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Abstract

Skates (order Rajiformes) are the most diverse group of Chondrichthyan fishes, due to their high diversity, and
global distribution, our knowledge of skate biology and ecology remains limited. The objective of the present
study was to assess the population dynamics of Raja clavata, particularly to provide the relationships between
morphometric and biometric characters, then to investigate age and growth. For this propose, Thornback ray
were investigated using 563 specimens, females made up 59.85% and males 40.14%. Weight-Lengths
Relationships (WLRs) described by the relative growth, were determined according to the allometric equation
revealed the following results: Weight-total length, Wr =0.003 L131® ; Wr =0.004 L13:1° and Weight-disc width;
Wr=0.012 Dw33 , Wr=0.007 Dw3-28 | therefore parameters relationships between length-disc width evaluated by
linear equation were ; Dw = 0.662 Lt + 0.41, Dw = 0.634 Lt + 2.94 respectively for females and males. The
parameters of the Von Bertalanffy growth equation obtained using the software LFDA (subroutine ELEFAN)for
females were; L =105 cm, k = 0.46, to =- 0.20, for males; L» =100, k = 0.35, to=- 0.68.This research will provide
a starting point for the development of a management plan and stock assessment of Raja clavata carried in
Algerian coast, and results obtained are important input data to better understanding its role in marine

ecosystem.
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Introduction

As a group, Skates can be classified as equilibrium (K-
selected) strategists and typically share the biological
characteristics of low fecundity, late maturity, high
juvenile survivorship, slow body growth, and long life
span (Hoenig and Gruber, 1990; Cambhi et al., 1998).
Equilibrium strategists tend to have slow rates of
population growth and generally cannot sustain high
levels of fishing pressure (Holden, 1974; Adams,
1980).

Rajiformes represent one of the most important
orders of elasmobranch fish occurring in the north-
eastern Atlantic and Mediterranean, both by the
number of species and by economic importance,
therefore many authors have recognized the
ecological importance of the Rajidae and have carried
out studies on its biology, for growth rates are
estimated from tagging data (Holden, 1972), by length
frequency analysis (Brander and Palmer, 1985),
growth increments (Holden and Vince, 1973; Ryland
and Ajayi, 1984), ages are also assessed by(Taylor and
Fahy, 1989; Whittamore and

McCarthy, 2005), and other various aspects on the

Holden, 1964;

population dynamics and reproduction are provided
(Quéro and  Gueguen, 1981; Stehmann, 2002;
Moratoet al., 2003;Bradai et al., 2004; Demirhan et
al., 2005; Gallagher et al., 2005; Serra-Pereira et al.,

2005b; Capapé et al., 2006, 2007).

Scientific concern about the sustainability of Rajidae
populations have lead to several studies of the
population biology and distribution of R. clavata in
British waters (Quero et al.,1981; Ellis et al., 2005;
Whittamore and McCarthy, 2005; Chevolot et
al.,2006), North Sea (Walker, 1998), Irish Sea (Dulvy
et al., 2000; Gallagher et al., 2004), in the Black
Sea(Saglam and Orhan, 2010), studies done in the
Mediterranean were focused on abundance and
biomass of R. clavata in Adriatic Sea (Jardas, 1973;
Jukic et al.,2001), Gulf of Lion (Capapé et al., 2000),
Italian waters (Relini et al., 2000), Balearic Islands
(Massuti and Moranta, 2003), Strait of Sicily
(Garofalo et al.,, 2003) Tunisian sea (Mnasri et al.,

2009; Kadri et al., 2013, 2014), and in Algerian basin

2017

(Dieuzeide et al., 1953, 1958 ; Massuti et al., 2003,
2004, Hemida, 2005 ; Hemida et al., 2007 ; Refes,
2007).

Studies on biology and ecology aspect of Thornback
ray in the Algerian coast are very scarce, therefore the
aim of our study is to define several biological
characteristics, such as structure of population,
relationships between weight and size, biometric
growth and provide parameters of growth and age of
this species in study area. These informations are
essential to understanding the population dynamics

and resilience of this species to exploitation.

Materials and methods

In the present study, a total of 563 individuals of
thornback ray, 337 females and 226 males were
collectedbetween January to December 2012 by otter
trawls during investigations conducted off oranian
bay (south-western Mediterranean), Geographic
coordinates of our study area are: 00°39'09" latitude
north 35°43’00” longitude west(Fig.1). Species were
identified as Raja clavata following (Tortonese, 1956;
Quignard, 1965; Aloncle, 1966; Quéro et al., 2003;

Hemida, 2005).

Sex ratio and population structure

In our study, the size frequency was analyzed at a 3cm
interval standard length class. The sex ratio was
analyzed by using a Chi-square test. We calculated
parameters a andb ofthe relationship between weight
to total length and disc width (WLRs) applying the
following equation:Wt = a Lt® (Le Cren, 1951).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 (Bagenal and Tesch, 1978).The
degree of association between the variables of this
exponential regression was computed by the
determination of coefficient r2, and to define the
relationship between total length and disc width we

have used the linear equation: Dw = a Lr+ b.

Growth was expressed in terms of the Von Bertalanffy
equation (1938) (Beverton and Holt, 1957):
Lr = Loo (1-e- K(tty),
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Fig. 1. Study area: Western Algerian coast.
where: Loo: the asymptotic total length, Lr: the total Analyses were made for males and females,
length at age t, K: the growth curvature parameter separately.
and to: the theoretical age when fish would have been
Results

at zero total length, in our study, we used a numerical
method, the method ELEFAN (electronic length
frequency analysis) (Pauly and Moreau, 1997). For
mathematical modeling, the LFDA software was used
(Kirkwood et al.,2001).

Thornback ray caught in oranian coast were
examined, of which 337 were females ranging from
25.5 to 83.8 cm and 226 were males ranging from

29.9 to 80.2 cm total length.

Table 1. Morphometric characters ofRaja clavatain Algerian coast.

Females Males
Lr Dw Wr Lr Dw Wr
Max 82.9 56.2 3800 80.2 52.9 3500
Min 25.5 17 110 29.9 15.6 120
Mean 54.2 36.6 1955 55.05 34.25 1810

The sample size; minimum (Min), maximum (Max),
mean lengths and weights made on Raja clavata are
shown in Table 1. We observed that mean total length
disc width Wp and weight were greater for females
than that for males. Therefore, females were larger

and heavier than the males.

Sex-ratio
Histograms illustrate length-frequency distributions

by sex of thornback ray (Fig.3) revealed that the bulk

of samples indicated that a peak occurred at a size of

42.5 - 48.5 cm Lr for both of sex.

The sex ratio showed a predominance of females, the

catch rate 40.14% for males and 59.85% for females.

Size-weight relationships
The length-weight and disc  width-weight
relationships showed similar values of b for females

and males, both >3, this coefficient had a higher value
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than for males.
(WLRs)

positive allometry in the relative growth for both of

for females Weight-Lengths

Relationships of thisspeciesindicate a
sex (Fig.4 and 5), therefore we can say that weight of

thornback ray increases with growth which is evident

2017

by coefficients governing the morphometric
characters relationship curves according to:

Wr = a Lrb. Data concerning size-weight relationships
between sexes and sex combined are presented in

Table 2.

Table 2. Parameters of biometric characters of thornback ray in western basin of Algeria.

Weight- Total Length Weight -Disc Width
Parameters a b r2 a b r2
Females 0.003 3.165 0.97 0.012 3.13 0.96
Males 0.004 3.11 0.97 0.011 3.18 0.95
Both of sex 0.003 3.149 0.97 0.011 3.15 0.96

Table 3. Parameters of morphometric characters of thornback ray in western basin of Algeria.

Total Length- Disc Width relationship

Parameters
Females
Males

Both of sex

a b 2
0.66 0.40 0.99
0.62 2.22 0.97
0.64 1.13

Morphometric parameters
On the other hand, Relationship between total
length (L1)-disc width (Dw) show also a positive

allometric growth (Fig.6) for males and females of

Raja clavata sampled in oranian coast (North
western Mediterranean). Results shown in Table 3
revealed that Wp is positively correlated with Lt for
both of sex.

Table 4. Summary of biometric and morphometric relations of the Mediterranean thornback ray in western

basin of Algeria.

Parameters  Weight -Total Length (r2) Weight - Disc Width (r2) Width -Total Length (r2)

Females Wr = 0.003* L1315 (0.97) Wr = 0.012* Dw 313 (0.96) Dw = 0.66* Lt + 0.40(0.99)

Males Wr = 0.004* L131(0.97) Wr = 0.011* Dw318 (0.95) Dw = 0.62* Lt +2.22(0.97)

Both of sex ~ Wt =0.003* Lr3149(0.97) Wr = 0.011* Dw3-15 (0.96) Dw = 0.64* Lt +1.13(0.98)
Growth study Discussion

The adjustment of growth parameters in Von
Bertalanffy model shows that the wvalues differ
significantly between the sexes:

Lt = 105 (1-e-046(t + 020)) gand Lt = 100 (1-e-9:35(t +
0.68))with higher values of growth coefficient K: 0.46

year and Leo: 105 cm for females.

Results obtained in our investigation (Table 5 and 6)
revealed that the growth of Raja clavata of sample on
the west coast of Algeria for each sex decreases with

age (Fig.2).

Population structure

The status of Mediterranean thornback ray is still
poorly known, the findings reported in this study
represent the first data of Raja clavata caught in

south western Mediterranean.

Maximum total length observed for females and
males 82.9 and 80.2 cm respectively were slightly
different to sizes reported in other studies (Demirhan

et al., 2005; Capapé et al., 2006, 2007; Serra-Pereira
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et al., 2012; Bottari et al., 2013; Kadri et al., 2014).
The reason of differences between values given by
different authors could be attributed to samples
collected from different areas and depths and the

selectivity of sampling gears, or may be relatedto the

2017

differences in sampling times and sampling methods,
because in the other studies, fish were caught by
bottom trawls, purse seiners, gillnet or trammel nets,
these fishing methods are able to catch every size of

thornback rays.

Table 5.Growth parameters of Raja clavata females and males.

Sex Females Males
Parameters K Loo K Loo to
Results 0.46 105 -0.20 0.35 100 -0.68

Table 6. Von Bertalanffy Equation.

Von Bertalanffy equation

Females Lt = 105 (1-e-0:46(t + 0,20))
Males Lt = 100 (1-e-9:35(t + 0,68))
Sex ratio Black Sea (Demirhan et al., 2005), but we noted

The study of sex ratio shows the dominance of female
individuals in favor of females, our results are in
agreement with many authors who have described the
Rajidae in other Mediterranean sea areas (Capapé et

al., 2007, Kadri et al.,, 2014), and in the Southeastern

adifference of values of the catch rate in favor of
males in studies reported in Irish Sea (Gallagher et
al., 2004), these differences in sex ratio may be a
consequence of behavior, because many species

segregate by sex, size, and maturity (Holden, 1975).

Table 7. Summary of parameters growth equation for Raja clavata in different areas.

Authors Sex Lo K to Areas

Taylor and Holden, 1964 F 127.3 0.10 -2.50 British waters
M 88.3 0.22 -1.30

Holden, 1972 F 128.1 0.09 -1.32 Irish Sea, Bristol Channel
M 85.6 0.21 -0.60

Ryland and Ajayi, 1984 Both of sex 139.2 0.09 -2.63 Bristol Channel

Brander and Palmer, 1985 Both of sex 105 0.22 -0.45 Irish Sea

Walker, 1998 F 118 0.14 -0.88 North Sea
M 98 0.17 -0.43

Whittamore and McCarthy, 2005 F 117.6 0.16 -0.71 North Wales
M 100,9 0.18 -0.99

Serra pereira, 2005 F 130.5 0.10 -0.13 Portuguese waters
M 121.5 0.11 -0.11

Both of sex 130.5 0.10 -0.14

Serra pereira, 2010 F 140,7 0.097 -0.88 Portuguese waters
M 117,1 0.14 -0.35

Kadri et al., 2013 F 114.6 0.11 -1.23 Tunisian coast
M 100.8 0.14 -1.13

Present study 2017 F 105 0.46 -0.20 Algerian coast
M 100 0.35 -0.68
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Table 8. A comparative table of Biometric characters of Raja clavata.

2017

Authors Sex A B Areas
Ryland and Ajayi, 1984 Females 0.0084 3.30  Bristol Channel
Males 0.0019 3.17  British Ishles
Dorel, 1986 Undefined 0.0032 3.19  Atlantique North-east
Merella et al., 1997 Sex combined 0.0024 3.20  Balearic Islands (Mediterranean Sea)
Dorel et al., 1998 Males 0,0026 3,23 Manche
Sex combined 0,0031 3.19
Diizgiinez et al., 1999 Sex combined 0.003 3.18  East Black Sea
Filiz and Mater, 2002 Females 0.0018 3.23  North Aegean Sea, Turkey
Males 0.0006 3.56
Demirhan et al., 2005 Females 0.0003 3.60  Black Sea
Males 0.005 3.02  Southeastern Black Sea
Sex combined 0.001 3.42
Krstulovic et al., 2009 Females 0.0011 3.42  Black sea northern and central Adriatic
Males 0.0012 3.39 Sea
Kadri et al., 2014 Females 0.0011 3.40  Gulf of Gabes (Tunisia)
Males 0.0017 3.26  Mediterranean Sea.
Adda-hanifi et al., 2017 Females 0.003 3.16  Oranian bay (Algeria)
Males 0.004 3.10  Mediterranean Sea.

Length-weight relationships

We also found, that Biometric parameters of relative
growth, defined size weight relationships showed
positive allometry of males (b = 3.11) and females (b
= 3.165).

Results obtained on length weight relationships for R.
clavata of Algerian coast presented in Table 2 and 4
were similar to those found in other Mediterranean
areas, such as the Balearic Islands (Merella et al.,
1997), Manche (Dorel et al., 1998)Gulf of Gabes

(Kadri et al., 2014) and lower than those in Bristol
Channel (Ryland and Ajayi, 1984), North Aegean Sea
(Filiz and Mater, 2002) and the Adriatic Sea
(Krstulovic et al., 2009) (Table 8).

We also observed that the functional regression b-
values of Weight -Disc width relationships for males,
females and sex combined were greater than ‘3.
(Table 2 and 4) these results were agrees with study

done in Black Sea (Demirhan et al, 2005).
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Fig. 2. Von Bertalanffy growth curves for male and female of Raja clavata from west Algeria.

The difference between sex characters in our results
indicating faster weight increase in females in relation
to length is in accordance with results of previous
studies in Mediterranean and other areas (Mendes et
al., 2004; Demirhan et al., 2005; Bottari et al., 2013).

Differences in growth between sexes are a common

feature in Raja sp.various factors may be responsible
for the similar or different biological parameters, such
as temperature, salinity, feeding (quantity and
quality, sex and maturity stage. In addition, changes
in physiological conditions, can all affect the b growth

exponent (Le Cren, 1951).
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Fig. 3. Sex ratioof Raja clavata in Algerian coast, A: Histogram of Length frequency distribution,

B:Distribution of males and females.

Length-Width relationships We observed that VBGP estimated for thornback

Moreover, we have shown that the parameter a of  ray caught in Western coast of Algeria (Table 5 and

size-width relationships (Table 3 and 4) estimated by 6) are different from those estimated in other areas

li ion in th t st fi
inear regression in the present study recorded for from Irish Sea (Holden, 1972; Brander and Palmer,

thornback ray was slightly greater than the values

85; Fah 89) Irish S d Bristol Ch 1
estimated in Cantabrian Sea (Fernandez et al., 2001) 1985; Fahy 1989) Irish Sea and Bristo annet,
but it was in accordance with a study done in (Dorel et al.,1998) gulf of Gascogne,(Walker 1998),

Southeastern Black Sea (Demirhan et al, North Sea (Whittamore and McCarthy, 2005),

2005;Krstulovic et al., 2009). Portuguese waters (serra Pereira, 2010) (Table 7).

Growth study
The VBGF produced more reliable growth
parameters, considering the life history of the studied

species.
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C: sex combined.
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The observed differences in growth model parameters
between these studies may be due to several factors;
sampling methods, locations, the age classes included
in the models (Yigin and Ismen, 2012; Serra Pereira,

2005),this discrepancy could also be derived from

2017

other factors that may be affecting the growth of
species, such as environmental differences between
the Mediterranean and Atlantic Ocean, the influence
of water temperature, species behavior and different

exploitation state.
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Fig. 6.Relationships between total length and disc width of Raja clavata in Oranian bay (Algeria) A: Females,

B: Males, C: sex combined.

Conclusion

In conclusion, this investigation was a response to a
lack of knowledge of the biology of Raja clavata
carried in Algerian coast. The length-mass
relationships were described by the equation: Wr =
0.003* Lt 31%5and Wr = 0.004* Lt 3, therefore,

E]

values of “a” and “b” of width-mass relationships are
presented also by the relation of relative growth: W =
0.012* Dw 313 and Wr = 0.011* Dw 318 respectively for

females and males.

The Von Bertalanffy growth equations obtainedto
determine the age according to the size were:
Lt = 105 (1-e-0:46(t + 0,20)) for females and

Lt = 100 (1-e-0:35(t + 0,68)) for males.

Results from this research will provide a starting
point for the development of a management plan for
the thornback ray in harbor of western coast of
Algeria. Further investigations are necessary to
quantify the impact of the existing regulations on the
population dynamics and recruitment patterns of this

species in the region.

Acknowledgement

I would like to express my immense gratitude to Pr
Zitouni Boutiba Director of  Laboratory
Environmental Monitoring Network, Department of

Biology, Faculty of Natural Sciences and Life,

64 | Adda-hanifi et al.



Int. J. Biosci.

University Of Oran1 Ahmed BEN BELLA (Algeria) for
his great contribution for the realization of this work,

for his help, encouragement and support.

References
Adams PB. 1980. Life history patterns in marine
fishes and their

consequences for fisheries

management. Fishery Bulletin 78(1), 1— 10.
Aloncle H. 1966. A propos dun caractere
anatomique intéressant dans la détermination des

Rajidae Extrait du Bulletis de i1.P.M.M. N” 14 —

Ajayi TO. 1993 Food and Feeding-Habits of Raja
Species (Batoidei) in Carmarthen Bay, Bristol.
Journal of the Marine Biological Association of the

United Kingdom, 62, 215-223.

Bagenal TB, Tesch FW. 1978. Age and growth. In
Methods for Assessment of Fish in Fresh Waters, 3rd
edn, pp. 101-136. Ed. by Bagenal TB. Blackwell
Scientific Publications, Oxford, UK.

Beverton RJ, and Holt SJ. 1957. On the Dynamics
of Exploited Fish Population. Fish. Invest. Min. Agi.
London, 19, 533 p.

Bottari T, Rinelli P, Bianchini ML, Ragonese
S. 2013. Stock identification of Raja clavata L.
(Chondrichthyes, Rajidae) in two contiguous areas of
the Mediterranean. Hydrobiologia, 703. pp 215-224.
Calderini, Bologna, 334 p.

Bradai MN, Quignard JP, Bouain A,
Jarboui O, Ouannes-Ghorbel A, Ben
Abdallah L, Zaouali J & Ben Salem S. 2004.
Ichtyofaune autochtone et exotique des cotes
recensement et

tunisiennes: biogéographie.

Cybium, 28(4), 315-328.

Cailliet GM, Martin LK . Kusher D, Wolf P and
Weldon BA. 1983. Techniques for enhancing
vertebral bands in age estimation of California
elasmobranchs. U.S. Dep. Commer.,NOAA Tech.
Report NMFS 8,157-165.

2017

Camhi M, Fowler S, Musick J, Briautigam A,
Fordham S. 1998. Sharks and their relatives:
ecology and conservation. IUCN/SSC Shark Specialist
Group. IUCN, Gland, Switzerland and Cambridge,
UK. 39 p.

Capapé C, Guélorget O, Siau Y, Vergne Y,
Quignard JP. 2007. Reproductive biology of the
thornback ray Raja clavata L., 1758 (Chondrichthyes:
Rajidae) from the coast of Languedoc (southern

France, northern Mediterranean) Milieu, 57, 83-90 P.

Capapé C, Guélorget O, VergneY, Marques A,
Quignard JP.
(Chondrychtyes) from waters off the Languedocian

2006. Skates and Rays
coast (Southern France, Northern Mediterranean): A
historical survey and present status, Annales. Ser.

Histoire Naturelle, 165-178.

Demirhan SA, Engin S, Seyhan K, Akamca E.
2005. Some biological aspects of thornback ray (Raja
clavata L., 1758) in the Southeastern Black Sea.
Turkish J. Fish. Aquat. Sci., 5, 75-83.

Dieuzeide R, Novella M, Roland J. 1953.
Catalogue des poissons des cotes algériennes. Bull.

Stat. Aquic. Péche Castiglione, n.s., 4,135.

Dieuzeide R, Roland J. 1958. Prospections des
fonds chalutables des cotes algériennes. Recherches
de nouvelles zones. Bull. Stat. Aquic. Péche

Castiglione, n.s., 9, 9-69.

Dorel D. 1986. Poissons de T'Atlantique nord-est,
relations taille-poids. IFREMER Report, Nantes, 185 p.

Dorel D, Cadiou Y, Porcher P. 1998. Poissons,
crustacés et mollusques des mers communautaires.
Parameétres biologiques et représentations
graphiques. Document interne disponible sur le

réseau informatique de I'Ifremer.

Dulvey NK, MetCalfe JD, Glanville J, Pawson
MG, Reynolds JD. 2000. Fishery stability, local
extinctions, and shifts in community structure in

skates. Cons. Biol. 14(1), 283—293.

65 | Adda-hanifi et al.



Int. J. Biosci.

Diizgiines E, Bascinar SN, Emiral H, Kutlu S,
Tanriverdi M. 1999. A preliminary study on the
some population parameters of the thornback ray
(Raja clavata L., 1758) in the east Black Sea. In
Circular Book of X. National Symposium on Aquatic
Products,

22-24 September Adana-Turkey (in

Turkish).p 430- 439.

Ellis JR, Cruz-Martinez A, Rackham BD,

Rogers SI. 2005. The distribution of
chondrichthyan fishes around the British Isles and
implications for conservation. Journal of Northwest

Atlantic Fishery Science, 35.

Fernandez A, Rodriguez-Cabello C, Olaso I,

Sanchez F, Serrano A. 2001. Biometric
relationships to estimate length and weight of
Leucoraja naevus, Raja montagui and Raja clavata,
from wing landings in Cantabrian Sea. ICES, C.M.

2001/J: 48 (poster presentation).

Filiz H, Mater S. 2002. A preliminary study on
length-weight relationships for seven elasmobranch
species from North Aegean Sea, Turkey. E.U. Journal

of Fisheries & Aquatic Sciences, 19(3-4),401—4009.

Garofalo GM, Gristina F, Fiorentino F, Cigala

Fulgosi, Norrito G,Sinacori G. 2003.
Distributional pattern of rays (Pisces, Rajidae) in the
Strait of Sicily in relation to the fishing pressure.

Hydrobiologia 503, 245—250.

Hemida F. 2005. Les sélaciens de la cote algérienne:
Biosystématique des Requins et des Raies. Ecologie,
Reproduction et Exploitation de quelques populations
sciences en

capturées. Thése de doctorat es

océanographie. Faculty of Biological Sciences,
University of Sciences and Technologies Houari
Boumedienne of Algiers, Algeria USTHB (Alger).p

231-272 annexes.

Hemida F, Sergoua W, Seridji R. 2007. Analyse
des données morphométriques de quelques especes
du genre Raja Linnaeus,1758, dans le bassin algérien.
Rapport de la Commission internationale pour

IExploration scientifique de la Mer Méditerranée,

38, 497.

2017

Hoenig JM,Gruber SH. 1990. Life-history patterns
in the elasmobranchs: implications for fisheries
management. pp 1— 16 in H.L. Pratt SH, Gruber and
Taniuchi T,

editors. Elasmobranchs as living

resources: advances in the biology,
systematics, and the status of the fisheries. NOAA

Technical Report NMFS 90.

ecology,

Holden MJ. 1972. The Growth Rates of Raja
brachyura, R. clavata and R. montagui as
Determined From Tagging Data. ICES Journal of

Marine Science, 34, 161-168.

Holden MJ. 1974. Problems in the rational
exploitation of elasmobranch populations and some
suggested solutions. pp 117—137 in F.R.Harden Jones,
editor. Sea fisheries research. John Wiley and Sons,

New York. Journal, 23(8), 316—320.

Holden MJ.1975. The fecundity of Raja clavata in
British waters. Journal du Conseil International pour

I'Exploration de la Mer36,110-118 P.

Jardas I. 1973. A contribution to our knowledge of
thornback ray (Raja clavata L.) and brown ray (Raja
miraletus L.) in the Adriatic. Acta Adriatica 15, 1—42.

Jukic-Peladic SN, Vrgoc S, Krstulovic S, ifner
C, Piccinetti G, Piccinetti-Manfrin G, Marano,
Ungaro N. 2001. Long-term changes in demersal
resources of the Adriatic Sea: comparison between
trawl survey carried out in 1948 and 1998. Fisheries

Research 53, 95—-104.

Kadri H, Marouani S, Saidi B, Bradai MN,
Bouain A, Eric M. 2013. Age, growth and
reproductive biology of the thornback ray, Raja
clavata (L.), off the Gulf of Gabes (southern Tunisia,
central Mediterranean). Marine Biology
Researchhttp://dx.doi.org/10.1080/17451000.2013.7

97584

Kadri H, Marouani S, Bradai MN, Bouain A,
Morize E. 2014. Distribution and morphometric
characters of the Mediterranean thornback ray, Raja
clavata (Chondrichthyes: Rajidae) in the Gulf of
Gabés (Tunisia, Central Mediterranean). Mar. Life18,
9-16.

66 | Adda-hanifi et al.


http://dx.doi.org/10.1080/17451000.2013.797584
http://dx.doi.org/10.1080/17451000.2013.797584
http://dx.doi.org/10.1080/17451000.2013.797584

Int. J. Biosci.

Kirkwood GP, Aukland R, Zara SJ. 2001. Length
Frequency Distribution Analysis (LFDA), Version 5.0.
MRAG Litd., London, UK.

Krstulovic S, Sifner N, Vrgoc V, Dadic I,
Isajlovic M, Peharda Piccinetti C. 2009. Long-
term changes in distribution and demographic
composition of thornback ray, Raja clavata, in the
northern and central Adriatic Sea; Journal of Applied
Ichtyology. 25 (Suppl. 1): 40—46_ 2009 Journal
compilation _ Blackwell Verlag, Berlin. ISSN 0175—
8659.

http://dx.doi.org/10.1111/j.1439-0426.2008.01204.X

Le Cren ED.1951.The length-weight relationship
and seasonal cycle in gonad weight and condition in
the perh (Perca fluviatilis). Journal of Animal Ecology
20(2). 201-219.

Linnaeus C.1758. Systema naturae per Regna Tria

Nature secundum classes ordinus.

Massuti E, Guijarro B, Pomar B, Fliti K,
Reghis M, Zaghdoudi S, Bouaicha M, Ait
Ferroukh B, Zereb N. 2003. Informe de la
campafia Argelia 0203-DP para la evalucion de
recursos démersales profundos en las costas de
Argelia (Mediterraneo Sud Occidental). IEO, MPRH,
SGPM, 103p.

Massuti E, Ordinas F, Guijarro B, Pomar B,
Fliti K, Refes W, Zaghdoudi S, Bouaicha M,
Reghis M, Miraoui M, Naili R, Ait Ferroukh B.
2004. Informe de la campafia Argelia 0204 para la
evaluion de recursos démersales en las costas de
Argelia (Mediterraneo Sud Occidental). IEO, MPRH,
SGPM, 123p.

Mendes B, Fonseca P, Campos A. 2004. Weight
length relationships for 46 species of the Portuguese
west coast. J. appl. Ichthyol., 20, 355-361.

Mnasri N. 2008. Les élasmobranches de la Tunisie
septentrionale: biodiversité et méthode d’approche de
la production débarquée. PhD Dissertation,
Université du 7 novembre a Carthage, Faculté des

Sciences de Bizerte (Tunisia), 125 p.

2017

Mnasri N, Boumaiza M, Ben Amor MM, &
Capapé C. 2009. Polychromatism in the thornback
ray, Raja clavata (Chondrichthyes: Rajidae) off
northern Tunisian coast (central Mediterranean).Pan-

American Journal of Aquatic Sciences, 4(4), 572-579.

Morato T, Sola E, Gros MP, Menezes G. 2003.
Diets of thornback ray (Raja clavata) and tope shark
(Galeorhinus galeus) in the bottom longline fishery of
the Azores, Northeastern Atlantic. Fish Bull., 101,
590-602.

Pauly D, Moreau J. 1997. Méthodes pour
I'évaluation des ressources halieutiques. Collection
Polytech de I'LLN.P. de Toulouse, Cépadues-Editions,
France. 288p.

Quéro JC, Gueguen J. 1981. Les raies de la mer
Celtique et du canal de Bristol. Abondance et
distribution. Science et Péche, Bulletin. Institut des

péches maritime. No 318.

Quéro JC, Porché P, Vayne JJ. 2003. Guide des
poissons de D'Atlantique européen. Les Guides du
Delachaux and  Niestlé:

naturaliste. Lonay

(Switzerland)-Paris, 465 p.

Quignard JP. 1965. Les raies du golfe du Lion.
Nouvelle méthode de diagnose et détude
biogéographique. Rapports et proceés verbaux des
réunions de la Commission internationale pour
I'exploration scientifique de la mer Méditerranée,
18(2), 211-212.
Refes W. 2007. Inventaire des Raies
(Chondrichthyens Rajidae) de la coOte algériennes).
Rapp. Comm. int. Mer Médit.,38.

Rousset J. 1990b. Population structure of
Thornback Rays Raja clavata and their movements
in the Bay of Douarnenez. Journal of the Marine
Biological Association of the United Kingdom, 70. pp

261—268.

67 | Adda-hanifi et al.


http://dx.doi.org/10.1111/j.1439-0426.2008.01204.x

Ryland JS, Ajayi TO. 1984. Growth and population
dynamics of three ray species in Carmarthen Bay,
British Ishles. Journal du Conseil International pour

I’exploration de la Mer., 41. 111-120 p.

Saglam H, Orhan Ak. 2010. Reproductive biology
of Raja clavata (Elasmobranchii: Rajidae) from
Southern Black Sea coast around Turkey. Helgoland
Marine Reseach.

http://dx.doi.org/10.1007/510152-011-0252-5.

Serra Pereira Barbara Marques. 2010. Skates
and rays diversity, Exploration and conservation-
case-study of Thornback ray, Raja clavata. Tese
orientada por Professor Auxiliar com Agregacao
Leonel Serrano Gordo e Investigadora Auxiliar Ivone

Figueiredo.

Stehmann MFW. 2002. Proposal of a maturity

stages scale for oviparous and viviparous
cartilaginous fishes (Pisces, Chondrichthyes). Archive

of Fishery and Marine Research, 50, 23-48.

2017

Tortonese E. 1956. Fauna d'Ttalia

vol.II.Leptocardia, Ciclostomata, Selachii.

Von Bertalanffy L. 1938. A quantitative theory of
organic growth Inquires on growthlaws. Hum. Biol.,

10(2),181-123.

Walker PA. 1998. Fleeting images: Dynamics of
North Sea Ray populations. PhD Thesis, University of
Amsterdam, the Netherlands, 145p.

Whittamore JM, McCarthy ID. 2005. The
population biology of the thornback ray, Raja clavata
in Caernarfon Bay, north Wales. J. Mar. Biol. Assoc.
U.K, 85(5), 1089-1094.

Yigin C, Ismen 1. 2010. Age, growth, reproduction
and feed of longhosed skate, Dipturus oxyrinchus
(Linnaeus,1758) in Saros bay, the north Aegean Sea.
Journal of Applied Ichthyology 26, 913-919.
http://dx.doi.org/10.1111/j.1439-0426.2010.01510.X

68 | Adda-hanifi et al.


http://dx.doi.org/10.1007/s10152-011-0252-5
http://dx.doi.org/10.1111/j.1439-0426.2010.01510.x

