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SUMMARY: Two species of spurdog of the genus Squalus occur in the Gulf of Gabes (southern Tunisia, central
Mediterranean): the longnose spurdog Squalus blainvillei (Risso, 1827) and a short-snout spurdog of the Squalus megalops-
cubensis group. Morphometric and meristic data as well as a genetic analyses (DNA inter-simple sequence repeat markers
and molecular barcoding methods) support the assignation of this short-snout spurdog to Squalus megalops (Macleay, 1881).
Squalus megalops occurs commonly in temperate and tropical Australian waters, and is also thought to occur in the eastern
Atlantic, southern Indian Ocean and western North Pacific although these records need to be confirmed. Our study confirms
that it occurs in the Mediterranean Sea. Populations of both S. blainvillei and S. megalops are described based on Tunisian
material.

Keywords: Squalus megalops, Squalus blainvillei, taxonomy, Gulf of Gabes, Central Mediterranean.

RESUMEN: ESTUDIO TAXONOMICO DE SQuALUS MEGALOPS (MACLEAY, 1881) Y SouaLus BLamvviLLer (Risso, 1827) (CHONDRI-
CHTHYES: SQUALIDAE) EN AGUAS DE TUNEZ (MEDITERRANEO CENTRAL). — En el golfo de Gabes (sur de Tinez, Medite-
rrdneo central) se encuentran dos especies del género Squalus: el galludo Squalus blainvillei (Risso, 1827) y otra de morro
mas corto perteneciente al grupo Squalus megalops-cubensis. Los datos morfométricos y meristicos junto con el analisis
genético (ADN Inter Simple Sequence Repeats markers y métodos moleculares Barcoding) apoyan la identificacion de esta
tltima especie como Squalus megalops (Macleay, 1881). Squalus megalops se encuentra en aguas australianas templadas y
tropicales, y se piensa que habita también en el Atlantico este, en el océano Indico sur y en el Pacifico noroccidental, aunque
estos registros deben ser confirmados. Nuestro estudio confirma su presencia en el mar Mediterraneo. La descripcién tanto
de S. blainvillei como de S. megalops esta basada en especimenes capturados en aguas tunecinas.

Palabras clave: Squalus megalops, Squalus blainvillei, taxonomia, golfo de Gabes, Mediterraneo central.

INTRODUCTION cific (Last et al. 2007a). In the Mediterranean Sea, two
species occur commonly (Bradai et al. 2004, Serena

The genus Squalus includes 25 species, 11 of which et al. 2009): Squalus acanthias (Linnaeus, 1758) and
have been described recently from the Indo-West Pa- Squalus blainvillei (Risso, 1827). However, a third
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species has been recorded as Squalus megalops by
Muiioz-Chépuli et al. (1984) and Munoz-Chépuli and
Ramos (1989). Squalus megalops (Macleay, 1881)
has been recorded from many localities of the eastern
Atlantic and Indo-West Pacific (Compagno 2005), but
Duffy and Last (2007) and Last and Stevens (1994)
suggested that it may belong to a species complex, and
stated that records of Squalus megalops outside Aus-
tralia need to be confirmed.

Outside its main distributional area (Mediterranean
Sea and eastern Atlantic), Squalus blainvillei has also
been recorded erroneously off Australia and New Zea-
land (Garrick 1960). It was thought to be widespread in
the Atlantic, Indian and Pacific Oceans (Bigelow and
Schroeder 1948, 1957), as well as off Japan (Chen et
al. 1979). Compagno et al. (2005) restricted the dis-
tribution of Squalus blainvillei to the Mediterranean
Sea and eastern Atlantic, and questioned the Pacific
records. The confusion is due largely to the poor origi-
nal description given by Risso (1827) and the lack of
type material.

The doubtful taxonomic status of the Tunisian dog-
fish led us to make a taxonomic study of these sharks,
including both morphological and genetic analyses.
The detailed descriptions provided here should allow
the species to be clearly differentiated and contribute to
a better understanding of the geographical distribution
of Squalus megalops.

MATERIALS AND METHODS
Morphological studies

The studied material consisted in 32 specimens of
Squalus blainvillei (18 females ranging from 27 to 96
cm TL, and 14 males from 34 to 72 cm TL) and 26
specimens of Squalus megalops (14 females ranging
from 33 to 70 cm TL, and 12 males from 35 to 53.5
cm TL). They were caught by commercial trawlers in
the Gulf of Gabes (Fig. 1) between January 2007 and
May 2009.

A subsample of 9 specimens of each species (S.
blainvillei: 5 females ranging from 63.0 to 82.0 cm TL
and 2 males from 66.5 to 68.5 cm TL as well as a 96.0
cm TL female (INSTM /SQUAL 02) and a 69.6 cm TL
(INSTM /SQUAL 09) male; S. megalops: 6 females
(INSTM /SQUAL 03-08) ranging from 33.0 to 69.5 cm
TL and 3 males (INSTM /SQUAL 10-12) from 46.8
to 51.1 cm TL) were used for the morphometry study.
All encoded samples were preserved whole in 10%
formalin at the National Institute of Marine Sciences
and Technology (Center of Sfax, Tunisia). The mor-
phometric methodology followed Compagno (1984)
and Last er al. (2007a), and measurements were ex-
pressed in a percentage of the total length (TL). Some
measurements were provided as proportions to make
comparison with previous studies possible.

The skeletal anatomy (neurocranium, clasper
components) was studied using the rest of the sam-

Fi1G. 1. — Map of the sampling area, Gulf of Gabes, Tunisia, Central
Mediterranean Sea.

ples (23 specimens of S. blainvillei ranging from 27 to
71 cm TL, and 17 specimens of S. megalops ranging
from 35 to 70 cm TL). They were dissected to reveal
the structure of the chondrocrania and claspers and to
count meristic characters. Chondrocranial measure-
ments follow Mufioz-Chépuli and Ramos (1989) and
were expressed as a percentage of the total length of
the chondrocranium (TLC). Meristic characters were
obtained separately for the trunk (monospondylous
centra), precaudal (monospondylous + diplospondy-
lous centra to origin of the caudal-fin upper lobe)
and caudal (centra of the caudal fin) vertebrae. Tooth
rows were counted directly on specimens by making
incisions at the jaw angles to expose the teeth, and
the tooth shape was noted. The terminal cartilages
of claspers, called spurs and claws by Leigh-Sharpe
(1920), were described and used to discriminate
between the two species. Skin samples, observed
by optic microscopy for characterising the dermal
denticles, were obtained from the laterodorsal area,
anterior to the first dorsal spine.

Genetic studies
ISSR technique

The ISSR genetic analysis was performed on tis-
sue samples of 7 specimens of S. blainvillei (4 females
ranging from 36 to 64 cm TL and 3 males from 28.5
to 34.5 cm TL) and 7 specimens of S. megalops (4 fe-
males ranging from 50.1 to 68 cm TL and 3 males from
35 t0 49.1 cm TL) from the dissected samples.

DNA inter-simple sequence repeat (ISSR) markers
were introduced by Gupta et al. (1994) and Zietkiewics
et al. (1994). The ISSR technique is based on amplify-
ing anonymous nuclear DNA sequences delimited by
two inverted microsatellites. Using a single primer,
composed of a short microsatellite sequence with one
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TABLE 1. — Primer sequences used in the ISSR analysis, number of

polymorphic loci per primer and range of band molecular weights

in base pairs (bp) amplified by PCR-ISSR for the 14 individuals of
Squalus analysed.

Primer Sequence No. of Size range of DNA
(5°-3%) polymorphic fragments (bp)
loci
PT1 (GT)sC 9 425-1500
IT1 (CA)GT 14 290-1370
1T2 (CA)AC 5 360-1420
1T3 (GAG),AG 10 250-1230
SAS1 (GTG),GC 9 300-1650
SAS3 (GAG),G 11 380-1450
UBC809 (AG)G 9 310-1920
UBCS811 (GA),C 4 460-850

to four degenerate nucleotides anchored at the 5’ or
3’ end, allows several DNA regions to be amplified,
which are treated as loci. In the present work, ISSRs
were used to verify the presence of two species of the
genus Squalus in the Gulf of Gabes.

Portions of the muscle were removed from each in-
dividual and stored in 95% ethanol at 4°C. For the DNA
extraction, highly pure genomic DNA was isolated
from approximately 25 mg of muscle tissue using the
Speedtools tissue DNA extraction kit (Biotools B and
M Lab. S.A. Spain) according to the manufacturer’s
instructions. Once the DNA had been extracted it was
stored at 4°C until amplification through polymerase
chain reaction (PCR).

We used eight primers provided by Operon Mol-
ecules for Life (Table 1). The PCR reaction mixture
contained up to 30 mg of genomic DNA, 2.5 mM Mg
CI2, 0.2 uM primer, 200 uM of each dNTP, 0.5 U of
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Taq DNA polymerase and 10X reaction buffer in a final
volume of 25 ul. The amplification program was 3 min
at 94°C, with the following cycle repeated 45 times: 40
s at 94°C, 45 s at 55°C and 1 min 40 s at 72°C; finally
5 min at 72°C. In order to exclude PCR artefacts and
verify the repeatability of the results, a negative con-
trol and replicates were included. After separation by
electrophoresis on a 2% agarose gel, the PCR products
were stained with ethidium bromide. One hundred base
pair ladders (100 bp DNA ladder, Promega) were used
for reference with each primer.

For the ISSR analysis, based on the total band pres-
ence/absence, we obtained a triangular matrix of Nei
(1978) inter-individual genetic distance. UPGMA clus-
ter analysis was carried out using the program TFPGA
(Miller, 1997). The nodes of the dendrogram were
tested by bootstrapping with 10000 replicates.

Molecular barcoding methods

For this study we used a specimen of each species
(a96 cm TL female S. blainvillei and a 69.5 cm TL fe-
male S. megalops) from the conserved individuals used
for morphometric analysis. White tissue samples were
preserved in 95% ethanol. DNA was extracted using a
method outlined by Ward et al. (2007) for barcoding
Australian chondrichthyans. The Barcoding analysis
was mainly used to compare the Tunisian specimen of
S. megalops with specimens from Australia. The analy-
sis was performed with CSIRO and the sequences of
the two Tunisian specimens were inserted in the results
already obtained by Ward et al. (2007) for discriminat-
ing spurdogs of the genus Squalus.

TABLE 2. — Proportional dimensions as percentages (+SD) of total length for specimens of Squalus blainvillei from southern Tunisia, eastern
Atlantic-Mediterranean, New Zealand, equatorial, western Indian Ocean and Mediterranean coasts of Spain.

Reference / area

Present study Muifioz-Chépuli and ~ Garrick (1960)

Merrett (1973) Muiioz-Chépuli

Gulf of Gabes Ramos (1989) New Zealand  equatorial western et al. (1984)
Eastern Atlantic Indian Ocean Mediterranean
Mediterranean coasts of Spain

Number of specimens N=9 N =15 N=3 N=4 =

TL range in cm 63-96.0 40.2-89.0 54.5-100.8 46.0-67.9 56.0-73.0
PCL — Precaudal length 79.06+0.62 78.93+0.98 79.57+1.83 77.95+1.32 -

PD2 — Pre-second dorsal length 63.82+3.27 - - 62.77+0.08 -

PD1 — Pre-first dorsal length 28.24+1.12 28.53+0.97 32.57+0.81 30+1.19 -

IDS — Interdorsal space 27.05+0.79 25.82+1.11 28.34+0.66 27.05+0.56 -

DCS — Dorsal-caudal space 10.32+0.54 11.03+0.47 9.77+0.65 10.87+0.5 -
HDL- Head length 20.98+1.12 20.5+0.9 20.8+0.40 22.9+0.2 -

PG1 — Prebranchial length 17.02+0.59 16.68+0.78 17.16+0.25 19.5+0.4 -

POB - Preorbital length 6.19+0.53 5.55+0.78 6.3+£0.46 5.4+0.17 -

INO - Interorbital space 7.43+0.37 - - 5.3+0.25 -
EYH - Eye height 1.81+0.25 - - 2+0.20 -

EYL — Eye length 3.86+0.23 4.03+0.39 4.37+0.21 5.22+0.12 -

PSP — Prespiracular length 10.78+0.76 - - 12.2+0.67 -

PRN - Prenarial length 4.02+0.32 - - - -

INW — Internarial space 4.16+0.26 - - - 4.48+0.29
PP2 — Prepelvic length 48.86+3.62 - - 36.39+1.4 -

PPS — Pectoral-pelvic space 21.75+0.86 22.89+1.55 - -

SVL — Pre-vent length 50.4£3.13 50.57+1.37 51+2.64 47.65%1.10 -
POR — Preoral length 8.22+0.16 8.4+0.44 10.52+0.15 -
MOW — Mouth width 7.29+0.53 7.49+0.89 5.83x0.11 6.72+1.07 -

ULA - Labial furrow length 1.93+0.37 - - - -
PINL — Pre-inner nostril length 4.3+0.15 3.41+0.65 - 4.22+0.45 -
INLF — Inner nostril-labial furrow space 4.32+0.3 - - - -
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TABLE 2 (Cont.). — Proportional dimensions as percentages (+SD) of total length for specimens of Squalus blainvillei from southern Tunisia,
eastern Atlantic-Mediterranean, New Zealand, equatorial, western Indian Ocean and Mediterranean coasts of Spain.

Reference / area Present study Muifioz-Chépuli and  Garrick (1960) Merrett (1973) Muiioz-Chépuli
Gulf of Gabes Ramos (1989) New Zealand  equatorial western et al. (1984)
Eastern Atlantic Indian Ocean Mediterranean
Mediterranean coasts of Spain

Number of specimens N=9 N =15 N=3 N =4 N=6

TL range in cm 63-96.0 40.2-89.0 54.5-100.8 46.0-67.9 56.0-73.0

First dorsal fin

DIL - First dorsal length 13.32+£0.76 - - - -

D1B —First dorsal base length 8.03+0.25 8.44+1.54 6.07+0.68 7.22+0.54 -

D11 - First dorsal inner margin 5.4+0.28 6.1+0.53 - - -

D1P — First dorsal posterior margin 9.24+0.79 - - 5.92+0.23 -

DI1A - First dorsal anterior margin 11.4+0.85 - - - -

D1H —First dorsal height 7.07+0.7 8.09+0.61 8.03+0.15 8.6+0.91 -

D1ES —First dorsal spine length 5.06+0.3 4.32+0.71 - 4.15+1.30 -

DI1BS - First dorsal spine base width 0.83+0.29

Second dorsal fin - - - -

D2L — Second dorsal length 9.45+0.61 - - - -

D2B — Second dorsal base length 5.13+0.41 6.42+1.27 4.8+0.78 4.55+0.25 -

D2I - Second dorsal inner margin 4.29+0.21 - - - -

D2P — Second dorsal posterior margin 4.93+0.46 4.79+0.46 - 6+0.62 -

D2A - Second dorsal anterior margin 7.19+0.59 - - - -

D2ES - Second dorsal spine length 5.22+0.41 4.92+0.94 - 4.2+1.01 4.69+0.45

D2BS —Second dorsal spine base width 0.87+0.2 - - - -

Pectoral fin

P1L — Pectoral length 11.46+0.52 - - - -
P1B — Pectoral base length 5.85+0.41 6.77+0.70 - 5.7+0.46 -

P11 — Pectoral inner margin 6.24 £0.36 7.18+0.51 - - 7.08+0.39
P1P — Pectoral posterior margin 11. 4+0.9 11.1+0.8 - - -
P1A — Pectoral anterior margin 13.31+0.95 13.99+1.02 14.43+0.91 15.05+0.91 13.63+0.85
P1H — Pectoral height 12.62 £0.98 - - - -
Pelvic fin

P2L — Pelvic length 9.05+1.49 9.69 +0.68 - - 9.82+0.84
P2B — Pelvic base length 5.39+0.39 - - 4.67+0.25 -

P2I — Pelvic inner margin 5.2+0.79 - - - -
P2A — pelvic anterior margin 4.76x0.9 5.86+0.72 - 5.75+0.36 -
P2H - Pelvic height 4.03+1.87 - - - -

PDI-Pelvic midpoint-2nd dorsal origin 13.32+0.62 - - - -
PDO-Pelvic midpoint-first dorsal insertion 13.66+0.53 - - - -

Gills

ING- Intergill length 4.66+0.67 4.18+0.63 - - -
GS1 — first gill-slit height 1.85+0.26 1.95+0.23 1.9+0.42 1.77+0.27 -
GS3 - third gill-slit height 2.2+0.17 2.23+0.26 - 1.85+0.31 -
GSS5 - Fifth gill-slit height 2.07+0.27 2.49+0.42 2.33+0.21 2.04+0.12 -
Caudal fin

CPH - Caudal peduncle height 2.24+0.12 - - - -
CDM - Dorsal caudal margin 20.74+0.9 - - -
CPV — Preventral caudal margin 10.15+0.99 - - - -
CFL — Caudal fork length 9.16+0.52 - - - -

CPU — Upper postventral caudal margin ~ 11.86+1.07 - - - -
CPL - Lower postventral caudal margin ~ 4.85+1.25 - - - -

CFW - Caudal fork width 6.18+0.74 - - - -
HANW — Head width at nostrils 7.28+0.55 - - - -
HAMW — Head width at mouth 10.14+0.49 - - - -
HDW — Head width 12.6+0.32 - - - -
TRW — Trunk width 10.00£0.94 - - - -
ABW — Abdomen width 10.19+0.8 - - - -
TAW - Tail width 6.4+0.15 - - - -
CPW - Caudal peduncle width 2.53+0.29 - - - -
HDH — Head height 8.76x2 - - - -
TRH - Trunk height 9.12 +0.68 - - - -
ABH — Abdomen height 8.98 +0.48 - - - -
TAH - Tail height 5.38+0.9 - - - -
Clasper

CLO - Clasper outer length 3.96+0.28 - - - -
CLI - Clasper inner length 9.40+0.11 - - - -
CLB - Clasper base width 2.18+0.84 - - - -
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F1G. 2. — (a) Squalus blainvillei, adult female 960 mm TL and (b) S.
megalops, adult female 760 mm TL from Tunisia.

RESULTS

Description of the Tunisian specimens of Squalus
blainvillei

Table 2 shows the proportional measurements of
the Tunisian specimens of S. blainvillei and Table 3
the ratios between some of these measurements. Table
4 provides the chondrocranial measurements of these
specimens.
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FI1G. 3. — Left nasal flap of (a) S. blainvillei, adult female 960 mm TL
and (b) S. megalops, adult female 760 mm TL.

S. blainvillei is a moderate-sized species of Sg-
ualus of the “mitsukurii” group: the maximum TL of
the specimens observed in Tunisia were 96.0 and 82.0
cm for females and males respectively. Body elongate
fusiform to slightly compressed (Fig. 2a). According
to the values given in Table 2, we concluded the fol-
lowing proportions: head long 20.98 (19.04-22.55)
%TL; head length fits 2.57 (2.02-4.18) times in pre-
vent length. Snout moderately long, triangular in lat-
eral view, narrowly rounded in dorsal view; horizontal
prenarial length fits 2.02 (1.76-2.29) times in preoral
length. Eye broadly oval, relatively large, length fits
5.45 (4.81-6.25) times in head, 2.17 (1.69-3) times its
height. Spiracle small, broadly crescentic; diameter of
spiracle fits 2.65 (1.4-3.85) times in eye length. Gill
openings small, oblique, subequal in size, height of

TABLE 3. — Distinctive characters of Squalus blainvillei and Squalus megalops from the Gulf of Gabés (Tunisia).

Characters Squalus blainvillei Squalus megalops
Flank denticles Tricuspid Unicuspid
Cluspers (mature males):
Claws Hook-like Bent
spurs Slender Massive
Number of cartilaginous process on each side One Two
of the basal plate of the chondrocranium
Palatoquadrate Rounded Sharpen
Vertebrae:
Precaudal centra 85-90 109-113
Total centra 71-81 91-101

First dorsal fin height to rear tip
First dorsal spine

Diagonal distance from tip to inner nostril

Preoral snout

Anterior nasal flap
Pre-second dorsal length
Pelvic midbases

Pectoral free rear tip
Posterior pectoral margin
Preventral caudal margin
Caudal fin

Half length from origin to rear tip

More than 1/2 fin base
1/2 fin anterior margin

0.9-1 times distance from
nostril to upper labial furrow

about 1-1.1 times mouth width
with small posterior secondary lobe
4.3-5.0 times pectoral-fin anterior margin

About equidistant between
first and second dorsal bases

Rounded

slightly concave

1.7-2.7 times inner margin of pelvic fin
Dusky posterior margin

Less than half length from origin

0.5-0.7 dorsal fin base
less than 1/2 fin anterior margin

0.8-1 times distance from
nostril to upper labial furrow

about 1 to 1.4 times mouth width
with a developed posterior secondary lobe
4.1-5.0 times pectoral-fin anterior margin

Closer to first dorsal base than
second dorsal bases

Angular

moderately concave

1.3-2.5 times inner margin of pelvic fin
Pale posterior margin
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TABLE 4. — Chondrocranial measurements of Squalus blainvillei and Squalus megalops from the Gulf of Gabes, and comparison through a
t-Student test (p<0.05; bold values: statistically different).

Squalus blainvillei Squalus megalops t- Student
Total length of chondrocranuim (TLC) 4.85-8.85 cm 4.00-8.70 cm
Mean SD N Mean SD

Posterior tip-precerebral fenestra 23 65.46 3.02 17 67.03 3.25 1.57
Length precerebral fenestra 23 33.41 293 17 31.95 1.61 1.85
Width precerebral fenestra 23 19.12 3.05 17 20.33 1.90 1.44
Width across nasal capsules 23 54.35 2.36 16 51.92 3.59 2.55
Interorbital width 23 31.77 2.32 16 28.72 1.79 4.40
Postorbital width 23 57.02 2.76 16 58.19 2.38 1.38
Distance between orbital processes 23 36.03 2.77 16 36.31 2.55 0.32
Width between pterotic processes 22 39.52 2.33 16 39.80 2.16 0.38
Width between hyomandibular facets 22 45.73 3.39 16 47.06 2.04 1.39
Posterior tip-rostral keel 22 68.10 2.76 16 68.43 3.21 0.34
Length rostral keel 22 19.96 2.13 16 21.02 3.16 1.24
Subthmoidean width 22 14.37 2.12 16 13.60 1.54 1.21
Width basal angle 22 19.10 1.85 16 20.01 1.56 1.58
length basal plate 22 46.61 2.53 16 46.24 1.75 0.49
Width anterior basal plate 22 22.02 3.73 17 20.58 1.72 1.47
Width between processes of basal plate 22 31.37 2.25 17 33.39 3.61 2.14
Maximum sagital height 22 37.54 3.24 16 37.13 3.85 0.35
Width of foramen magnum 22 9.88 1.70 16 9.68 1.50 0.38

first gill slit 1.85 (1.32-2.3)%TL; fifth gill slit wrap-
ping around pectoral fin origin. Nostrils small, anterior
nasal flap with posterior secondary lobe rather large
(Fig. 3a); internarial space fits 1.98 (1.86-2.27) times
in preoral length. Mouth arched, width fits 1.13 (1.00-
1.36) times in preoral length; upper labial furrows 1.93
(1.26-2.56) %TL, continued as prominent grooves ex-
tending posterior-laterally from angle of jaws. Teeth
similar in both jaws, small, compressed, and with a
single cusp deeply notched and outward end strongly
oblique (Fig. 4a); 27 teeth in upper jaw, 24 in the lower
jaw. Dermal denticles of flank below first dorsal fin

F1G. 4. — Tooth of lower jaw of (a) S. blainvillei, adult female 960
mm TL and (b) S. megalops, adult female 714 mm TL.

(a) (b)

FIG. 5. — Cusps of flank denticle of (a) S. blainvillei, adult female
960 mm LT and (b) S. megalops, adult female 760 mm TL.

tricuspid (Fig. 5a). First dorsal fin origin posterior of
pectoral insertions and spine origin over pectoral in-
ner margins and well in front of their rear tip; pre-first
dorsal fin length fits 3.54 (3.26-3.74) times in TL;
first dorsal-fin length 1.9 (1.44-2.45) times its height,
1.54 (1.09-2.48) times second dorsal-fin length; first
dorsal-fin height 1.85 (1.56-2.15) times second dorsal
fin height; first dorsal spine 0.7 (0.6-0.79) times fin
height, 0.63 (0.58-0.7) times fin base. Second dorsal
fin smaller than first, inner margin length 1.13 (1.0-
1.37) times fin height; second dorsal-fin length 2.38
(1.37-3.0) times its height; second dorsal spine length
1.35 (1.2-1.60) times fin height; fin-spine origin well
behind free rear tip of pelvic fin, exposed below level
of junction with spine and fin; second spine with broad
base, slender distally. Interdorsal space fits 1.04 (0.97-
1.11) times in pre-first dorsal fin length. Pectoral fin
large, anterior margin weakly convex, apex rounded;
posterior margin concave to nearly straight; inner mar-
gin length 6.24 (5.71-6.88)%TL, free-rear tip narrowly
rounded; base fits 2.28 (2.02-2.78) times in anterior
margin length. Pelvic fins small, anterior and posterior
margins almost straight, apex broadly rounded, free
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FI1G. 6. — Dissected chondrocranium of (a) S. blainvillei, adult male 780 mm TL, showing the single lateral process of the basal plate and (b)
S. megalops, adult female 714 mm TL, showing the two lateral processes of the basal plate.

rear tip narrow, acute. Precaudal tail tapering to caudal
fin, broadly semicircular posteriorly, ventral groove
well developed; prominent lateral keels extending
posteriorly from below insertion of second dorsal fin
past caudal fin insertion; dorsal-caudal space fits 2.62
(2.45-2.85) times in interdorsal space; upper and lower
precaudal pits present, upper pit more pronounced than
lower pit. Caudal fin well developed, dorsal caudal
margin 20.74 (19.69-22.76)%TL, fits 0.01 (0.8-1.14)
times in head length, without a subterminal notch.
Chondrocranial basal plate with a single lateral proc-
ess (Fig. 6a); posterior tip-precerebral fenestra 65.64
(59.52-72.22)%TLC; width across nasal capsules
54.35 (50.97-60.0)%TLC; interorbital width 31.77
(25.71-36)%TLC; width between processes of basal
plate 31.37 (24-34.92)%TLC (Table 4). Claspers (in
mature males): hook-like spurs and slender claws (Fig.
7a). Rounded palatoquadrate cartilage (Fig. 8a).
Coloration: When fresh, uniform grey brown dor-
sally, white below; dorsal and caudal fins grey, first
dorsal-fin anterior base and free rear tip paler than rest

F1G. 7. — Claw (left) and spur (right) of clasper of (a) Squalus blain-
villei, adult male 780 mm TL and (b) S. megalops, adult male 680
mm TL.

of fin, second dorsal-fin anterior base not darker than
rest of fin, dorsal-fin tips and upper posterior margin
with narrow black margin; pectoral, pelvic and caudal
fins grey with white posterior margins and tips; naked
axils of fins and pectoral origin dusky; eyes bright
green in life.
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FiG. 8. — Radiograph of the head of (a) S. blainvillei, adult female 960 mm TL, showing the rounded palatoquadrate cartilage and (b) S.
megalops, adult female 760 mm TL, showing the angular palatoquadrate cartilage.

TABLE 5. — Proportional dimensions as percentages of total length for specimens of Squalus megalops from southern Tunisia, southern Aus-
tralia, Qeensland, Western Australia, eastern Atlantic-Mediterranean and Spanish waters.

Reference / area Present study Lastet al. (2007)  Lastetal. (2007)  Lasteral (2007)  Chdpuliand  Chapuli ez al.
Gulf of Gabés  southeastern Australia  Queensland western Australia  Ramos (1989) (1984)
eastern-Atlantic Mediterranean
Mediterranean coasts of

Morroco

Number of specimens N=9 N=6 N=3 N=4 N=34 N=24

TL range in cm 33-69.5 37.3-52.7 32.8-38.4 41.4-54.1 31.8-74.2 48.5-68.0

Mean Min. Max. Mean Min. Max. MeanMin. Max. Mean Min. Max. Mean +SD Mean+SD
PCL-Precaudal length 78.69 76.25 80.34 777 76.1 793 7185 77.8 189 184 77.7 79.2  78.92+1.08 -
PD2-Pre-second dorsal length 6241 59.74 6430  61.6 60.6 623 612 60.5 624 614 60.2 62.1 - -
PD1-Pre-first dorsal length 29.48 2841 30.70 302 29.1 31.6 30.6 299 31.6  29.6 29.1 30.2  28.99+0.89 -
SVL-Pre-vent length 48.32 46.29 4985 485 47.6 50.1 465 46.1 472 479 459 504  49.18+2.06 -
PP2-Prepelvic length 46.73 44.87 48.53 474 464 499 45 448 454 469 455 49.1 - -
PP1-Prepectoral length 20.88 18.16 22.12  21.5 204 232 226222 229 219 209 23 - -
PG1-Prebranchial length 17.88 16.76 19.79 185 17.7 198 189 18.6 192 183 17.8 19.1 16.62+0.88 -
PSP-Prespiracular length 12.82 11.36 16.06 125 11.5 135 129 128 13 12.3 12.1 12.7 - -
POB-Preorbital length 6.83 6.18 7.27 7 64 175 72 7 74 7 64 74 6.01+0.51 -
PRN-Prenarial length 423 3.88 448 39 37 41 43 42 44 42 39 44 3.49+0.57 -
POR-Preoral length 8.84 798 9.39 91 86 99 9.7 93 99 92 89 97 8.65+0.83 -
MOW-Mouth width 7.86 748 853 8.1 7.8 8.6 83 8 85 82 78 8.6 - -
ULA-Labial furrow length 233 202 272 23 21 24 24 23 25 24 22 27 - -

INW-Internarial space 398 371 4.19 45 43 47 47 46 19 1.5 42 48 3.830.26 3.82+0.20
INO-Interorbital space 728 697 173 88 84 98 91 88 93 84 76 9 - -
EYL-Eye length 419 359 484 48 44 54 5 49 5 48 43 53 4.27+0.53 -
EYH-Eye height 210 169 24 22 19 26 23 21 25 25 23 29 - -
SPL-Spiracle length 1.24 1.00 146 14 1.0 17 14 12 15 1.6 15 1.7 - -
GS1-first gill-slit height 1.99 151 2.60 23 2 24 1.9 1.8 19 22 19 24 2.00+0.30 -
GS5-Fifth gill-slit height 209 176 253 24 21 25 25 23 26 22 18 24 2.46+0.39 -
IDS-Interdorsal space 2542 2277 2759 248 24 253 246232 258 253 237 26 24.49%1.9 -
DCS-Dorsal-caudal space 1093 949 1181 104 95 109 122115 127 107 99 12 11.16+0.60 -
PPS-Pectoral-pelvic space 21.72 20.29 2346 223 209 26.1 19.1 18 203 226 20.5 246  23.10+2.64 -
PINL-Pre-inner nostril length 434 395 454 - - - - - - - - - - -

INLF-Inner nostril-labial furrow space 4.55 4.17 4.74 - - - - - - - - - - -
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TABLE 5 (Cont.). — Proportional dimensions as percentages of total length for specimens of Squalus megalops from southern Tunisia, southern
Australia, Qeensland, Western Australia, eastern Atlantic-Mediterranean and Spanish waters.

Reference / area Present study Last et al. (2007)  Lastetal. (2007)  Lasteral (2007)  Chdpuliand  Chapuli er al.
Gulf of Gabes  southeastern Australia  Queensland western Australia  Ramos (1989) (1984)
eastern-Atlantic Mediterranean
Mediterranean coasts of

Morroco

Number of specimens N=9 N=6 N=3 N=4 N=34 N=24
TL range in cm 33-69.5 37.3-52.7 32.8-38.4 41.4-54.1 31.8-74.2 48.5-68.0

Mean Min. Max. Mean Min. Max. MeanMin. Max. Mean Min. Max. Mean +SD Mean+SD
First dorsal fin
DI1L-First dorsal length 13.56 13.09 14.14 144 138 15.1 133 12.7 137 14 133 149 - -
D1A-First dorsal anterior margin 1136 1056 13.73 11.5 11.1 124 11.1 103 122  11.5 10.8 12.2 - -
D1B-First dorsal base length 7.63 727 802 82 79 89 76 72 8 83 7.7 89 8.06+0.75 -
D1H-First dorsal height 6.06 5.60 6.56 7 61 74 64 62 6.6 72 7 15 8.48+0.81 -
D1I-First dorsal inner margin 568 512 625 63 61 66 57 57 57 59 54 63 - -
D1P-First dorsal poster or margin 771 683 841 83 66 9 79 76 8.1 79 15 8.1 6.72+0.54 -

DI1ES-First dorsal spine length 458 4.09 5.08 3 24 33 3 29 32 33 3 34 4.63+0.49 -
DI1BS-First dorsal spine base width 092 078 1.06 0.8 0.7 0.8 0.7 06 07 07 06 0.8 - -

Second dorsal fin

D2L-Second dorsal length 1026 9.10 11.60 12 11 127 12.1 11.6 128 122 11.8 12.8 - -
D2A-Second dorsal anterior margin 825 748 933 101 94 106 98 9.6 103 105 10.1 11 - -
D2B-Second dorsal base length 528 464 613 71 64 15 72 69 176 75 7.1 82 6.98+1.40 -
D2H-Second dorsal height 349 3.03 423 4 36 46 37 32 4 39 37 43 5.20£1.1 -
D2I-Second dorsal inner margin 497 447 550 49 45 53 49 45 51 49 47 5 -

D2P-Second dorsal posterior margin ~ 4.65 3.83 529 45 37 53 45 42 49 41 39 44 5.74+0.38 -
D2ES-Second dorsal spine length 598 533 556 43 36 5 46 4 5 45 42 46 5.37+0.92 5.61+0.67
D2BS-Second dorsal spine base width  0.91 0.71 1.06 08 08 0.9 0.8 07 08 08 0.8 09 - -

Pectoral fin

P1L-Pectoral length 1295 1194 13.63 - - - - - - - - - - -
P1A-Pectoral anterior margin 14.12 13.03 1525 143 13.6 149 125123 126 143 13.7 15.1 15.3+0.83 15.26+0.96
P1I-Pectoral inner margin 740 661 826 82 74 62 84 717 88 9 84 97 9.34+0.69 9.29+0.66
P1B-Pectoral base length 561 515 622 53 44 57 53 49 58 49 44 53 6.51+0.76 -
P1P-Pectoral posterior margin 11.31 10.17 1232 11.6 108 12.7 104 9.6 109 11.2 103 123  1220+0.97 -
P1H-Pectoral height 12.82 11.51 13.63 - - - - - - - - - - -
Pelvic fin

P2L-Pelvic length 1038 9.56 1132 105 99 115 106 99 112 104 99 108  11.21+1.15 11.55+0.95
P2A-Pelvic anterior margin 524 502 572 - - - - - - - - - - -
P2I-Pelvic inner margin 501 382 684 55 42 68 58 51 68 59 48 6.6 - -
P2B-Pelvic base length 505 4.06 592 - - - - - - - - - - -
P2P-Pelvic posterior margin 637 526 727 - - - - - - - - - - -
P2H-Pelvic height 299 240 352 48 43 52 47 45 51 49 47 52 - -

PDI-Pelvic midpoint-2nd dorsal origin  12.14 10.18 13.69 - - - - - - - - - - .
PDO-Pelvic midpoint-1s dorsal insertion 13.39 12.07 14.59 - - - - - - - - - - R

Caudal fin
CDM-Dorsal caudal margin 1943 1638 21.82 209 20 214 20.1 193 209 20.6 20.2 21.1 21.36+0.76 -
CPV-Preventral caudal margin 9.54 845 1080 11 105 11.3 10.6 104 107 109 107 11 -

CPU-Upper postventral caudal margin 13.30 11.53 15.57 159 150 16.6 14.6 141 153 152 145 159 11.39+1.14 -
CPL-Lower postventral caudal margin  4.07 4.64 348 43 4.0 4.6 36 34 37 46 38 5.6 -

CFW-Caudal fork width 6.65 606 705 7.1 66 75 70 69 7.1 70 66 173 - -
CFL-Caudal fork length 841 720 932 95 89 102 95 93 938 94 92 96 - -
HANW-Head width at nostrils 722 625 787 67 63 76 69 67 72 6.7 63 7.1 - -
HAMW-Head width at mouth 1021 891 1121 11.6 11.1 128 125123 127 11.61109 12.6 - -
TRW-Trunk width 10.36 855 11.84 121 11.2 132 108 103 11.7 122 11.3 145 11.29+0.59 -
ABW-Abdomen width 10.57 9.82 11.65 109 10.1 122 100 9.1 11.0 10.8 10.0 11.5 - -
TAW-Tail width 690 575 868 68 64 72 72 69 74 70 64 7.6 - -
CPW-Caudal peduncle width 278 233 363 30 24 36 30 29 3l 3.0 28 33 - -
HDH-Head height 848 753 997 105 92 115 106 101 114 102 93 109 - -
TRH-Trunk height 7.84 646 1026 113 95 134 11.0 104 120 11.8 10.5 13.1 - -
ABH-Abdomen height 799 6.66 982 113 9.1 144 117 104 134 115 95 95 - -
TAH-Tail height 6.79 565 820 7.1 60 76 7.1 60 7.6 72 63 77 - -
CPH-Caudal peduncle height 218 191 235 24 23 25 22 22 23 24 22 25 - -
Clasper

CLO-Clasper outer length 386 383 391 39 39 39 34 26 4.1 28 36 39 - -
CLI-Clasper inner length 998 9.69 1047 96 96 96 96 92 10 74 9.6 10 - -
CLB-Clasper base width 149 131 170 18 18 1.8 1.6 15 1.6 1.1 14 1.6 - -
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Description of the Tunisian specimens of Squalus
megalops

The proportional measurements of the Tunisian
specimens of S. megalops and the ratios between some
of these measurements are given in Tables 5 and 3 re-
spectively. Chondrocranial measurements are shown in
Table 4.

S. megalops is a moderate-sized species of Squalus
of the “megalops-cubensis” group: the maximum TLs
of the specimens observed in Tunisia were 74.2 and
72.0 cm for females and males respectively.

Body elongate fusiform to slightly compressed
(Fig. 2b). Head long 20.88 (18.16-22.12)%TL; head
length fits 2.26 (1.88-2.6) times in pre-vent length.
Snout moderately long, triangular in lateral view,
narrowly rounded in dorsal view, horizontal prenarial
length fits 2.08 (2.0-2.18) times in preoral length. Eye
broadly oval, relatively large, length fits 5.02 (4.25-
5.69) times in head, 2.01 (1.72-2.62) times height.
Spiracle small, broadly crescentic; greatest diameter
fits 3.40 (2.66-4.20) times in eye length. Gill openings
small; subequal in size, height of first gill slit 1.99
(1.51-2.60)%TL,; fifth gill slit wrapping around pec-
toral fin origin. Nostrils small, anterior nasal flap with
a small posterior secondary lobe (Fig. 3b); internarial
space fits 2.22 (2.05-2.34) times in preoral length.
Mouth arched, width fits 1.12 (1.06-1.17) times in
preoral length; upper labial furrows 2.33 (2.02-2.72)
%TL, continued as prominent grooves extending
posterior-laterally from angle of jaws. Teeth similar
in upper and lower jaws; lower teeth unicuspid, elon-
gated, interlocking; cusps directed strongly laterally
(Fig. 4b); 27 teeth in upper jaw, 24 in the lower jaw.
Dermal denticles on flank below first dorsal fin uni-
cuspid (Fig. 5b). First dorsal fin origin posterior to
pectoral insertions and spine origin over pectoral in-
ner margins and well in front of their rear tip; pre-first
dorsal fin length fits 3.39 (3.25-3.51) times in TL; first
dorsal-fin length 2.24 (2.09-2.38) times its height,
1.32 (1.14-1.52) times second dorsal-fin length; first
dorsal-fin height 1.63 (1.5-2.1) times second dorsal
fin height; first dorsal spine 0.75 (0.54-0.86) times
fin height, 0.59 (0.53-0.68) times fin base. Second
dorsal fin smaller than first, inner margin length 1.33
(0.72-1.7) times fin height; second dorsal-fin length
2.76 (2.55-3.40) times its height; second dorsal spine
length 1.59 (0.80-2.03) times the fin height; fin-spine
origin well behind free rear tip of pelvic fin; second
spine with broad base, slender distally. Interdorsal
space fits 1.16 (1.04-1.29) times in pre-first dorsal
fin length. Pectoral fin large, anterior margin weakly
convex, apex rounded; posterior margin concave; in-
ner margin length 7.4 (6.61-8.28) %TL, free-rear tip
narrowly angular; base fits 2.52 (2.17-2.88) times in
anterior margin length. Pelvic fins small, anterior and
posterior margins almost straight, apex broadly round-
ed, free rear tip narrow, acute. Precaudal tail tapering
to caudal fin, broadly semicircular posteriorly, ven-
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FI1G. 9. — UPGMA consensus dendrogram of Rogers and Tanimoto’s

(1960) dissimilarity among individuals analysed. Bootstrap values

on branching points represent the number of times (in percentage) a
particular cluster group was formed out of 10000 iterations.

tral groove developed; dorsal-caudal space fits 2.33
(2.1-2.72) times in interdorsal space; upper and lower
precaudal pits present, upper pit better defined than
lower pit. Caudal fin well developed, dorsal caudal
margin 19.63 (18.38-21.82) %TL, fits 1.8 (0.91-1.29)
times in head length, without a subterminal notch.
Chondrocranial basal plate with two lateral processes
on each side (Fig. 6b); posterior tip-precerebral fe-
nestra 67.03 (61.93-73.52)%TLC; width across nasal
capsules 51.92 (45.0-55.69)%TLC; interorbital width
28.72 (25.31-31.74)%TLC; width between processes
of basal plate 33.39 (20.61-36.84)%TLC (Table 4).
Cluspers (in mature males): bent spurs and massive
claws (Fig. 7b), angular palatoquadrate cartilage (Fig.
8b).

Coloration: When fresh, uniform grey brown dor-
sally, white below; dorsal and caudal fins grey, first
dorsal-fin anterior base and free rear tip paler than rest
of fin; dorsal fins apex dusky; pectoral, pelvic and cau-
dal fins grey with white posterior margins and tips; na-
ked axils of fins and pectoral origin dusky; eyes bright
green in life.

Table 3 summarises the main differences between
the two Squalus species occurring in Tunisian waters.
The external characters listed in this table are sufficient
for field identification of these commercial species.

Genetic studies
ISSR method

The ISSR molecular analysis separated the Tunisian
specimens into two clusters (species). The ISSR pro-
files were characterised by 71 polymorphic loci. The
amplified DNA fragment lengths (for all primers) were
approximately from 247 to 1922 pb. Maltagliati et al.
(2005) defined a locus as ‘‘fully diagnostic’” when it
produced bands in all individuals of one species and
not in the other, and ‘‘nearly diagnostic’” when it pro-
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duced species-specific bands in some individuals (but
not all) of one species and not in the other species. We
detected 2 fully diagnostic and 9 nearly diagnostic loci
in the presumed species S. blainvillei and only 6 nearly
diagnostic loci in the second species S. megalops. The
UPGMA dendrogram of Rogers and Tanimoto’s (1960)
dissimilarities was characterised by high bootstrap sup-
port and clearly separated the studied individuals into
two clusters (Fig. 9).

Molecular barcoding method

Figures 10a and 10b provide the topology of the
neighbour-joining K2P tree for the sequences analysed
by Ward et al. (2007), among which we inserted the
sequences of the Tunisian samples. The sequence of
the Tunisian specimen of S. blainvillei appears as a
separate cluster set apart from the Australasian Squa-
lus species (Fig.10a), whereas the Tunisian specimen
of S. megalops is included in the S. megalops cluster
(Fig.10b), which indicates that it has similarities with
the Australian S. megalops.

DISCUSSION

Morphological and biological similarities among
squalids have led to considerable confusion over their
taxonomy (Myakov and Kondyurin, 1986). The taxo-
nomic status of S. blainvillei is problematical as there
are no extant types and the description and figures of
Risso (1827) do not correspond to any known species
of Squalus (Chen et al. 1979, Muifioz-Chapuli and
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Ramos 1989). This led Garrick (1960), in a review of
the Australian species of Squalus, to incorrectly syno-
nymise S. griffini and S. fernandinus (Molina, 1782)
with S. blainvillei. However, in a review of Japanese
Squalus, Chen et al. (1979) defined S. blainvillei as
a species with high dorsal fins and long dorsal-fin
spines based on their examination of Japanese material
and descriptions of S. blainvillei from its type local-
ity, the northern Mediterranean. They observed that
Squalus, referring to S. fernandinus and S. blainvillei
by Bigelow and Schroeder (1948) and Garrick (1960),
had short dorsal-fin spines and were more similar to
S. mitsukurii from Japan, and suggested that nominal
S. blainvillei from New Zealand could be identical to
S. mitsukuri. Compagno (1984) also noted that dogfish
resembling S. mitsukurii occurred off Australia and
New Zealand, and he did not recognise S. blainvillei
from the Southern Hemisphere.

Actually, both S. blainvillei and S. megalops were
identified from the Mediterranean Sea based on mor-
phometry in a previous study (Mufioz-Chdpuli and
Ramos 1989), but the occurrence of S. megalops in
the region has been questioned by other authors (Last
and Stevens 1994). Thus, we expanded this study by
including other morphometric characters and a mo-
lecular study to confirm that S. megalops occurs as a
valid species in the Mediterranean Sea.

Our results show that the longnose spurdog is not
characterised by its high first dorsal fin and spine as
considered by Compagno (1984) following Chen et
al. (1979), but rather it is a short-spine species. We
compared our data for S. blainvillei with the measure-
ments given by other authors for this species in differ-
ent regions. While these data generally agree, there are
some differences in the morphometrics between popu-
lations. S. blainvillei from the equatorial western In-
dian Ocean has a longer prebranchial length (19.5+0.4
versus 17.02+0.59%TL), a smaller interorbital space
(5.3£0.3 versus 7.43+0.37%TL), a shorter prepelvic
length (36.4+1.4 versus 48.86 +3.62%TL), a longer
preoral length (10.5+0.2 versus 8.22+0.16%TL) and a
shorter first dorsal-fin posterior margin (5.9+0.2 ver-
sus 9.24+0.79%TL). S. blainvillei from New Zealand
has a longer pre-first dorsal length (32.5+0.8 versus
28.24+1.12%TL), and a smaller mouth (5.8+0.1% ver-
sus 7.29+0.53%TL). Squalus blainvillei specimens ex-
amined herein and those specimens studied by Springer
and Garrick (1964), Bass et al. (1976), Merrett (1973),
Muiioz-Chépuli et al. (1984) and Mufioz-Chépuli and
Ramos (1989) have similar vertebral counts.

The Tunisian Squalus megalops species are consist-
ent for characters typifying the “megalops-cubensis”
group and fit the description of S. megalops from Aus-
tralian waters (Last et al. 2007b), as well as the eastern
Atlantic-Mediterranean (Mufioz-Chépuli and Ramos
1989) and Mediterranean waters (Mufloz-Chapuli et
al. 1984). Its presence in the Mediterranean Sea has
been considered doubtful by many authors. In addition,
Last and Stevens (1994) suggested that the southern
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TABLE 6. — Vertebral counts and dental formula in Squalus blainvillei and S. megalops. References: 1, present study, Gulf of Gabes; 2,

Springer and Garrick (1964), Italy; 3, Merrett (1973), Equatorial western Indian Ocean; 4, Bass et al. (1976), East coast of southern Africa; 5,

Muiioz-Chépuli et al. (1984), Mediterranean coasts of Morocco; 6, Mufioz-Chapuli and Ramos (1989), Eastern-Atlantic - Mediterranean; 7,

Present Study, Gulf of Gabes; 8, Springer and Garrick (1964), Japan; 9, Bass ef al. (1976), East coast of southern Africa; 10, Mufioz-Chapuli

et al. (1984), Mediterranean coasts of Morocco; 11, Mufioz-Chdpuli and Ramos (1989), Eastern-Atlantic - Mediterranean; 12, Last et al.
(2007), Australian waters.

Squalus blainvillei

Squalus megalops

References 1 2 3 4 5 6 7 8 9 10 11 12
Monospondylous 45 - 38 44 44 38 37
trunkal vertebrae 46 45 46 37 - 41 40 40
Precaudal vertebrae 85 78 70 80 88 71 79 77 78
(mono. + diplos. Vertebrae) 90 79 92 90 87 90 81 80 81 82 81 84
Total number of vertebrae 109 106 95 91 102
113 108 120 - - 101 106 - - - 110

Dental formula-number

Upper jaw 14-13 11-14 14-13

Lower jaw 12-12 - 11-12 - - 12-12 - - - - -

Australian S. megalops could be distinct from mega-
lops like spurdogs in other parts of the world, and that
S. megalops might be endemic to Australia. However,
the story may be even more complicated. Recent mor-
phological studies have shown that more than a single
form of this species exists in Australian seas (Last,
unpublished data).

Specimens described from other areas clearly
agree with our Tunisian samples of S. megalops for
most of the morphometric characters (Table 5). How-
ever, there are some morphometric differences: the
Australian S. megalops studied by Last et al. (2007b)
has a larger internarial space 4.5 (4.3-4.7) versus 3.9
(3.7-4.1)%TL, a larger eye 5.0 (4.9-5.0) versus 4.1
(3.5-4.8)%TL, a longer second dorsal fin 12.0 (11.0-
12.7) versus 10.2 (9.1-11.6)%TL; a longer anterior
margin and base second dorsal fin 10.1 (9.4-10.6)
versus 8.2 (7.4-9.3)% TL and 7.1 (6.4-5.2) versus
5.2 (4.6-6.1)%TL respectively, and a higher pelvic
fin 4.8 (4.3-5.2) versus 2.9 (2.4-3.5)%TL. Eastern
Atlantic-Mediterranean specimens have a higher first
dorsal fin 8.5+£0.8 versus 6.0 (0.2 / 5.6-6.5)%TL
and a longer pectoral-fin inner margin 9.3+0.7 ver-
sus 7.4 (6.6-8.2 / £0.2)%TL. The Mediterranean S.
megalops studied by Muifioz-Chdpuli et al. (1984)
also had a longer pectoral-fin inner margin 9.2+0.6
versus 7.4 (6.6-8.2 / +0.2)%TL. Tunisian specimens
of Squalus megalops had similar vertebral counts
to those studied by Springer and Garrick (1964)
(Indo-Pacific), Bass et al. (1976) (South Africa),
Muiioz-Chépuli et al. (1984) (Mediterranean coasts
of Spain), Mufioz-Chépuli and Ramos (1989) (east
Atlantic) and Last er al. (2007b) (south Western
Australia, Queensland). They had a low number of
monospondylous centra (37), typical of the Squalus
megalops-cubensis group (Mufioz-Chdpuli and Ra-
mos, 1989), and a relatively high number of precau-
dal centra (81), which is somewhat fewer than in S.
blainvillei (Table 6).

Ledoux (1970) and Merret (1973) pointed out a
close similarity between S. blainvillei and S. megalops,

when compared with S. acanthias and S. asper. Moreo-
ver, the relationships between the snout tip and nostril
distance and the distance from the nostril to the preoral
clefs, which were proposed by Bass et al. (1976) as
the best features for discriminating between species of
the genus Squalus, proved to be of little use for dis-
criminating our material. However, the differences in
morphometrics observed in our study allow these two
species to be differentiated. In addition, the presence of
two lateral processes on each side of the basal plate in
S. megalops (only one in S. blainvillei) also allows the
two species to be discriminated. The chondrocranium
of S. megalops has a narrower interorbital distance and
smaller olfactory capsules than that of S. blainvillei.

Molecular analysis (ISSR and barcoding methods)
evidenced the non-conspecificity of these species and
the similarity between the Tunisian Squalus megalops
and the “true” Australian S. megalops.

The external characters of S. blainvillei and S. meg-
alops can be used for their field identification. How-
ever, these results should be completed by an analysis
of the ontological stages to determine variability. The
main traits of their life history (reproduction, diet, dis-
tribution), which are currently under study, should also
provide more information on their respective biologies
and help to differentiate them.
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