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1. Introduction

   Interest in skates is increasing because of their 
prevalence as by-catch in groundfish fisheries throughout 
the world[1]. The family Rajidae is considered to be 
one of the most vulnerable elasmobranch groups to 

overexploitation[2].  
   Off the Tunisian coasts, Dipturus oxyrinchus (D. 
oxyrinchus) is frequently captured as by-catch of demersal 
trawl throughout the year. In the Mediterranean Sea, no 
studies on distribution and morphometric characters of 
D. oxyrinchus were reported, but some information of 
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Objective: To investigate biometrics of Dipturus oxyrinchus (D. oxyrinchus), including length-weight 
relationships, total length (TL), disc width (DW), distance measured of snout tip to eye, width of the 
mouth, distance from snout tip to first dorsal, and the numeric characters in the Gulf of Gabes. 
Methods: Monthly sampling was conducted commercial bottom-trawl during December 2006 
and January 2007, operating at a depth of 80-185 m. The TL, DW, distance of snout tip to eye, width 
of the mouth, distance from snout tip to first dorsal were measured to the nearest 0.1 cm and the 
weight was measured to the nearest 0.1 g. The parameters a and b were estimated by the least 
squares regression method.
Results: A total of 520 D. oxyrinchus was ranged from 16.5 to 105.0 cm in TL and 30-5 300 g in 
total mass were analyzed during this study. The overall sex ratio was significantly different from 
the expected value of 1:16 (df=1, χ2=3.38, P<0.05), and there was significant difference in the TL 
(t-test=16.53, df=520, P<0.05). There was significant difference in the regression slopes between 
sexes for the TL and DW relationship (t-test=17.53, df=520, P<0.05). The b value for the TL/ weight 
relationship for males D. oxyrinchus sampled in this study (3.01) was lower than that for female 
(3.23). Morphometric characters were strongly positively correlated for TL.
Conclusions: This study reported the first description of biometric relationships for D. 
oxyrinchus, which would be useful for the sustainable conservation of this rear fishery in the Gulf 
of Gabes and also form the basis for their inclusion in a regional security programme.  

Peer reviewer
Dr. Md. Yeamin Hossain, Assistant 
Professor, Department of Fisheries, 
Faculty of Agriculture, University of 
Rajshahi, Rajshahi 6205, Bangladesh.
Tel: +88-01751566077
Fax: 88-0721-750064
E-mail: yeamin.fish@ru.ac.bd;
             yeamin2222@yahoo.com

Comments
This manuscript is written well. 
Authors used some statistical tests. 
Results of this research will be 
effective for the conservation of this 
rare fish in the Gulf of Gabes and also 
form the basis for their inclusion in a 
regional security programme.
Details on Page 509

journal homepage: www.jclmm.com

Article history:
Received 24 Jan 2014 
Received in revised form 10 Feb, 2nd revised form 20 Feb, 3rd revised form 28 Feb 2014
Accepted 5 Jun 2014 
Available online 16 Jun 2014



Hasna KADRI et al./Journal of Coastal Life Medicine 2014; 2(7): 505-510506

its reproductive biology has been collected from some 
restricted areas[3,4].
   In spite of the increasing fishing pressure, there is a 
paucity of information on longnosed skate life history 
resulting in an assessment of ‘Near Threatened’ on IUCN Red 
List assessments for Chondrichthyans in the Mediterranean 
Sea[5]. 
   The purpose of the current study is to: (1) provide the 
distribution bathymetric of this species, (2) determine 
some morphometric characters for both sexes, (3) 
establish numeric characters for both sexes. This paper 
presents significant new information on the distribution, 
morphometric and numeric characters of the skate D. 
oxyrinchus. 

2. Materials and methods

2.1. Study area

   The Gabes region is located in Southern Tunisia and 
in Southern Mediterranean Sea. It extends along 750 km 
representing 58% of the Tunisian coast[6]. It extends from 
the city of Chebba (35.3°N) in the north of the region to the 
Island of Djerba (33.8°N) in the south, a distance of 200 km. 
In breadth, it extends from 10°E to just under 11.2°E.
   The annual cycle of water temperature is very pronounced 
(13 °C to 29 °C) and resembles that of a lagoon. In summer, 
the particularly high temperatures and salinities (38‰ 
to 39‰) lead to the appearance of red algae. The second 
important feature of the Gulf of Gabes is the amplitude 
of the high tide which attains 1.8 m, the highest in the 
Mediterranean.
   The salinity remains fairly stable throughout the year. It 
was recorded with high concentrations in summer (47‰-
48‰) and often in winter (40‰-42‰).
   The area is locally the most important fishing area and 
comprises most of the Tunisian fishing fleet. The gulf is a 
highly productive zone, one of the highest in the Eastern 
Mediterranean.

2.2. Sex ratio and population structure 

   The sex ratio according to fish size provides a useful tool 
to examine the biological characteristics of the fish species, 
such as sexual inversion, longevity in relation to sex, 
vulnerability to fishing gear and the spatial, seasonal and 
even daily distribution of species.

   Samples of D. oxyrinchus (240 females and 280 males) 
were landed monthly by the commercial fleets in the Gulf of 
Gabes (Figure 1). All specimens were sexed and sized. The 
sex ratio was analyzed by using a Chi-square test.
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Figure 1. Map of the study area, indicating the sampling location (Gulf of 
Gabes, Southern Tunisia, Central Mediterranean). 

   The size frequency was analyzed at a 5 cm interval standard 
length class using a histogram to determine the type of 
distribution, which characterizes the fish population. 
   The Kolmogorov-Smirnov test[7] was applied to evaluate 
differences in the population size distributions between sexes. 

2.3. Sampling and general biological measurements

   A total of 520 D. oxyrinchus specimens were collected 
monthly in the Gulf of Gabes between December 2006 and 
January 2007 from commercial bottom-trawl landings in the 
Gulf of Gabes and using a beam trawl lasted for 2 h, during 
both day and night. Specimens were captured use a 22-mm 
stretched-mesh size cod-end, operating at a depth of 80-185 
m (Figure 1).
   Length-frequency distributions of females and males were 
compared using the Kolmogorov-Smirnov two-sample test 
(Figure 2).

Figure 2. Length-frequency distributions (5 cm length classes) of female and 
male D. oxyrinchus sampled in Gulf of Gabes (Tunisia).
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   All specimens were sexed and sized including total length 
(TL, cm), disc width (DW, cm), distance measured of snout tip 
to eye (SE, cm), width of the mouth (WM, cm) and distance 
from snout tip to first dorsal (SD1, cm). The sex ratio was 
analyzed by using a Chi-square test (χ2).
   The TL was measured to the nearest 0.1 cm, weight was 
measured to the nearest 0.1 g and the sex was determined 
by macroscopic observation of the gonads.
   The length-total mass relationships of all collected 
samples were determined by the expression TM=aLb, where 
TM is the derived weight (g), L is the TL (cm). The parameters 
a and b of the length-weight relationships were estimated 
by the least squares regression method. The significance 
of the regression was different from the predictions for 
isometric growth (b=3). Equations expressing the length/
total mass relationships were calculated for sex.
   The slopes of the logarithmic relationships TL-TM and 
TL-DW were compared between the sexes with student’s 
t-tests[8].
   The mathematical function suggested by Zar[9] was used in 
estimating:
   W=aLb

   Where W is the total body weight (g), L the TL (cm), a and 
b are the coefficients of the functional regression between 
W and L. An allometric coefficient b value larger or smaller 
than 3.0 shows an allometric growth, or isometric growth 
when it is equal to 3.0[4]. In order to confirm whether the b 
values obtained in the linear regressions were significantly 
different from the isometric value (b=3), t-test for 
independent samples were used. 
   The allometric equation Y=aXb was used to define the 
relationship between the TL (cm), DW (cm), SE cm), WM (cm), 
SD1 (cm) where Y is the various dimensions (TM, DW, SE, WM, 
SD1 (cm) respectively, and X is the TL (cm).
   The parameters a and b were estimated by linear 
regression analysis (least-squares method) of log-
transformed data, and to count numeric characters tooth 
rows were counted directly on specimens by making 
incisions at the jaw angles to expose the teeth, the tooth 
shape was noted (the number of the tooth rows lower, the 
number of the tooth rows upper jaw, number of pectoral 
fin rays, number of nictitating lamellae, number of 
pseudobranchial lamellae, the number of the Trunchal 
vertebrae.
   The parameters of distribution (average) and parameters 
of dispersion (minimum, maximum, ecartype, interval 
of confidence) of this morphometric characters were 
calculated.

3. Results 

   This study provides morphometric information for the 
Mediterranean skate D. oxyrinchus in Southern Tunisian 
waters (Gulf of Gabes).
   A total of 520 D. oxyrinchus (240 females and 280 males) 
was sampled with an overall female: male (F:M) sex ratio of 
1:1.16 that significantly different from the expected 1:1 ratio 
(P>0.05). The sex-ratio is in favor of males (Table 1).

Table 1 
Variation in the proportion of male and female D. oxyrinchus according 
to season in the Gulf of Gabes (Tunisia), and comparison through 
student’s t-test.    

Male Female Total Male% Female% χ² P Significance

Summer 28 108 136 27.25 72.75 47.06 0 NS

Autumn 56 39  95 35.35 64.65 3.04 0.0811307 SS

Winter 82 58 140 48.72 51.28 4.11 0.0425225 SS

Spring 74 75 149 46.08 53.92 0.01 0.93 NS

Annual 240 280 520 37.02 62.97 3.08 0.0794106 SS

P<0.05; bold values: statistically different; NS: not significant; SS: 
significant.

   The distribution of specimens according to sexes and 
sampling dates is presented in Figure 2. 
   The number of males sampled in this study of specimens 
(35<TL <60 cm) was higher than that of females. 
   Length-frequency distribution of D. oxyrinchus was 
dominated by specimens ranged of TL between 50 and 80 
cm, the distribution of length within these ranges was not 
significantly different (Kolmogorov-Smirnov test, D=0.287, 
n=520, P=0.21) (Figure 2). 
   In total, 520 D. oxyrinchus were measured in this study. 
Females (n=240) ranged from 16.5 to 105.0 cm LT and 30-5 300 
g MT, whereas males (n=280) ranged from 15.5 to 95.0 cm LT 
and 30-3 650 g MT (Figure 3). 

Figure 3. Measurements made on D. oxyrinchus.
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   Linear regression of LT on WD resulted in the following 
equation for both sexes (Figure 4).
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Figure 4. Relationship between TL and total mass (TM) of D. oxyrinchus in the 
Gulf of Gabes (Tunisia). R2=Coefficient of determination.
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   There was significant difference in the regression slopes 
between sexes for the TL and DW relationship (t-test=17.53; 
df=520; P<0.05).
   In the present study, the TL and DW of females ranged 
from 37.3 to 105 cm and from 16.5 to 73 cm and the TL 
and DW of males from 35 to 95 cm and 25.7 to 80.7 cm, 
respectively. 
   Therefore, the relationship of TL-TM is presented 
separately for each sex (Figure 2). The TL-TM relationship 
differed significantly between the sexes (student’s t-test: 
t=1.87, df=520, P<0.05), Females and males had similar 
length-mass relationships, but females reached almost twice 
the mass of males. 
   The b value for the TL/ weight relationship for males D. 
oxyrinchus sampled in this study (3.01) was lower than that 
for female (3.23). 
   Morphometric characters were strongly positively 
correlated for TL and are presented in Figures 4-8, and other 
numeric counts characters are presented (Tables 2 and 3).

Figure 5. Relationship between TL and DW of D. oxyrinchus in the Gulf of 
Gabes (Tunisia). R2=Coefficient of determination.
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Figure 6. Relationship between TL and SE of D. oxyrinchus in the Gulf of 
Gabes (Tunisia). R2=Coefficient of determination.
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Figure 7. Relationship between TL and WM of D. oxyrinchus in the Gulf of Gabes 
(Tunisia). R2=Coefficient of determination.
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Figure 8. Relationship between TL and snout tip to first dorsal (SD1) of D. 
oxyrinchus in the Gulf of Gabes (Tunisia). R2=Coefficient of determination.
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Table 2
Morphometric characters of the Mediterranean longnosed skate (D. oxyrinchus) 
in the Gulf of Gabes.   

Parameters NV NL NP NPL
Number of tooth rows

upper jaw lower jaw
Minimum 25 12 90 10 38 41

Maximum 37 15 96 16 47 48

Mean±SE 32.28±0.91 13.68±0.21 92.61±0.38 14.06±0.47 42.79±0.76 44.42±0.46

NV: Number of the trunchal vertebrae; NL: number of nictitating lamellae; NP: 
number of pectoral fin; NPL: number of pseudobranchial lamellae.
Table 3
Comparison of numeric counts various of other studies in the Mediterranean.

Gulf of Gabes[3] Present study (Gulf of Gabes)

Number of the trunchal vertebrae 36-41 25-37

Number of the nictitating lamellae 11-12 12-15

Number of the pectoral fin   98-106 90-96

Number of pseudobranchial lamellae 14-16 10-16

Number of the upper jaw 38-44 38-47

Number of the lower jaw 40-48 41-48

4. Discussion

   In this study males dominated catches, whereas the 
overall sex ratio around 0.5 with results previously reported 
from other areas in the Aegean Sea[4]. The sex-ratio is in 
favor of males, the differences in skate sex ratios may be 
a consequence of behaviour, because many species are 
segregated by sex, size, and maturity[10-13].
   The maximum size for males and females in this work (95 
and 105 cm TL, respectively) is greater than the previously 
recorded maximum size in other studies[4] but lower in the 
results recorded in the Italian seas[14] and in the North-
eastern Atlantic and Mediterranean[15]. The TL was recorded 
in the Italian seas, with 112-115 cm TL, and a DW of 74-76 
cm[14]. Ungaro et al.[15] recorded D. oxyrinchus achieving 
150 cm TL. Yigin and Ismen recorded TL and DW of females 
ranged from 14.9 to 100 cm and from 9.8 to 65 cm and the TL 
and DW of males from 15.2 to 86.5 cm and 10 to 57.5 cm.
   Weight-size relationships can provide useful information 
about the increase in weight of a population and this 
parameter could also be important for comparative studies 
between populations[16-18]. Similar results were observed 
in the North Aegean Sea (b at 3.26 and 3.31 for males and 
females respectively)[4]. Mori et al.[19] (b=3.40) and Kadri 
et al.[20] (b=3.53) reported a positive allometric growth 
pattern both in sex combined of D. oxyrinchus collected 
from Algarve (Southern Portugal) and in the North Aegean 
Sea. The b values vary according to species, sex, age, 
seasons and feeding. In addition, changes in physiological 
conditions, different amounts of available food, life span 
or growth increment can affect the b growth exponent[20,21]. 
The occurrence of sexual differences in growth is well 
documented in elasmobranchs, with females usually growing 
longer[22-25]. 
   In this study, the counts of numeric caracters for D. 
oxyrinchus was similar of results observed in the Gulf of 
Tunis[3]. In conclusion, this study showed that there was 
a strong relationship between DW, SE, WM, SD1, H and TL 
for the D. oxyrinchus population in the Gulf of Gabes in 
Southern Tunisia. 
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on distribution and morphometric characters of D. oxyrinchus 
were reported, but some information of its reproductive 
biology has been collected from some restricted areas.
  
Research frontiers
   This study reported the first description of biometric 
relationships for R. miraletus, which would be useful for 
the sustainable conservation of this rear fishery in the Gulf 
of Gabes and also form the basis for their inclusion in a 
regional security programme. Indeed, it’s very important for 
its wild stock assessment using such biometrics.

Related reports
   To the best of the knowledge, this is the first report on this 
issue of the species, then there is nothing for comparison or 
stated here.

Innovations and breakthroughs
   This paper presents significant new information on the 
distribution, morphometric and numeric characters of the 
skate D. oxyrinchus.
  
Applications
   This study would be useful for the sustainable conservation 
of this rear fishery in the Gulf of Gabes and also form the 
basis for their inclusion in a regional security programme. 
Indeed, it’s very important for its wild stock assessment 
using such biometrics.

Peer review
   This manuscript is written well. Authors used some 
statistical tests. Results of this research will be effective for the 
conservation of this rare fish in the Gulf of Gabes and also form 
the basis for their inclusion in a regional security programme.

References

[1]    Tamini LL, Chiaramonte GE, Perez JE, Cappozzo HL. Batoids in a 
coastal trawl fishery of Argentina. Fish Res 2006; 77(3): 326-332. 

[2]    Dulvy NK, Pasolini P, Notarbartolo DS, Serena F, Tinti F, Ungaro 
N, et al. Dipturus oxyrinchus 2006. In: IUCN 2008. 2008 IUCN 
red list of threatened species. Cambridge, United Kingdom: 
IUCN; 2008. [Online] Available from: http://www.iucnredlist. org. 
[Accessed on 10 Feb, 2014].

[3]    Capapé C, Quignard JP. [Contribution to the biology of Rajidae 
Tunisian coast. I. Raja miraletus Linné, 1758: geographic and 
bathymetric distribution, sexuality, reproduction, fertility]. Arch 
Inst Pasteur Tunis 1974; 51: 39-60. French.

[4]    Yigin C, Ismen A. Age, growth, reproduction and feed of 
longnosed skate, Dipturus oxyrinchus (Linnaeus, 1758) in Saros 
Bay, the north Aegean Sea. J Appl Ichthyol 2010; 26(6): 913-919.

[5]    Cavanagh RD, Gibson C. Overview of the conservation status of 
cartilaginous fishes (Chondrichthyans) in the Mediterranean Sea. 
Cambridge, United Kingdom: IUCN; 2007, p. 50.

[6]    Bradai MN, Ghorbel M, Bouain A, Abdelmouleh A. [Observations 
fishery conducted in the Gulf of Gabes (Tunisia)]. Bull Inst Natl 
Sci Tech Oceanogr Peche Salammbo 1992; 19: 57-65. French.

[7]     Sokal RR, Rohlf FJ. Biometry: the principles and practice of 
statistics in biological research. New York: W.H. Freeman & Co.; 
1995, p. 887.

[8]     Walker PA. Fleeting images: dynamics of North Sea ray 

populations [dissertation]. Amsterdam: Faculty of Biology, 
University of Amsterdam; 1999.

[9]     Zar JH. Biostatistical analysis. 4th ed. New Jersey: Prentice Hall; 
1999, p. 663.

[10]  Basusta N, Demirhan SA, Cicek E, Basusta A, Kuleli T. Age and 
growth of the common guitarfish, Rhinobatos rhinobatos, in 
Iskenderun Bay (North-eastern Mediterranean, Turkey). J Mar 
Biol Assoc UK 2008; 88(4): 837-842.

[11]  Fitz ES, Daiber FC. An introduction to the biology of Raja 
eglanteria Bosc 1802 and Raja erinacea Mitchill 1825 as they occur 
in Delaware Bay. Bull Bingham Oceanogr Collect 1963; 18: 69-97.

[12]  Richards SW, Merriman D, Daiber LH. Studies on the marine 
resources of southern New England. 9. The biology of the little 
skate, Raja erinacea Mitchill. Bull Bingham Oceanogr Collect 
1963; 18: 5-65.

[13]  Holden MJ. The fecundity of Raja clavata in British waters. J 
Cons Int Explor Mer 1975; 36(2): 110-118.

[14]  Braccini JM, Chiaramonte GE. Reproductive biology of 
Psammobatis extenta. J Fish Biol 2002; 61: 272-288.

[15]  Ungaro N, Serena F, Dulvy NK, Tinti F, Bertozzi M, Mancusi C, 
et al. Dipturus oxyrinchus 2007. In: IUCN 2009. IUCN red list of 
threatened species. Cambridge, United Kingdom: IUCN; 2009. 
[Online] Available from: http://www.iucnredlist. org. [Accessed on 
10 Feb, 2014].

[16]  Kadri H, Marouani S, Bradai MN, Bouaïn A, Eric M. Age, growth 
and length-weight relationship of the rough skate, Raja radula 
(Linnaeus, 1758) (Chondrichthyans: Rajidae), from the Gulf of Gabes 
(Tunisia, Central Mediterranean). J Coast Life Med 2014; 2(5): 344-349. 

[17]  Hossain MY, Khatun MM, Jasmine S, Rahman MM, Jewel MAS, 
Ohtomi J. Life history traits of the threatened freshwater fish 
Cirrhinus reba (Hamilton 1822) (Cypriniformes: Cyprinidae) in the 
Ganges River, Northwestern Bangladesh. Sains Malays 2013; 42: 
1219-1229. 

[18]  Hossain MY, Jewel MAS, Rahman MM, Haque ABMM, Ohtomi J. 
Life-history traits of the freshwater garfish Xenentodon cancila 
(Hamilton, 1822) (Belonidae) in the Ganges River, Northwestern 
Bangladesh. Sains Malays 2013; 42: 1207-1218.

[19]  Mori M, Manconi R, Fanciulli G. Notes on the reproductive biology 
of Carcinus aestuarii Nardo (Crustacea, Decapoda) from the lagoon of 
San Teodoro (Island of Sardinia, Italy). Riv Idrobiol 1990; 29: 763-774.

[20]  Borges TC, Olim S, Erzini K. Weight-length relationships for fish 
species discarded in commercial fishes of the Algarve (Southern 
Portugal). J Appl Ichthyol 2003; 19: 394-396.

[21]  Filiz H, Bilge G. Length-weight relationships of 24 fish species 
from the North Aegean Sea, Turkey. J Appl Ichthyol 2004; 20: 431- 
432.

[22]  Stehmann M, Burkel DL. Torpedinidae. In: Whitehead PJ, Bauchot 
M-L, Hureau J-C, Nielsen J, Tortonese E. editors. Fishes of the 
North-eastern Atlantic and Mediterranean. Vol. 1. Paris: UNESCO; 
1984, p. 159-162.

[23]  Tesch FW. Age and growth. In: Bagenal TB, editor. Methods 
for assessment of fish production in freshwaters. 3rd ed. Oxford: 
Blackwell Scientific Publications; 1978, p. 101-136.

[24]  Kadri H, Marouani S, Saïdi B, Bradai MN, Ghorbel M, Bouaïn A, 
et al. Age, growth and reproduction of Raja miraletus (Linnaeus, 
1758) (Chondrichthyes: Rajidae) of the Gulf of Gabès (Tunisia, 
Central Mediterranean Sea). Mar Biol Res 2012; 8: 309-317.

[25]  Kadri H, Marouani S, Saïdi B, Bradai MN, Ghorbel M, Bouaïn A, et 
al. Age, growth and reproductive biology of the rough skate, Raja 
radula (Chondrichthyes: Rajidae), off the Gulf of Gabes (southern 
Tunisia, central Mediterranean). Mar Freshwat Res 2013; 64(6): 
540-548. 


