134, 2022
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Antennule (Fig. 2a) 2-segmented; basal segment broader
and longer than distal segment; basal segment with 23-25
plumose setae; distal segment with 5 long setae, 4 short
digitiform setae, and 3 subapical setae. Maxilliped (Fig.
2b) 2-segmented; basal segment stout; terminal segment
with spatulate tip, with seta and a spine. Maxilla (Fig. 2c)
2-segmented; lacertus unarmed, brachium slender; calamus
longer than canna, clavus short. Maxillule (Fig. 2d) with
3 setae on palp and a robust process on endite. Mandible
(Fig. 2e) with blade bearing 7-8 teeth. Antenna (Fig. 2f)

0.34 mm

Pandarus boscii ¢

4-segmented; first segment shorter than the second segment;
second segment unarmed; third segment with 1 medial
and 1 subdistal spine; fourth segment transformed into a
hook-shaped process. Caudal ramus (Fig. 2g) subtriangular,
flattened, pointed distally, barely visible in dorsal view; armed
with 1 spine and 1 seta on outer margin; 1 spine and 1 seta on
inner margin and 1 apical spine. The fifth leg (Fig. 2h) bears
3 plumose and 2 naked setae. Setal and spinal formulae of
legs 1-4 as in Table 1.

0.48 mm

Figure 2. Pandarus boscii, female, a) antennule, b) maxilliped, c) maxilla, d) maxillule, e) mandible, f) antenna, g) caudal
ramus, h) fifth leg | Pandarus boscii, hembra, a) anténula, b) maxilipedo, c) maxilar, d) maxilula, e) mandibula, f) antena, g) rama

caudal, h) quinta pata

Oktener
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Leg 1 (Fig. 3a) with 2-segmented rami. Basis with 2 setae
and 2 protrusion. Proximal exopodal segment shorter than
distal segment, unornamented, unarmed; distal segment with
3 setae, densely spinulose anterolateraly. Proximal endopodal
segment slightly shorter than distal segment; proximal
segment unornamented, and armed with a seta; distal segment
with a lateromedial area densely spinulose, with 7 elements (3
outer and 3 inner setae, and 1 apical bilobate spine).

Leg 2 (Fig. 3b) with 2-segmented rami. Proximal and
distal exopodal segments subequal in length; both segments
with outer patch of spinules as shown; proximal exopodal
segment armed with a spine, densely spinulose anterolaterally;
distal segment armed with 4 plumose setae and 5 spines,
and ornamented with a densely spinulose anteromedial area.

a)

Pandarus boscii @

Figure 3. Pandarus boscii, female, a) first leg, b) second leg / Pandarus

boscii, hembra, a) primera pata, b) segunda pata

Oktener

Proximal endopodal segment shorter than distal segment;
distal segment with a lateral outer patch of spinules; first
segment unarmed; distal segment armed with 5 setae.

Leg 3 (Fig. 4a) with 2-segmented rami. Proximal exopodal
segment shorter than distal segment; both segments with
outer densely spinulose lateral patch; proximal exopodal
segment with one, distal segment with 4 setae and 2 spines.
Proximal endopodal segment shorter than distal segment;
proximal segment unarmed; distal segment armed with two
setae apically.

Leg 4 (Fig. 4b) with one-segmented rami. Proximal and
distal exopodal segments partially fused. Exopod and endopod
with densely spinulose lateral patch. Exopod with 5 setae and
1 spine; endopod with 1 apical seta.

Pandarus boscii 9

0.63 mm

Figure 4. Pandarus boscii, female, a) third leg, b) fourth leg | Pandarus
boscii, hembra, a) tercera pata, b) cuarta pata

RBMO 57(3): 124-134, 2022

Description of Pandarus boscii

<https://doi.org/10.22370/rbmo.2022.57.3.3996 >



Description of male (Figs. 5-8, Table 2): Body length 3.5
mm (3.2-3.8 excluding caudal ramus, n= 7). Dorsal shield
longer (1.7-1.2.1 mm; mean, 1.9 mm) than wide (1.5-1.7
mm; mean, 1.6 mm). Second thoracic plate wider (1-1.1 mm;
mean, 1.1 mm) than long 0.6 mm. Third thoracic plate wider
0.8 mm than long 0.3 mm. Fourth thoracic plate wider (0.7-
0.8 mm; mean, 0.8 mm) than long 0.4 mm. Genital complex
little longer (0.7-0.8 mm; mean, 0.75 mm) than wide 0.7
mm. Abdomen a little wider (0.3-0.4 mm; mean, 0.35 mm)
than long 0.2 mm. Caudal ramus as long as wide (0.2 mm).

Antennule (Fig. 6a) 2-segmented; basal segment broader
and longer than distal segment, the former with 15-17 lightly
plumose setae, the later with 3 subapical long plumose setae,
3 long plumose setae, 3 long, and 4 naked setae. Mandible
(Fig. 6b), and maxilla (Fig. 6e) as in female. Maxillule (Fig.
6¢) bears 1 naked and 2 plumose setae on palp, and a robust
process on endite. Antenna (Fig. 6f) 4-segmented; first
segment with a process; second segment slightly longer than
first, unarmed; third segment with 1 medial and 1 subdistal
spine; fourth segment transformed into a hook-shaped
process. Maxilliped (Fig. 6d) with corpus with one small pad
on anterior protrusion; subchela with a seta, without posterior
swelling; terminal segment with a densely spinulose posterior
area. Caudal ramus (Fig. 6g) bears 2 small and 4 long pinnate
setae distally and a medial row of setules. Leg 5 (Fig. 6h) with
one naked and one plumose seta. Setal and spinal formulae
of legs 1-4 as in Table 2.

Pandarus boscii &

Figure 5. Pandarus boscii, microphotograph of a male specimen |
Pandarus boscii, microfotografia de un ejemplar macho

0.16 mm

)

Pandarus boscii

Figure 6. Pandarus boscii, male, a) antennule, b) mandible, c) maxillule, d) maxilliped, e€) maxilla, f) antenna, g) caudal
ramus, h) fifth leg | Pandarus boscii, macho, a) anténula, b) mandibula, c) maxilula, d) maxilipedo, e) maxilar, f) antena, g) rama

caudal, h) quinta pata

Oktener
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Table 2. Comparison of armature of legs 1-4 of adult male of P. boscii and ten pandarid species [the exopod of legs are showed
before slash character (/) and the endopod after] / Comparacion del esqueleto de las piernas 1-4 del macho adulto de P. boscii y diez
especies de pandaridos [el exdpodo de las piernas se muestra antes del slash (/) y el endépodo después]

Pandarids species First leg

Second leg

Third leg Fourth leg

Pandarus ambiguus 0-0; IV-3/0-0; 0-3

from Scott (1907)

Pandarus bicolor
from Kabata (1979)

Pandarus boscii
in this study

1-0; IV-3 / 0-0; 0-3

1-0; IV-3/0-0; 0-3

Pandarus brevicaudis 1-0; IV-3/ 0-0; 0-3

from Wilson (1907)

Pandarus cranchii 1-0; IV-3/0-0; 0-3

from Izawa (2010)

Pandarus floridanus 1-0; IV-3/0-0; 0-3
from Cressey (1967)

Pandarus katoi 1-0; IV-3/0-0; 0-3
from Cressey (1967)

Pandarus rhincodonicus 1-0; IV-3/0-0; 0-3

from Norman ez al. (2000)

Pandarus satyrus
from Cressey (1967)

Pandarus sinuatus
from Wilson (1907)

Pandarus smithii
from Wilson (1907)

1-0; IV-3 / 0-0; 0-3

1-0; IV-3/ 0-0; 0-3

1-0; V-3 / 0-0; 0-3

1-1;TV-5/0-1; 0-7

1-1;1V-5/0-1; 0-8

I-1;1V-5/0-1; 0-7

I-1; 111-6 / 0-1; 0-6

I-1;1V-6 / 0-1; 0-8

I-1;1V-6/ 0-1; 0-8

1-1; 1I-6 / 0-1; 0-8

I-1;IV-5/0-1; 0-8

I-1;IV-6/0-1; 0-8

I-1;IV-6/0-1; 0-8

I-1; V-4 / 0-1; 0-8

1-0; TIT-4 / 0-1; 0-4 1V;3/0-1; 0-3

I-1;1V-5/0-1;0-5  1-1;1V-5/0-1; 0-4
1-0;11-5/0-1; 0-4  1-0; 11-4/ 0-1; 0-3
0-1;T1-6/0-1; 06 I-1;0-6/1-1; 0-4
I-1;1V-5/0-1;0-6  1-1;1V-5/0-1;0-5
-1;1V-5/0-1;0-6  I-1;1V-5/0-1;0-5

I-1;1V-5/0-1; 0-6 I-1;1V-5/0-1; 0-5

-1;1V-5/0-1;0-5  1-0;1V-5/0-1; 0-4
L-1;IV-5/0-1;0-6  I-1;1V-5/0-1;0-5
I-1;1V-5/0-1;0-5  I-1;1V-5/1-1; 0-5

I-1; IV-5/0-1; 0-5 1-0; IV-5/0-1; 0-5

Leg 1 (Fig. 7a) with 2-segmented rami. Proximal exopodal
segment longer than distal segment, the former with one outer
spine, the latter with 4 spines and 3 plumose setae. Proximal
endopodal segment shorter than distal segment; proximal
segment unarmed, distal segment with 3 plumose setae.

Leg 2 (Fig. 7b) with 2-segmented rami. Proximal exopodal
segment slightly longer than distal segment, the former
with one outer spine and one plumose inner seta, and with a
densely spinulose outer patch; distal segment with 4 spines
and 5 plumose setae. Distal endopodal segment longer than
proximal segment, the latter with one inner plumose seta, the
former with 7 setae.

Leg 3 (Fig. 7c) with 2-segmented rami. Proximal and distal
segments subequal in length, the former with one outer spine,
the latter with two spines and five setae. Proximal endopodal
segment shorter than distal segment, the former with one
plumose inner seta, the latter with 4 plumose setae.

Leg 4 (Fig. 7d) with 2-segmented rami. Proximal exopodal
segment slightly longer than distal segment, the former with
one outer spine, the latter with 2 spines and 4 plumose setae.
Proximal endopodal segment armed with one inner, distal
endopodal segment armed with 3 plumose setae.

Remarks: Pandarus boscii was reported on Mustelus
mustelus (basionym: Squalus mustelus) by Leach (1816).
Leach (1816) described this species as pale, and gave some
drawings such as body, antenna, and legs 1-7. Unfortunately,
most of the descriptions given by Leach (1816) are not very

Oktener

obvious and informative. Also, he did not give a detailed
description of its morphology. Baird (1850) regarded P. boscii
as separate species, but noticed P. boscii is extremely similar
to P. bicolor. He suggested that this species well be a variety
of P. bicolor. He noticed also that P. boscii does not have black
spots, is pale in color, and that it is smaller than P. bicolor.
Since then, P. boscii has been considered as a synonym due
to deficiencies in the description of the parasite (Brian 1906,
Wilson 1907, Scott & Scott 1913, Hewitt 1967, Cressey 1967,
Walter & Boxshall 2022).

DiscussioN

icked dogfish, Squalus acanthias Linnaeus, 1758

(Elasmobranchii, Squaliformes, Squalidae) is a
benthopelagic and oceanodromous shark. It feeds on demersal
fishes, demersal crustaceans, and several invertebrates (Froese
& Pauly 2020). Twenty-five parasitic copepod species were
reported from picked dogfish. Twelve of twenty-five parasitic
copepod species belong to the family Pandaridae. Three
species of Pandarus, P. ambiguus, P. bicolor, and P. cranchii
have been reported from picked dogfish (WoRMS 2022).

Pandarus bicolor samples having two colors and P.boscii
having pale-color matching with Leach (1816)’s description
were found in this study. After dissection of the species,
it was possible to confirm that P. boscii and P. bicolor are
morphologically different.
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Pandarus boscii &

Figure 7. Pandarus boscii, male, a) first leg, b) second leg, c) third leg, d) fourth leg | Pandarus boscii, macho, a) primera pata,
b) segunda pata, c) tercera pata, d) cuarta pata

Figure 8. Setal and spinal formulae of legs 3-4 of Pandarus bicolor (a, b) and Pandarus boscii (c, d) | Férmula de setas y espinas de las patas 3-4 de
Pandarus bicolor (a, b) y Pandarus boscii (c, d)
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The morphology of the female of P. bicolor has been
studied by various researchers (e.g., Baird 1850, Scott 1900,
Scott & Scott 1913, Barnard 1955, Cressey 1967, Hewitt
1967, Kabata 1979, 1992; Oktener et al. 2020). In this study,
it was possible to collect and examine female individuals of
P. bicolor and P. boscii. The morphological characters of P.
boscii observed in this study were compared with the findings
of P. bicolor presented by Kabata (1979), and Oktener et al.
(2020). In females, the maxillule, maxilla, and antenna of
P. boscii are similar to those of P. bicolor. The following
differences were observed between P. boscii and P. bicolor:
number of setae on the first and distal antennulary segments
(24-26 plumose setae in P. bicolor, but 23-25 setae in P.
boscii and 13 setae in P. bicolor, but 12 setae in P.boscii,
respectively), number of teeth on the mandibular blade (8 in
P. bicolor, but 7-8 teeth in P. boscii), and the occurrence of
a seta on the maxilliped of P. boscii (absent in P. bicolor).
Minor differences were also found in the spinal and setal
formulae of the exopods and endopods of the legs of both
species, for example; there are 5 spines on the proximal
exopodal segment of the second leg of P. boscii, but 6 spines
are present in P. bicolor.

No published descriptions or drawings of the male of P.
boscii are available. Kabata (1979) mentioned that the male
of P. bicolor is not well known, and indicated that there are
discrepancies in the armature formula of the legs given by
various authors. Kabata (1979) indicated the uncertainty in
the number of setae and spines on the exopod and endopod of
the legs of P. bicolor with a question mark. In this work, male
and females of P. boscii were studied and the discrepancies
highlighted by Kabata (1979) are resolved.

The maxillule and maxilla of the males of P. boscii
are similar to those of the males of P. bicolor, but several
morphological differences were observed between the males
of P.boscii and P. bicolor. The differences between the males
of P. boscii and P. bicolor are: the total body length (3.5 mm
in P. boscii, 3.9 mm in P. bicolor), the number of setae on
the first and distal segments of the antennule (26-27 plumose
setae in the first antennulary segment in P. bicolor, but 15-17
setae in P. boscii; 12 setae in the distal antennulary segment
of P. bicolor, but 14 setae in P. boscii), the number of teeth of
the mandibular blade (8 teeth in P. bicolor, but 7 in P. boscii),
presence of a process on the first segment of the antenna in
P. boscii, (absent in P. bicolor), presence of a seta on the
maxilliped of P. boscii, (absent in P. bicolor), number of setae
on leg 5 (3 plumose setae and one stout seta in P. bicolor, but
one naked and one plumose seta in P. boscii).

Major differences were detected in the number of spines
and setae of exopods and endopods of swimming legs in both
species. The distal exopodal segment of third and fourth legs
are armed with two spines in P. boscii, but with four spines
in P. bicolor. The distal endopodal segment of third and
fourth legs are armed with four and three setae, respectively,
in P. boscii, but with five and four setae, respectively, in P.
bicolor (Fig. 8).

Oktener

P. cranchii female differs noticeably from P. boscii
in having eyespots separated in fully pigmented forms,
dorsal plate of thoracic segment 2 extending well beyond
the posterior edge of the plate of segment 3 according to
Cressey (1967). Differences in mouthparts of the females of
P. boscii and P. cranchii are: the number of setae on the first
and distal segments of the antennule (26 plumose setae in
the first antennulary segment in P. cranchii, but 23-25 setae
in P. boscii; 11 setae in the distal antennulary segment of P.
cranchii, but 12 setae in P.boscii), the number of teeth of
the mandibular blade (10 teeth in P. cranchii, but 7-8 in P.
boscii), the number of segments of the antenna (5 segments
in P. cranchii, but 4 segments in P. boscii); the number of seta
on the maxillule (2 setae on and a stout seta in P. cranchii; 3
setae and a robust process in P. boscii). The differences among
setal and spinal formulae of legs 3-4 of males of P. boscii and
P. cranchii are: 2 spines on the second exopodal in P. boscii,
but 4 spines in P. cranchii.

Pandarus ambiguus (nomen dubium Nogagus ambiguus)
was described from male individuals collected from piked
dogfish (Squalus acanthius) caught from the North Sea in
1902 by Scott (1907). The males of P. boscii and P. ambiguus
can be easily distinguished by the number of setae on the
antennule, and armature and shape of maxilliped (with or
without terminal claws). The setal and spinal formulae of
the exopod, and endopod of legs 1 and 2 is the same for both
species. However, the setal formulae of the third and fourth
legs of these two species is different. Two spines on the second
exopodal segment are present in P. boscii, but 4 spines are
present in P. ambiguus.

The following color differences in female body were
observed between P. boscii and other pandarids: colorless
or pale without pigmentation in P. boscii (Leach, 1816), but
creamy yellow to dark brown and cephalon usually heavily
pigmented in P. bicolor (from Kabata 1979), creamy yellow
with dark brown pigmentation in P. carcharhini, creamy
yellow with light brown pigmentation in P. floridanus and
P. katoi, dark brown except where unpigmented in P. niger,
a rich brownish black, the margins of the carapace and of
the dorsal plates in P. smithii, creamy white except for some
light brown pigmentation (from Cressey 1967), dull yellow
or yellowish white or dark brown to black with eye spots in
P. sinuatus (from Wilson 1907, Cressey 1967), dark chocolate
chestnut brown in P. rhincodonicus (from Norman et al.
2000), a chocolate-brown blotch covering the center of the
carapace, dark brown to black with eye spots in P. satyrus;
yellowish brown in P. brevicaudis, light brownish yellow,
more or less covered with dark brown-black pigment in P.
cranchii (from Wilson 1907).

The females of 14 pandarid species (except of P. bicolor)
differs noticeably from the female of P. boscii in the dorsal
plate of thoracic segment 2 reaching well beyond the posterior
edge of the plate of segment 3 (Wilson 1907, Cressey 1967).
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The males of P. carcharhini, P. niger, P. rouxii, and P.
zygaenae remain unknown and have not been compared
to P. boscii. The legs 1 and 2 of P. boscii and the other 10
Pandarus species (P. ambiguus, P. bicolor, P. brevicaudis, P.
cranchii, P. floridanus, P. katoi, P. rhincodonicus, P. satyrus, P.
sinuatus, P. smithii) are very similar. However, some obvious
differences were observed in the second exopodal segment
of legs 3 and 4. P. boscii differs from the other species that it
has distal exopodal segment of 3 and 4 legs with 2 spines and
distal endopodal segment of 3 and 4 legs with 4 and 3 setae,
respectively. These differences are seen in Table 2.

Baird (1850) suggested that P. boscii is most probably
a variety of P. bicolor, which prompted other authors (e.g.,
Brian 1906, Wilson 1907, Scott & Scott 1913, Hewitt 1967,
Cressey 1967, Kabata 1979, Walter & Boxshall 2022) to
consider the former as a synonym of the latter. In this study,
the morphological differences of male and female individuals
of P. boscii are revealed for the first time through a complete
description of P. boscii and compared with those of P.
bicolor. In addition, uncertainties about the leg morphology
of P. bicolor mentioned by Kabata (1979) are clarified in
this study. Recently, Palomba et al. (2022) presented the
molecular characterization of some pandarid copepods found
in Mediterranean sharks. Thus, genetic and molecular studies
of Pandarus boscii are likely to be carried out in the future
for confirmation of the species.
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