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ABSTRACT

The present study aimed to describe the dorsal fin measurements used
to differentiate between some shark species in Egyptian Mediterranean
waters. A total of 43 specimens of sharks were seasonally collected from
the commercial catch of the Mediterranean Sea land fish markets in
Alexandria, during the period from May 2017 to June 2018. Morphometric
characters of dorsal fin were recorded for each specimen. Many photos had
been captured for each shark specimen to be processed by Image J software
to calculate different ratios of morphological aspects for dorsal fin.

Results showed that the collected specimens belong to 8 species
(Heptranchias perlo, Hexanchus griseus, Squalus megalops, Centrophorus
uyato, Oxynotus centrina, Squatina squatina, Isurus oxyrinchus and Isurus
paucus) and three species of them (Heptranchias perlo, Squalus megalops
and Isurus paucus) are a new record in the Egyptian Mediterranean waters.
The morphological aspects of dorsal fin in these eight shark species were
greatly varied in shape.

The morphological aspects of studied shark species proved the
potential capability of this method for shark species identification. The
statistical analysis of morphometric ratios showed significant variances
between investigated species. Our study attempted to add more update
information on shark dorsal fin morphological and dimensional scaling.

INTRODUCTION

The Mediterranean Sea was a semi-enclosed marine area with generally narrow
continental shelf, lies between Europe, Asia and Africa (about 6°W and 36°E Long.
and Lat. 30° to 46°N) and covers an were of approximately 2.5 million square
kilometers, with an average depth of about 1.5 kilometers and a volume of 3.7 million
cubic kilometers (UNEP, 1989). The Egyptian Mediterranean Sea coast attained
about 1100 km. It extends from El-Salloum in the West to El-Arish in the East

(Mehanna et al., 2005).

Sharks and their relatives (the batoids and chimaeras) comprise the
Chondrichthyes fish, are a group of more than 1100 species, of which more than 400
were sharks (Compagno, 2005). Shark fins were the most valuable of shark products
and used to make traditional shark fin soup, a delicacy in the Chinese culture. Shark
fins removed from the body neatly to avoid including the fleshy lower part of the fin.
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They were then dried and packed for marketing (Clarke et al., 2006). The first
dorsal considered the most valuable fins on most sharks and shark-like batoids and
usually sold as a set (Musick, 2005).

The shark’s dorsal fin considered a key feature in taxonomy and identification
of sharks in their natural habitat or after capturing by fishermen. Many wild life
rangers classify sharks using photos of shark’s dorsal fin when they swim near the
surface. In Addition to the economic value of shark fins, many fishermen tend to cut
off shark’s fins and sold it in market; so the remaining of shark without its fins
leaving us with question of the type of the shark and if it considered endangered
species or not??. So, the need for more data and information about shark dorsal fin
become essential.

Therefore, the present study aimed to describe the dorsal fin measurements
used as taxonomic characters between some shark species in Egyptian Mediterranean
waters.

MATERIALS AND METHODS

Collection sites

Alexandria is located about 223 Km North of Cairo and lies at 31°12'56.3"N &
29°57'18.97"E. Four Fish land markets (EI-Max, Anfushi, Abu-Qir and Al-Maadia)
were the main sites for shark specimen collection at the shoreline of Alexandria (Fig.
1).

Anfushi

Fig. 1: Map showing Alexandria coast of Egyptian Mediterranean Sea.

Samples collection

A total of 43 specimens of sharks belong to 8 species (7 of Heptranchias perlo,
5 of Hexanchus griseus, 10 of Squalus megalops, 8 of Centrophorus uyato, one of
Oxynotus centrina, 8 of Squatina squatina, 2 of Isurus oxyrinchus and 2 of Isurus
paucus) were seasonally collected from the commercial catch of Mediterranean Sea
at fish market in Alexandria (Fig. 1); during the period from May 2017 to June 2018.
Shark specimens were freshly examined. Total length was measured to the nearest
millimetres and recorded for each specimen. Many photos had been captured for each
shark specimen to process by Image J software for calculating different ratios of
morphological aspects of dorsal fin. Sharks were preserved in 10% formalin solution
and transported to laboratory of Marine Biology, Zoology Department, Faculty of
Science, Al-Azhar University, Cairo, Egypt for latter examinations. In the laboratory,
sharks were identified according to FAO (2005) and the following studies were
carried out.
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Dorsal fin measurements
To study morphometric features of the dorsal fin (D.) in sharks, the following
measurements (Figure 2) were recorded for it according to Marshall and Barone
(2016):
Free rear tip (D. A): The distance between fin insertions to the end of the free rear
tip.
Fin base (D. B): The distance between fin origin to the fin insertion; i.e. the length of
the dorsal fin base.
Anterior margin (D. E): The distance between the dorsal fin origin and the fin tip.
Total fin width (D. F): The distance between anterior ends of fin base to the end of
the free rear tip.
Upper posterior margin (D. H;): The distance between the tip of the fin and the
deepest point of the concave curve of the posterior margin.
Lower posterior margin (D. H): The distance between the deepest points of the
concave curve of the posterior margin to the end of the free rear tip.
Posterior margin (D. 1): The distance between the fin tip to the posterior tip of the
free rear tip.
Fin angle (D. J°): The angle between the direct fin height (K) and the he mid-fin
base (12 B).
Fin height (direct) (D. K): Distance from the mid-fin base (B) to the tip of the fin.
Fin height (absolute) (D. L): Perpendicular distance from the fin baseline (B) to the
tip of the fin.
Anterior margin height (D. Ah): The greatest distance (perpendicular) between line
E and the anterior margin of the fin, anterior to line E.
Posterior margin depth (D. Bh): The greatest distance (perpendicular) between line
| and the posterior margin of the fin, anterior to line I.
Upper posterior margin convex depth (D. Dh): The greatest distance
(perpendicular) between the line H and the posterior margin of the fin, posterior
to line H.
Upper posterior margin concave depth (D. Eh): The greatest distance
(perpendicular) between the line H and the posterior margin of the fin, anterior
to line H.
Data analysis
Statistical analysis and graphics of data was conducted by using Microsoft
Excel, Minitab 18.0 and Pc-Ord 5.0 software, under windows programs.

Fig. 2: Diagrammatic representation of morphometric measurements of dorsal fin of sharks
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RESULTS

In the present study, 8 species of sharks (Heptranchias perlo, Hexanchus
griseus, Squalus megalops, Centrophorus uyato, Oxynotus centrina, Squatina
squatina, Isurus oxyrinchus and Isurus paucus) were collected from the Egyptian
Mediterranean waters, at Alexandria. These shark species belong to 6 families and 4
orders. Three species of them (Heptranchias perlo, Squalus megalops and Isurus
paucus) are new records in the Egyptian Mediterranean waters (Table 1).

Table 1: Classification of the studied shark species collected from Egyptian Mediterranean waters,
during the period from May 2017 to June 2018.

Order Family Species No. Local name New
record
. . Heptranchias perlo 7 N +
Hexanchiformes  Hexanchidae Hexanchus griseus 5 qﬁ!‘ e A
Squalidae Squalus megalops 10 YY) b i +
Squaliformes Centrophoridae  Centrophorus uyato 8 oweall Jeldl i 8
Oxynotidae Oxynotus centrina 1 Sl Aadall i 8
Squatiniformes Squatinidae Squatina squatina 8 Al i 8
. . Isurus oxyrinchus 2 B_maill ddie 3N 53 SLa i A
Lamniformes Lamnidae Isurus paucus 2 Ay shall daie Sl 53 Sle (58 +

Dorsal fin of studied shark species is one or two parts with small, moderate and
large in size. Triangular, rectangular, sail-like, leaf-like and sickle in shape. Anterior
margin is concave or convex in shape and the posterior margin is concave in shape
with round, blunt and pointed tips. The back margin is concave. One spine located on
the anterior dorsal fin or absent. Color is dark tone, dark, light, glimmering, reddish,
reddish dark tone, central white with dark edges, dark above and light below, black
dots and light tone. Free rear tip is small, moderate and large in size.

Order: Hexanchiformes:
Family: Hexanchidae:
Heptranchias perlo

The dorsal fin of H. perlo is small in size, anterior and posterior margins are
concave in shape with round tip and dark tone of color with pinkish concave back
margin. Free rear tip is moderate in size (Figure 3A). Dorsal fin base (D.B) ranges
between 4.37 and 6.77 cm with an average of 5.53+0.84 cm, while fin height (D.K)
varies from 3.43 to 4.64 cm with an average of 3.94+0.44 cm (Table 2).

Dorsal fin height (absolute) (D.L) is attaining 48.99-54.22%, 60.64-63.66% and
86.1-90.83% of the total fin width (D.F), anterior margin (D.E) and fin height
(direct) (D.K) respectively with an average of 51.23+1.92%, 62.03+1.07% and
88.7£1.54% respectively. Fin posterior height (D.J) and posterior margin depth
(D.Bh) varies from 86.26 to 89.06% and 8.02-10.21% of the posterior margin (D.I)
with averages of 87.32+0.96 % and 8.91+0.86%, respectively. Free rear tip (D.A)
fluctuates between 29.13 and 31.97% of the fin base (D.B) with an average of
30.22+1.18%. Anterior margin height (D. Ah) attains 3.22-5.02% of the anterior
margin (D.E) with an average of 4.18+0.84% (Table 2). Upper posterior margin
convex (D. Dh), upper posterior margin concave depth (D.Eh) and upper posterior
margin (D.hy) attaining 15.77-16.97%, 3.76-6.11% and 26.98-32.08% of the lower
posterior margin (D.H;) with averages of 16.32+0.42%, 4.61+0.91% and
28.85+1.73%, respectively (Table 2).
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Table 2: Morphometric measurements and ratios of dorsal fin in shark species collected from Egyptian Mediterranean waters at Alexandria, during the period from May 2017

to June 2018.
Species No Desc. D.B D.K D.L/ D.L/ D.L/ D.J/ D.A/ D.Bh/ %E'hl/ %ihl/ Db'é‘é‘/ DD'.HHZI
Stat. (cm) (cm) DF(@®) DE(%) DK(%) D.I(%) DB(%) D.I(%) %) %) %) %)
Rangs 4.37- 3.43- 48.99- 60.64- 86.1- 86.26- 29.13- 8.02- 15.77- 3.76- 3.22- 26.98-
H. perlo ; 6.77 4.64 54.22 63.66 90.83 89.06 31.97 1021 16.97 6.11 5.02 32.08
: Mean+ 553+ 394+  51.23+ 62.03+ 88.7+ 87.32+ 3022+ 891+ 1632+ 461+ 4.18+ 28.85+
SD 0.84 0.44 1.92 1.07 154 0.96 1.18 0.86 0.42 0.91 0.84 1.73
12.85- 7.59- 53.28- 94.09- 25.15- 6.48- 5.2- 1.53- 2.93-
H. griseus ! Range g 97 1237 5736 2967678 4o 8619729 o9 8.06 6.83 3.03 614 1689432
: Meant  17.12+ 1057+  54.98+ 67.55+ 96.07+ 93.17+ 27.06% 7.3+ 6.13+ 2.39+ 4.5+ 27.93+
SD 2.97 181 1.68 6.53 1.87 4.46 158 0.74 0.59 0.64 1.46 10.71
Range 313 5,,, 4652 56.82- 77.53- 82.49- 82.05- 7.48- 7.95- 3.64- 4.26- 47.03-
S. megalops 10 3.96 52.4 69.11 90.43 89.22 89.16 10.95 1239 9.67 7.45 57.68
: Mean+  3.54+ 372+ 4934+ 63.38+ 84.65+ 85.68+ 8549+  9.14+ 10.2+ 6.1+ 5.78+ 52.84+
SD 0.31 0.29 1.92 3.66 3.9 2.42 277 0.97 1.39 2.09 1.05 3.27
Range 365- L, spg  OL84- 48.28- 80.42- 60.42- 66.61- 7.83- 7.57- 1.14- 4.55- 43.26-
. uyato o 8.91 37.31 59.33 88.12 71.03 76.15 10.4 11.28 2.49 5.83 48.89
: Meant  5.17+ 3.7+ 34.25+ 53.51+ 83.31+ 65.57+ 7011+  8.66% 9.22+ 1.87+ 5.17+ 46.19+
SD 1.67 1.46 1.98 4.09 2.54 3.19 3.2 0.82 115 0.56 0.44 2
Range - - -- - - -- -- -- -- -- -- --
O. centrina ! Mg‘g‘i 6.35 6.68 78.9 93.28 98.62 98.5 3574 1546 - 9.6 3.93 265.61
3.78- 80.72- 67.22- 81.04- 125.65- 4542-  1403-  1451- 8.75- 48.81-
Range  2.28-7.8 113 86.9 74.45 85.48 1343 53.11 16.32 17.36 - 10.16 53.37
S. squatina 7 ) . ) ’ ) ; . . ' ’
Meant  4.42+ 6.41+  82.96+ 70.43+ 83.9+ 129.1+ 5012+ 1526+ 1592+ 9.47+ 51.2+
SD 1.9 2.59 2.09 2.15 1.58 2.95 3.25 0.81 1.22 - 0.5 1.81
6.83- 72.68- 81.53- 95.52- 94.76- 21.39- 7.31- 1.79- 10.7- 22.22-
1. oxyrinchus ) Range 81588 7.59 75.24 83.11 97.1 95.46 2584 0178l g4y 2.62 11.93 23.32
: Mean+  8.47+ 721+  73.96+ 82.32+ 96.31+ 95.11+ 2361+  6.98+ 7.84+ 2.2+ 11.32+ 2277+
SD 0.46 0.53 1.81 111 111 0.49 3.14 1.17 0.74 0.58 0.86 0.77
Range 2315~ 2085 6798 80.48- 96.54- 89.11- 28.19-  19.61-  10.76- 3.98- 10.68- 43.82-
|, patcus ) 271 24.84 69.18 80.65 97.98 94.02 29.83 20.83 10.89 433 11.47 44.76
: Meant 2513+ 2284+ 6858+ 80.56+ 97.26+ 9157+ 2001+ 2022+  10.83+  4.16+ 11.07+ 44.29+

SD 2.79 2.81 0.85 0.12 1.01 3.46 1.16 0.86 0.09 0.25 0.56 0.66
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Hexanchus griseus

The dorsal fin of H. griseus is small in size and triangular in shape with dark in
color. Free rear tip is moderate in size (Figure 3B). Dorsal fin base (D.B) ranges
between 12.85 and 19.97 cm with an average of 17.12+2.97 cm, while fin height
(D.K) varies from 7.59 to 12.37 cm with an average of 10.57+1.81 cm (Table 2).

Dorsal fin height (absolute) (D.L) attain 53.28-57.36%, 59.6-76.78% and
94.09-98.39% of the total fin width (D.F), anterior margin (D.E) and fin height
(direct) (D.K) with averages of 54.98+ 1.68%, 67.55+ 6.53% and 96.07+ 1.87%,
respectively. On the other hand, fin posterior height (D.J) and posterior margin depth
(D.Bh) ranging 86.1-97.29% and 6.48-8.06% of the posterior margin (D.l) with
averages of 93.17+4.46% and 7.3+£0.74%, respectively. Free rear tip (D.A) fluctuates
between 25.15 and 29.41% of the fin base (D.B) with an average of 27.06+1.58%.
Anterior margin height (D.Ah) attains 2.93-6.14% of the anterior margin (D.E) with
an average of 4.5+£1.46%. Upper posterior margin convex (D.Dh), upper posterior
margin concave depth (D.Eh) and upper posterior margin (D.H;) varies 5.2-6.83%,
1.53-3.03% and 16.89-43.2% of the lower posterior margin (D.H;) with averages of
6.13+0.59%, 2.39+0.64% and 27.93+10.71%, respectively (Table 2).

Order: Squaliformes:
Family: Squalidae:
Squalus megalops

Dorsal fin of S. megalops is moderate in size, anterior margin is convex and
posterior margin is concave in shape with light in color and round tip. One spine
located on the anterior dorsal fin and relatively equal to the half fin height. Free rear
tip is large in size (Figure 3C). Dorsal fin base (D.B) ranges between 3.13 and 3.96
cm with an average of 3.54+0.31 cm, while fin height (D.K) varies between 3.23 and
4.1 cm with an average of 3.72+0.29 cm (Table 2).

Dorsal fin height (absolute) (D.L) fluctuates 46.52-52.4%, 56.82-69.11% and
77.53-90.43% of the total fin width (D.F), anterior margin (D.E) and fin height (direct)
(D.K) with averages of 49.34+1.92%, 63.38+3.66% and 84.65+3.9%, respectively. On
the other hand, fin posterior height (D.J) and posterior margin depth (D.Bh) attain
82.49-89.22% and 7.48-10.95% of the posterior margin (D.I), with averages of
85.68+2.42% and 9.14+0.97%, respectively. Free rear tip (D.A) attains 82.05-89.16%
of the fin base (D.B) with an average of 85.49+2.77%. Anterior margin height (D.Ah)
attains 4.26-7.45% of the anterior margin (D.E) with an average of 5.78+1.05%. Upper
posterior margin convex (D.Dh), upper posterior margin concave depth (D.Eh) and
upper posterior margin (D.H2) attain 7.95-12.39%, 3.64-9.67% and 47.03-57.68% of
the lower posterior margin (D.H1) with an average of 10.2+1.39%, 6.1+2.09% and
52.84+3.27%) respectively (Table 2).

Family: Centrophoridae:
Centrophorus uyato

The dorsal fin of C. uyato is small in size, triangular in shape with round tip and
glimmering color. One spine located on the anterior dorsal fin and relatively equal to
the third fin height. Free rear tip is large in size (Figure 3D). Dorsal fin base (D.B)
ranges between 3.65 and 8.91 cm with an average of 5.17+1.67 cm, while fin height
(D.K) ranges between 2.5 and 6.68 cm with an average of 3.7+1.46 cm (Table 2).

Dorsal fin height (absolute) (D.L) attain 31.84-37.31%, 48.28-59.33% and 80.42-
88.12% of the total fin width (D.F), anterior margin (D.E) and fin height (direct) (D.K)
with averages of 34.25+1.98%, 53.51+4.09% and 83.31+2.54%, respectively. Fin
posterior height (D.J) and posterior margin depth (D.Bh) ranging 60.42-71.03% and
7.83-10.4% of the posterior margin (D.I) with averages of 65.57+£3.19% and
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8.66+0.82%, respectively. Free rear tip (D.A) attains 66.61-76.15% of the fin base
(D.B) with an average of 70.11+3.2%. Anterior margin height (D.Ah) fluctuates
between 4.55 and 5.83% of the anterior margin (D.E) with an average of 5.17+0.44%.
Upper posterior margin convex (D.Dh), upper posterior margin concave depth (D.Eh)
and upper posterior margin (D.H2) attain 7.57-11.28%, 1.14-2.49% and 43.26-48.89%
of the lower posterior margin (D.H1) with averages of 9.22+1.15%, 1.87+0.56% and
46.19+2%, respectively (Table 2).

10 em

Fig. 3: Dorsal fin of (A) Heptranchias perlo, (B) Hexanchus griseus, (C) Squalus megalops, (D)
Centrophorus uyato, (E) Oxynotus centrina, (F) Squatina squatina, (G) Isurus oxyrinchus, (H)
Isurus paucus.
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Family: Oxynotidae:
Oxynotus centrina

The dorsal fin of O. centrina is relatively large in size and sail-like in shape with
reddish dark tone in color. One small spine located on the anterior dorsal fin. Free rear
tip is small in size (Figure 3E). Dorsal fin base (D.B) is 6.35 cm, while fin height
(D.K) is 6.68 cm (Table 2).

Dorsal fin height (absolute) (D.L) attain 78.9%, 93.28% and 98.62% of the total
fin width (D.F), anterior margin (D.E) and fin height (direct) (D.K), respectively. Fin
posterior height (D.J) and posterior margin depth (D.Bh) attain 98.5% and 15.46% of
the posterior margin (D.I) respectively. Free rear tip (D.A) attains 35.74% of the fin
base (D.B). Anterior margin height (D.Ah) attains 3.93% of the anterior margin (D.E).
Upper posterior margin concave depth (D.Eh) and upper posterior margin (D.H2)
attain 9.6% and 265.61% of the lower posterior margin (D.H1), respectively (Table 2).
Order: Squatiniformes:

Family: Squatinidae:
Squatina squatina

Dorsal fin of S. squatina is relatively small in size and leaf-like in shape with
reddish color (Figure 3F). Dorsal fin base (D.B) ranges between 2.28 and 7.8 cm with
an average of 4.42+1.9 cm, while fin height (D.K) varies from 3.78 to 11.3 cm with an
average of 6.41+2.59 cm) (Table 2).

Dorsal fin height (absolute) (D.L) attain 80.72-86.9%, 67.22-74.45% and 81.04-
85.48% of the total fin width (D.F), anterior margin (D.E) and fin height (direct)
(D.K), respectively with averages of 82.96+2.09%, 70.43+2.15% and 83.9+1.58%. Fin
posterior height (D.J) and posterior margin depth (D.Bh) ranging 125.65-134.3% and
14.03-16.32% of the posterior margin (D.l) with averages of 129.1+2.95% and
15.26+0.81%. Free rear tip (D.A) attains 45.42-53.11% of the fin base (D.B) with an
average of 50.12+3.25%, respectively. Anterior margin height (D.Ah) varies from 8.75
to 10.16% of the anterior margin (D.E) with an average of 9.47+0.5%. Upper posterior
margin convex (D.Dh) and upper posterior margin (D.H,) fluctuate 14.51-17.36% and
48.81-53.37% of the lower posterior margin (D.H;) with averages of 15.92+1.22% and
51.2+1.81%, respectively (Table 2).

Order: Lamniformes:
Family: Lamnidae:
Isurus oxyrinchus

The dorsal fin of I. oxyrinchus (Figure 3G) is relatively small in size and more
like triangular in shape with rounded tip and centrally white color with dark edges.
Free rear tip is small in size. Dorsal fin base (D.B) ranges between 8.15 and 8.8 cm
with an average of 8.47+£0.46 cm, while fin height (D.K) varies from 6.83 to 7.59 cm
with an average of 7.21+0.53 cm (Table 2).

Dorsal fin height (absolute) (D.L) attaining 72.68-75.24%, 81.53-83.11% and
95.52-97.1% of the total fin width (D.F), anterior margin (D.E) and fin height (direct)
(D.K) with averages of 73.96+1.81%, 82.32+1.11% and 96.31+1.11%, respectively.
Fin posterior height (D.J) and posterior margin depth (D.Bh) attaining 94.76-95.46%
and 6.15-7.81% of the posterior margin (D.l) with averages of 95.11+0.49% and
6.98+1.17%, respectively. Free rear tip (D.A) varies from 21.39 to 25.84% of the fin
base (D.B) with an average of 23.61+3.14%. Anterior margin height (D.Ah) fluctuates
between 10.7 and 11.93% of the anterior margin (D.E) (average: 11.32+0.86%). Upper
posterior margin convex (D.Dh), upper posterior margin concave depth (D.Eh) and
upper posterior margin (D.H) attain 7.31-8.37%, 1.79-2.62% and 22.22-23.32% of the
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lower posterior margin (D.H;) with averages of 7.84+0.74%, 2.2+0.58% and
22.77+0.77% respectively (Table 2).
Isurus paucus

The dorsal fin of I. paucus (Figure 3H) is large in size, more like triangular in
shape with rounded tip, dark above and light below in color. Free rear tip is small in
size. Dorsal fin base (D.B) ranges between 23.15 and 27.1 cm with an average of
25.13+2.79 cm, while fin height (D.K), varies from 20.85 to 24.84 cm with an average
of 22.84+2.81 cm (Table 2).

Dorsal fin height (absolute) (D.L) attaining 67.98-69.18%, 80.48-80.65% and
96.54-97.98% of the total fin width (D.F), anterior margin (D.E) and fin height (direct)
(D.K) with averages of 68.58+0.85%, 80.56+0.12% and 97.26+1.01%, respectively.
Fin posterior height (D.J) and posterior margin depth (D.Bh) ranging 89.11-94.02%
and 19.61-20.83% of the posterior margin (D.l) with averages of 91.57+3.46% and
20.22+0.86%, respectively. Free rear tip (D.A) fluctuates between 28.19 and 29.83%
of the fin base (D.B) with an average of 29.01+1.16%. Anterior margin height (D.Ah)
attains 10.68-11.47% of the anterior margin (D.E) with an average of 11.07+0.56%.
Upper posterior margin convex (D.Dh), upper posterior margin concave depth (D.Eh)
and upper posterior margin (D.H,) attain 10.76-10.89%, 3.98-4.33% and 43.82-44.76%
of the lower posterior margin (D.H;) with averages of 10.83+£0.09%, 4.16+0.25% and
44.29+0.66%, respectively (Table 2).

Statistical analysis:

Due to the rarity and hard to find Oxynotus centrina, only represented by one
specimen. However, the statistical analysis came along to what to be expected refusing
null hypothesis, and proving the validation of dorsal fin morphometric measures to
separate and classify studied shark species. Revealing that, in the future the finding of
more replicates from this species could improve what already have been obtained.

The difference in the mean values among the different levels of species is
greater than would be expected by chance after allowing for effects of differences in
factor. There is a statistically significant difference (P = <0.001). To isolate which
group (s) differ from the others use a multiple comparison procedure. Power of
performed test with alpha = 0.0500: for Species: 1.000, ratios show significant
variance between different species revealed its capability as classifying tool (Table
3). Multi-variant data analysis was conducted to evaluate the potential of species
separation using dorsal fin morphometric measurements.

Table 3: Fisher pairwise comparisons: species grouping information using Fisher LSD method and 95%
Confidence for dorsal fin morphometric ratios of shark species, collected from Egyptian
Mediterranean waters at Alexandria, during the period from May 2017 to June 2018.

Species Grouping
O. centrina A
S. squatina B
l. paucus B
S. megalops
I. oxyrinchus
H. griseus
H. perlo
C. uyato
Means that do not share a letter are significantly different.

OO0
(R URUAW) W)

As shown in (Figure 4), 2-way cluster analysis (Heat map) shows color
graded variables on which the species has been clustered, showing the similarities
and the differentiations between contribute variables. dorsal fin morphometric ratios
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result in perfect claustration of Hexanchiformes, Lamniformes, Squatiniformes and
Squaliformes species into separate clades, revealing the great potentiality of using
dorsal fin morphometric ratios for classification.
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Fig. 4: Tow way cluster analysis (Heat map) for dorsal fin morphometric ratios using Euclidean

distance measure with Ward’s group linkage method of shark species (color coded to their
orders), collected from Alexandria, during the period from May 2017 to June 2018.

2-D ordination graph (Figure 5) shows species specimens represented as
triangular points, while different variables represented as arrows with direction
towards its positive correlated species within ordination and the variable length reveal
more or less correlation value. Reveal the ratios on which closely related species
share positive correlation with. 3-D ordination (Figure 6) explains that, the species is
actually localized in 3D dimensional space with the effecting variables adding more
clarification on the understanding of the simplified 2D dimensional ordination. The
ratios: D.L/D.E, D.L/D.F and D.Dh/D.H has the highest correlation value among
other contributed ratios, while the lowest correlation value was (D.H,/D.H).
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Fig. 6: 3D principal component analysis (PCA) for dorsal fin morphometric ratios of shark species
(color coded to their species), collected from Alexandria, during the period from May 2017 to
June 2018.

DISCUSSION

The shark's dorsal fin considered a key feature in taxonomical and
identification of sharks in their natural habitat or after capturing by fishermen (FAO,
2005). In the present study, the morphological aspects of dorsal fin of Heptranchias
perlo, Hexanchus griseus, Squalus megalops, Centrophorus uyato, Oxynotus
centrina, Squatina squatina, Isurus oxyrinchus and Isurus paucus proved the
potential capability for shark species identification. Three species of them
(Heptranchias perlo, Squalus megalops and Isurus paucus) are new records in the
Egyptian Mediterranean waters.
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In the present study, the dorsal fin of H. perlo is small in size, anterior and
posterior margins are concave in shape with rounded tip and dark tone of color with
pinkish concave back margin. The average of dorsal fin base (D.B) and fin height
(D.K) was 5.53+0.84 cm and 3.94+0.44 cm. This result was nearly similar to the
result recorded at the female of the same species and higher than male from Northern
Tunisian coast, Central Mediterranean Sea (Reynaud and capapé, 2014).

In the present study, the dorsal fin of H. griseus is small in size and triangular
in shape with dark in color. The shape and average of dorsal fin measurements was
matching with the result recorded at the same species from Baja California Sur,
Mexico (Becerril-Garcia et al. 2017).

In the present study, the dorsal fin of S. megalops is moderate in size, anterior
margin is convex and posterior margin is concave in shape and light in color with
round tip. One spine located on the anterior dorsal fin and relatively equal to the half
fin height. This description was similar to that obtained at the same species by
Marouani et al. (2012).

In the present study, the dorsal fin of C. uyato is small in size, triangular in
shape with round tips and glimmering color. One spine located on the anterior dorsal
fin and relatively equal to the third fin height. This result was similar to that obtained
at the same species by White et al. (2008).

In the present study, the dorsal fin of O. centrina is relatively large in size and
sail-like in shape with reddish dark tone in color. One small spine located on the
anterior dorsal fin. The description of dorsal fin was similar to that obtained at the
same species by Megalofonou & Damalas (2014) and Kousteni and Megalofonou
(2016). In the present study, the average of dorsal fin base (D.B), fin height (D.K)
and posterior margin depth (D.Bh) of O. centrina were nearly similar with the results
recorded at the same species from Eastern Mediterranean Sea (Megalofonou et al.
2009) and lower than that recorded from Eastern Adriatic Sea (Dragicevic et al.,
2009) and in Saros Bay, North Aegean Sea, Turkey (Y1gin et al., 2016).

In the present study, the dorsal fin of S. squatina is relatively small in size and
leaf-like in shape with reddish in color. The description of dorsal fin was similar to that
obtained at the same species by Cavallaro et al. (2015). In the present study, the dorsal
fin measurements of S. squatina were lower than that recorded at the same species
from Tyrrhenian coast of the Strait of Messina (Cavallaro et al., 2015). The differences
in measurements may be due to differences in sex or length of data in different
localities. The statistical analysis of morphometric ratios showed significant variance
between investigated species.

CONCLUSION

The morphological aspects of studied shark species proved the potential
capability for shark species identification. The statistical analysis of morphometric
ratios showed significant differences between investigated species. Our study
attempted to add more information and update on the sharks dorsal fin morphological
and dimension scaling.

REFERENCES

Becerril-Garcia, E.E.; Aguilar-Cruz, C.A.; Jiménez-Pérez, A.A. and Galvan-Magafia,
F. (2017). New record and morphometry of the bluntnose sixgill shark,



Morphological aspects of dorsal fin shark species in Egyptian Mediterranean 587

Hexanchus griseus (Chondrichthyes: Hexanchidae) in Baja California Sur,
Mexico. Lat. Am. J. Aquat. Res., 45(4): 833- 836.

Cavallaro, M.; Danze, A.; Ammendolia, G. and Navarra, E. (2015). Finding of a rare
Squatina squatina (Linnaeus, 1758) (Chondrichthyes: Squatinidae) along the
Tyrrhenian coast of the Strait of Messina and its maintenance in an aquarium.
Marine Biodiversity Records, Vol. 8 (44): 1-4.

Clarke, S.; Magnusson, J.E.; Abercrombie, D.L.; McAllister M. and Shivji, M.S.
(2006). Identification of shark species composition and proportion in the
Hong Kong shark fin market based on molecular genetics and trade records.
Cons. Biol., 20: 201- 211.

Compagno, L.J.V. (2005). Checklist of living Chondrichthyes. In: Reproductive
Biology and Phylogeny of Chondrichthyes. Hamlett, W.C. (ed.). Plymouth,
UK, Science Publishers, P. 503-548.

Dragicevi¢, B.; Dulci¢, J. and Capapé, C. (2009). Capture of a rare shark, Oxynotus
centrina (Chondrichthyes: Oxynotidae) in the Eastern Adriatic Sea. Journal of
Applied Ichthyology, 25: 56- 59.

FAO (Food and Agriculture Organization of the United Nations) (2005). FAO Species
Identification Guide for Fishery Purposes, Field Identification Guide to the
Sharks and Rays of the Mediterranean and Black Sea. FAO United Nations,
Rome, ltaly, Pp: 97.

Kousteni, V. and Megalofonou, P. (2016). Observations on the biological traits of the
rare shark, Oxynotus centrina (Chondrichthyes: Oxynotidae) in the Hellenic
Seas. Journal of Fish Biology, 89(3): 1880- 1888.

Marouani, S.; Chadba, R.; Kadri, H.; Saidi, B.; Bouain, A.; Maltagliati, F.; Last, P.;
Séret, B. and Bradai, M.N. (2012). Taxonomic research on Squalus megalops
(Macleay, 1881) and Squalus blainvillei (Risso, 1827) (Chondrichthyes:
Squalidae) in Tunisian waters (central Mediterranean Sea). Scientia Marina,
76(1): 97-109.

Marshall, L.J. and Barone, M. (2016). Shark Fin Guide: Identifying Sharks from Their
Fins. FAO, Rome.

Megalofonou, P. and Damalas, D. (2014). Morphological and biological characteristics
of a gravid angular rough shark (Oxynotus centrina) and its embryos from the
Eastern Mediterranean Sea. Cybium., 28(2): 105- 110.

Megalofonou, P.; Damalas, D. and de-Metrio, G. (2009): Biological characteristics of
blue shark, Prionace glauca, in the Mediterranean Sea. Journal of the Marine
Biological Association of the United Kingdom, 89(6): 1233 - 1242.

Mehanna, S.F.; Haggag, H.M. and Amin, A.M. (2005). A preliminary evaluation of
the status of Southeastern Mediterranean fisheries of Egypt (Port Said
Region). The 9th conference about the fisheries resources in Mediterranean,
Tanta Univ. 2" October.

Musick, J.A. (2005). Shark utilization. In: Elasmobranch Fisheries Management
Techniques. FAO Fisheries Technical Paper. Musick, J.& Bonfil, R. (eds.).
Rome, P. 223- 236.

Reynaud, C. and Capapé, C. (2014). Additional records of a rare Elasmobranch
species, sharpnose seven-gill shark, Heptranchias perlo (Hexanchidae) off the
Northern Tunisian coast (Central Mediterranean). Annales. Ser. hist. nat., 24
(2): 99- 106.

UNEP (United Nations Environment Program), (1989). Directory of Marine and
Coastal protected areas in the Mediterranean Region Part (1): Sites of



588 Ahmad M. Azab et al.

biological and ecological value. MAP Technical Reports Series No.26.
Athens.

White, W.T., Ebert, D.A. & Compagno, L.J.V. (2008). Description of two new
species of gulper sharks, genus Centrophorus (Chondrichthyes: Squaliformes:
Centrophoridae) from Australia, pp. In: Descriptions of New Australian
Chondrichthyans. Last, P.R.; White, W.T. and Pogonoski, J.J. (eds.). CSIRO
Marine & Atmospheric Research Paper., P. 1-21.

Yigm, C.C.; Ismen, A. and Onal, U. (2016). Occurrence of a rare shark, Oxynotus
centrina (Chondrichthyes: Oxynotidae), from Saros Bay, North Aegean Sea,
Turkey. J. Black Sea/Mediterranean Environment, 22(1): 103- 109.

ARABIC SUMMARY

0565 gl A Aald B LEI g Al e (e £ 55 Ailall Ay jgdal) ddic 31 dua ol 68 ) gall ) gl
-7 sa,'u.ﬁs.u‘g\ ‘%Jm.“kujm‘ )A-.m DQA‘;AUIUJM\ u'aa..\l

‘tlehl\Jmmiém‘*ghﬂs.\:\u.\muihms‘&\d&&.\mcﬂ\,ﬁmwc‘gjsMmi
wéﬁm\}é‘y\xugegﬂ»@so\ﬁg\g;eﬁugme#w -
T gl ¢ 5b s 331 el pstell 2 (1l e o ¢ fond) pgle A Y

Alasd ¢15 Gramy ( maill Taddtud) 4y jedall Caile J) bl Ciua sy ) Al D ) cis
JSi g5l 8 ) i A il land (g6 diie 43 maend &3 Ay jeaal) Jass giall il slia & 3
YOIV sle e bl OMA ¢ aSuYl lland) a cilila 8 Jas il janll g ladl) apall (e a5
S sl o el Bl a5 A (S 4 el Adie HU 4 e 8 ) sall Cldall Jaaasi o5 Y VA 50353 )
L o)y sall linall Adliaall casil) Clusad Image J gl s Aol 53 Lgtindlea 50 i il dllasd (pe Aie
A el dgie 50

da i e Y JSal b dalin S 4y jedall Aaie S0 A gl b ) sall il o) gl o ekl
A 5 85 o 5l S AaaN (3585 ppmaall Delal) (585 W) el 85 W) e (58 5 Y
Lol a3 A8l 1 9331 (g0 4330 0 G ALy shall Adie Sl 53 5Sle (4 858 il Adie ) 53 Sle (85
50 5Sle Gy ) pead (a5 i) ol i) (a5 T siall el & el sbad) 8550 J5Y
AL skl e )

SN @land ¢ s e 5l Ll 4y jedall ddie 30 dam o) 68 ) sall clul@ll (o gl ¢ jekil
L pall gl sl 5l Jae o) ) 150 Tl 4 jia gy sl nill Slan ) Jilatl) jelaf daliadl)
A £l V) Saall Ay jedall Adie 3 Ciliial s aladiul o sl s Cile slaall (e 2y 3l dil|
A e (e




