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SUMMARY: The reproductive biology of Torpedo torpedo (n = 535) and Torpedo marmorata (n = 385), collected in coastal
waters of Latium (central Mediterranean Sea, Italy) between September 2000 and October 2001, was studied and compared.
Males and females reached a maximum length of 445 and 477 mm TL in T. torpedo and 364 and 553 mm TL in T. marmorata. Males and females of T. torpedo reached length at sexual maturity (TL50%) at similar sizes (249 mm TL and 258 mm
TL respectively) whereas TL50% in females of T. marmorata was greater than that of males (312 and 251 mm TL respectively). Analysis of the gonadosomatic index (GSI) and maximum oocyte diameter (MOD) in mature females suggested that gestation lasted about 6 months in T. torpedo and 9 to 10 months in T. marmorata. Fecundity was positively correlated with
length in both species and, comparing ovarian and uterine fecundity, T. torpedo had a greater reproductive potential than T.
marmorata. Size at birth of T. torpedo was smaller than that of T. marmorata and embryos of the latter showed a higher rate
of mass increment with size than those of T. torpedo.
Keywords: elasmobranchs, rajiformes, reproduction, life-cycle, central Mediterranean.
RESUMEN: ESTUDIO COMPARATIVO EN BIOLOGÍA REPRODUCTIVA DE LAS ESPECIES SIMPÁTRICAS TORPEDO TORPEDO (LINNAEUS,
1758) Y TORPEDO MARMORATA (RISSO, 1810) EN EL MAR MEDITERRÁNEO CENTRAL. – La biología reproductiva de las especies
Torpedo torpedo (n = 535) y Torpedo marmorata (n = 385), recolectadas en las aguas costeras del Mar Mediterráneo central italiano, desde septiembre de 2000 hasta octubre de 2001, ha sido estudiada y comparada. Los machos y las hembras
alcanzaron la longitud máxima de 445 y 477 mm TL en T. torpedo y de 364 y 553 mm TL en T. marmorata. Las hembras
de T. marmorata resultarón ser mayores que las de T. torpedo. El resultado contrario fue obtenido en los machos. Machos y
hembras de T. torpedo alcanzaron la talla de madurez sexual (TL50%) con tallas similares (249 mm TL y 258 mm TL respectivamente), mientras que la TL50% de las hembras de T. marmorata resultó ser mayor que de la de los machos (312 y 251
mm TL respectivamente). Las variaciones del índice gonadosomático (GSI) y del diámetro máximo de los ovocitos (MOD)
en las hembras maduras, sugirieron un período de gestación de seis meses en T. torpedo y nueve o diez meses en T. marmorata. La fecundidad tendió a aumentar proporcionalmente con la longitud. La comparación entre la fecundidad ovarica y
uterina de las especies estudiadas, indicó que T. torpedo tenía un mayor potencial reproductivo que T. marmorata. La talla
al nacer de T. torpedo resultó ser menor que en T. marmorata y los embriones de esta especie mostraran un crecimiento más
rápido respecto a los embriones de T. torpedo.
Palabras clave: elasmobranquios, rajiformes, reproducción, ciclo vital, Mediterraneo central.

INTRODUCTION
Electric rays (Elasmobranchia: Torpedinidae)
are cartilaginous fishes present in the
Mediterranean Sea with four species (Bigelow and

Schroeder, 1953; Tortonese, 1956; Serena, 2005).
Torpedo torpedo (Linnaeus, 1758) is an AtlanticMediterranean species (Quignard and Tomasini,
2000), mostly distributed along the Mediterranean
eastern coasts, on soft bottoms at up to 160 m depth
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(Tortonese, 1956; Fischer et al., 1987). Torpedo
marmorata (Risso, 1810) is distributed in the eastern Atlantic from Brittany to South Africa (Bini,
1967) and in the whole Mediterranean Sea
(Stehmann and Bürkel, 1984), being more abundant on soft bottoms alongside its western coasts
(Capapé, 1979), from the surface to depths of about
300 metres, occasionally 550 metres (Fischer et al.,
1987). The migratory (Sthemann and Bürkel, 1984)
Torpedo nobiliana (Bonaparte, 1835) is the rarest
species and is only occasionally caught along the
Mediterranean coasts. Torpedo sinuspersici is a
Lessepsian species recently reported in the
Mediterranean in inshore waters over sandy bottoms, down to a depth of 200 m (Serena, 2005).
Several recent studies have shown that the
abundance of most species of elasmobranchs in the
Mediterranean Sea has been sharply decreasing
over the last few decades (Aldebert, 1997;
Bertrand et al., 2000; Hemida et al., 2000; Vacchi
and Notarbartolo di Sciara, 2000; Soldo, 2003),
mainly as a consequence of high fishing pressure
and their high sensitivity, due to their large size,
late maturity and low fecundity (Walker and
Hyslop, 1998). In the central Mediterranean Sea
electric rays are commonly caught by commercial
trawling as by-catch and usually discarded at sea,
so data on catches of these species are largely
unknown. Information on the reproductive biology
of T. marmorata and T. torpedo is available for
Tunisia (Quignard and Capapé, 1974; Capapé,
1979; Ennajar et al., 2002), the Atlantic coast of
France, (Mellinger, 1971) and Egyptian
Mediterranean waters (Abdel-Aziz, 1994). In the
central Mediterranean Sea, studies on the reproductive biology of these species mostly concentrate on histochemical observations of the morphology and physiology of the female reproductive
tract (Ranzi, 1932; Chieffi, 1961; Uva and
Tagliaferro, 1968; Uva, 1971). Lo Bianco (1909)
studied the fecundity of a few pregnant females of
both species in the southern Tyrrhenian Sea.
However, there is little up-to-date information on
the reproductive biology of Torpedo spp. in the
central Mediterranean Sea. Hence, the aim of this
study is to increase knowledge of the length at first
maturity, reproductive period and fecundity of T.
marmorata and T. torpedo in the central
Mediterranean Sea. In addition, it compares the
reproductive biology of two out of four species of
the genus Torpedo living in the Mediterranean Sea.
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FIG. 1. – Map of trawl fishing grounds of Fiumicino landing
harbour.

MATERIALS AND METHODS
Samples of the common torpedo T. torpedo (n =
535) and marbled electric ray T. marmorata (n =
385) were collected monthly from September 2000
to October 2001 (Table 1) at the landing site of
Fiumicino harbour. Samples were obtained from
catches of bottom trawlers (with a trawl net of 40
mm mesh diameter) operating on soft bottoms of the
western coasts of Latium, from the coast down to
600 m depth, where the two studied species are particularly abundant (Fig. 1). The specimens obtained
were representative samples of populations inhabiting the area, in relation to their known bathymetrical
distribution (see introduction) and seasonality of
reproductive cycle. Sex ratio (male/female) was calculated for three length groups (124 mm width) chosen according to maturity stages (I: immature, II:
maturing, III; mature) and for the whole sample in
the embryo population. Fishes were sexed and
measured: total length (TL), total and eviscerated
weight (TW, EW) were measured to the nearest millimetre and centigram respectively (Bass et al.,
TABLE 1. – Monthly samples of T. torpedo and T. marmorata.
Month

September 2000
October 2000
November 2000
December 2000
January 2001
February 2001
March 2001
April 2001
May 2001
June 2001
July 2001
August 2001
September 2001
October 2001

T. torpedo
males
females
5
/
31
9
7
21
18
6
1
21
44
28
6
33

/
/
60
8
43
46
36
6
3
8
37
19
6
33

T. marmorata
males
Females
4
1
17
39
12
5
4
7
25
19
26
19
4
11

12
2
19
11
13
5
12
8
31
11
29
25
1
13
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1973). Maturity stages were determined by macroscopic study of reproductive organs following a
scale proposed by Stehmann (2002) and modified
for these two species as follows:
- Active and/or copulating males were classified
as mature.
- The “differentiating” developing stage was
included in the “early pregnant” stage, whereas the
“expecting” developing stage was pooled with the
“late pregnant” stage because the presence of embryos
in uteri always excluded the occurrence of unsegmented ova in Torpedo spp. females (Ranzi, 1932).
- The post-pregnant stage was added in order to
describe the occurrence of females that were still
widened over their full length but had empty uteri
and ovaries empty or with small oocytes in initial
vitellogenesis.
Testes and ovaries were weighed to 0.001 g;
maximum oocyte diameter (MOD) was measured to
1 mm; clasper length was taken from the back end
of the cloacal slit to the tip of the claspers.
Gonadosomatic index (GSI) was calculated as
(GW/EW) x 100. Only GSI and MOD values of
mature, early, late and post-pregnant females were
considered in order to define the spawning season.
Seasonal and monthly (or bi-monthly in the case of
T. marmorata) data for GSI and MOD were represented as mean values. The number of ripe oocytes
was counted in ovaries of all mature females and the
number of segmented ova and/or embryos was
recorded in uteri of pregnant females. Ovarian and
uterine fecundity was defined as the number of
oocytes and embryos or segmented ova, respectively. Developed embryos (T. torpedo 83 and T. marmorata 185, respectively) were weighed without
their yolk sac (EW) and measured to the nearest
centigram and millimetre (TL). Linear regression
analysis was applied to estimate EW-TL relationships. The analysis was carried out on natural logtransformed EW and TL data. A t-test was used to
check for allometry (if slopes were significantly different from 3). Student’s t-test was performed in
order to estimate differences in the length-weight
regression slope (Zar, 1996) among sexes within
(male vs. female) and between species (female vs.
female and male vs. male).
Linear regression analysis was also used to estimate variation of ovarian and uterine fecundity with
length. Since fecundity was expressed by counts, a
natural log-transformation of dependent variables
was needed. Differences in the slope of length-ovar-

ian and uterine fecundity relationships between
females were tested by a Student’s t-test. When
slopes resulted similar (size effect on the dependent
variable is not significantly different between
species), a t-test was further used to check for differences in mean values. ANOVA was used to evaluate differences in mean GSI among seasons for
both sexes. When significant, the LSD test was used
as a post-hoc. Size at first maturity (TL50%) was estimated using the following logistic model: frequency
of mature = e (-a + b*TL)/(1 + e (-a + b* TL)) and TL50%= b/a.
Loss function and estimation methods were
Maximum Likelihood (Fisher, 1922) and
Rosembrok-Quasi Newton (Hooke and Jeeves,
1961; Fletcher and Reeves, 1964), respectively.
Differences from sex ratio 1:1 were checked by chisquare test on a 2x3 contingency table (males and
females; length groups: I=96-220, II=221-340 and
III>341 mm). Embryo sex ratio was checked by a
simple chi-square test. All analyses were performed
using STATISTICA 6.0 software.

RESULTS
The frequency distribution of sexes showed that
females attained larger sizes than males in both
species. This difference was less evident in T. torpedo (Fig. 2a), where the largest female measured
477 mm TL whereas the largest male measured
445 mm TL. Conversely, in T. marmorata (Fig. 2b)
males were conspicuously shorter than females,
the largest male and female measuring 364 and
553 mm TL, respectively.
Sex ratio did not differ among size groups (χ2,
d.f.=2, P>0.05) in T. torpedo, whereas it varied in T.
marmorata (χ2, d.f.=2, P<0.001): in the first and
second size group, males exceeded females, and
vice versa in the third one. Embryo sex ratio was not
significantly different from 1:1, being 1.10 (χ2,
d.f.=1, P>0.05) and 0.80 (χ2, d.f.=1, P>0.05) in T.
torpedo and T. marmorata, respectively.
Fitted TL-EW equations (Fig. 3a, b) were significant in both T. torpedo (males: F- test, d.f.=1
and 228, P<0.001; females: F- test, d.f.=1 and 308,
P<0.001) and T. marmorata (males: F- test, d.f.=1
and 181, P<0.001; females: F- test, d.f.=1 and 197,
P<0.001). A negative allometry was found in all
cases (T. torpedo: males, t-test d.f.=364, P<0.001;
females, t-test d.f.=620, P<0.001; T. marmorata:
males, t-test d.f.=458, P<0.001; females, t-test
SCI. MAR., 71(2), June 2007, 213-222. ISSN: 0214-8358
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FIG. 2. – Size-frequency distribution by sex (, females and , males) computed by 20 mm width length classes in T. torpedo (a) and
T. marmorata (b).

FIG. 3. – Relationships between eviscerated weight and total length in females () and males () of T. torpedo (a) and T. marmorata (b).

d.f.=396, P<0.001). The slope of the fitted linearised TL-EW equations was significantly higher
in females than in males in both T. torpedo
(Student’s t-test for homogeneity of slope:
d.f.=536, P<0.001) and T. marmorata (Student’s ttest for homogeneity of slope: d.f.=378, P<0.001).
Conversely, the regression slope was similar in the
comparison between females (Student’s t-test for
homogeneity of slope: d.f.= 506, P=0.79); since
the effect of size was similar between females,
mean eviscerated weight was further compared,
resulting significantly higher (t-test: d.f.= 508,
P<0.01) in T. marmorata (597.6 g) than in T. torpedo (485.3 g).
In the comparison between males the allometric
coefficient was similar (Student’s t-test for homogeneity of slope: d.f= 409, P>0.05); therefore, mean
eviscerated weight was significantly higher in T. torpedo (406.8 g) than in T. marmorata (266.2 g) (ttest: d.f.= 508, P<0.01).
SCI. MAR., 71(2), June 2007, 213-222. ISSN: 0214-8358

In T. torpedo the smallest mature and pregnant
females had a TL of 235 and 275 mm, respectively. Length at first maturity was estimated at 258
mm TL (χ2, d.f.=1, P<0.001). The smallest mature
male had a TL of 227 mm and the largest immature
one had a TL of 265 mm. Male size at first maturity was 249 mm TL (χ2, d.f.=1, P<0.001). In T.
marmorata, the smallest mature and pregnant
females had a TL of 267 and 295 mm, respectively. The size at first maturity was 312 mm TL (χ2,
d.f.=1, P<0.001). The smallest mature male had a
TL of 231 and the largest immature one had a TL
of 275 mm. Fifty per cent of males were mature at
251 mm TL (χ2, d.f.=1, P<0.001). Mean female
values of GSI increased after the length at first
maturity in both species (Table 2), attaining values
ranging between 4.1 and 10.3% in T. torpedo and
between 1.1 and 9% in T. marmorata. Also, in
males of both species, mean GSI increased after
size at first maturity, differing from females for
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Table 2. – Variation of mean (± S.D.) gonadosomatic index (GSI) in females and males of T. torpedo and T. marmorata according to
size classes.

Length classes
(mm)

T. torpedo
GSI (%)

120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440
460

0.12 ± 0.02
0.09 ± 0.02
0.10 ± 0.03
0.10 ± 0.06
0.20 ± 0.17
0.48 ± 0.63
4.12 ± 2.5
6.59 ± 2.19
4.66 ± 2.22
6.34 ± 2.67
7.25 ± 2.50
8.33 ± 2.53
7.58 ± 3.89
7.72 ± 2.74
6.94 ± 3.61
10.3 ± 1.3
-

females
T. marmorata
n
GSI (%)
7
12
13
5
21
20
12
17
25
35
33
16
6
11
7
3

0.09 ±0.01
0.05 ± 0
0.07 ± 0.02
0.07 ± 0.01
0.05 ± 0.007
0.09 ± 0.05
0.10 ± 0.06
0.14 ± 0.03
0.19 ± 0.06
0.31 ± 0.26
1.12 ± 0.90
1.53 ± 1.76
5.63 ± 3.91
1.29 ± 1.14
2.14 ± 1.51
3.67 ± 2.91
2.13 ± 2.03
9.02 ± 2.91

males
n
4
1
5
9
16
22
20
16
17
16
9
6
6
2
4
3
2
2

T. torpedo
GSI (%)

n

0.08 ± 0.01
0.09 ± 0.02
0.008 ± 0.001
0.09 ± 0.03
0.10 ± 0.07
0.13 ± 0.11
0.20 ± 0.14
0.17 ± 0.05
0.21 ± 0.07
0.21 ± 0.06
0.20 ± 0.07
0.21 ± 0.10
0.16 ± 0.05
0.29 ±0.09
0.27

5
5
9
19
14
24
22
25
19
25
22
23
12
5
1

T. marmorata
GSI (%)

n

0.10 ± 0.09
0.07 ± 0.008
0.08 ± 0.009
0.11 ± 0.007
0.15 ± 0.009
0.25 ± 0.009
0.31 ± 0.10
0.29 ± 0.09
0.30 ± 0.08
0.38 ± 0.08
0.19 ± 0.02

3
5
5
9
21
39
50
28
14
5
2

FIG. 4. – Seasonal variation of mean (± S.E) gonadosomatic index (GSI) in females (a) and males (b) of T. torpedo () and T. marmorata ().

much shorter ranges of variation (between 0.16
and 0.29% in T. torpedo and between 0.19 and
0.38% in T. marmorata).
T. torpedo females showed significant differences in GSI among seasons (ANOVA, d.f.=3 and
219, P<0.001), with autumn and winter mean GSI
values (Fig. 4a) higher than spring and summer ones
(LSD
test,
winter>autumn>summer=spring,
P<0.05). Also, in T. marmorata females significant
differences were found in mean GSI among seasons
(ANOVA, d.f.=3 and 68, P<0.05), with the index
decreasing sharply between autumn and winter (Fig.
4a), then increasing slightly and attaining similar
values in spring and summer (LSD test,
autumn≥spring=summer=winter, P< 0.05). For T.
torpedo males (ANOVA, d.f.=3 and 181, P< 0.001),
the index decreased from autumn to spring (Fig. 4b),
then increased in summer (LSD test, autumn>sum-

mer=winter>spring, P<0.05); in males of T. marmorata (ANOVA, d.f.=3 and 90, P< 0.01) only the
GSI mean values in spring were different from those
of the other seasons (Fig. 4b) (LSD test,
autumn=winter=summer >spring, P< 0.05). The
monthly evolution of maturity stages in adult
females of T. torpedo (Fig. 5) showed that all the
sampled specimens were mature from November to
March and early pregnant from the end of March to
the beginning of July. In July and August, almost all
the examined specimens were late pregnant; in
September and October about 80% of the sample
were post-pregnant and 20% mature. Mean values
of MOD increased from November to March, then
decreased sharply from April to August before starting to increase again in September (Fig. 5).
The bi-monthly percentage of maturity stages
in adult females of T. marmorata (Fig. 6) indicatSCI. MAR., 71(2), June 2007, 213-222. ISSN: 0214-8358
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FIG . 5. – Monthly evolution of maturity stages in adult females of
T. torpedo ( mature;  early pregnant;  late pregnant;  postpregnant) and monthly variation of mean (± S.D.) maximun oocyte
diameter (MOD) in adult females of T. torpedo.

d.f. =1 and 16, P<0.01). Slopes of the TL-ovarian
fecundity relationship between the two species
(Fig. 7) were significantly higher in T. torpedo
than in T. marmorata (Student’s t-test for homogeneity of slope: d.f.= 229, P< 0.001); otherwise,
comparing uterine fecundity (Fig. 8) slopes were
not significantly different (Student’s t-test for
homogeneity of slope: d.f.= 40, P>0.5). Mean
uterine fecundity was further compared, resulting
higher (t-test: d.f.= 41, P<0.001) in T. torpedo (9.5
±1.4 S.D.) than in T. marmorata (7.9 ± 3.9 S.D).
The embryo mean TL of T. torpedo was respectively 47.4 mm in July and 63.8 mm in August.
The largest embryo measured 80.0 mm TL and the
smallest free-swimming specimen measured 96.0
mm TL. The embryo mean TL of T. marmorata
was 48.3 mm in July, 96.0 mm in September and
109.7 mm in October; the largest embryo found
measured 117.0 mm TL, and the smallest freeswimming specimen measured 100.0 mm TL.
Length-weight relationships in embryos of T. torpedo and T. marmorata (Fig. 9) were both significant (F-test, d.f.=1 and 179, P<0.001; F-test, d.f.=
81, P<0.001, respectively) and showed a negative
(t-test: d.f.= 362, P<0.001) and a positive (t-test:

FIG . 6. – Bi-monthly evolution of maturity stages in adult females
of T. marmorata ( mature;  early pregnant;  late pregnant; 
post-pregnant) and bi-monthly mean (± S.D.) maximum oocyte
diameter (MOD) in adult females of T. marmorata.

ed that mature individuals were found all year
round. Early pregnant specimens were found from
January (the greatest amount) to August, whereas
late pregnant individuals occurred from July to
October and post-pregnant ones from September
to February. Mean values of MOD (Fig. 6) were
higher in the autumn-winter season than in the
spring-summer one.
The analysis of 187 mature females of T. torpedo (235-477 mm TL) in full vitellogenic activity
revealed 2 to 22 yellow-yolked ovarian eggs.
Counts of embryos in uteri of 26 pregnant females
revealed a range from 4 to 19. The 57 mature T.
marmorata females (267-492 mm TL) contained 1
to 35 mature ovarian eggs. Embryos, found in uteri
of 18 pregnant females, ranged from 3 to 16.
Ovarian and uterine fecundity increased significantly with length in both T. torpedo (ovarian: FTest, d.f.=1 and 185, P<0.001; uterine: F-Test,
d.f.=1 and 24, P<0.001) and T. marmorata (ovarian: F-Test, d.f.=1 and 44, P<0.001; uterine: F-Test,
SCI. MAR., 71(2), June 2007, 213-222. ISSN: 0214-8358

FIG . 7. – Relationship between ovarian fecundity and total length in
T. torpedo () and T. marmorata ().

FIG . 8. – Relationship between uterine fecundity and total length in
T. torpedo () and T. marmorata ().
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FIG . 9. – Relationship between eviscerated weight and total length in embryos of T. torpedo (a) and T. marmorata (b).

d.f.= 165, P<0.001) allometry, respectively. The
allometric coefficient was higher in embryos of T.
marmorata than in those of T. torpedo (Student’s ttest for homogenity of slope: d.f = 260, P< 0.001).

DISCUSSION
The males and females of T. torpedo analysed in
this work attained larger sizes (TL 15 cm greater
for males and 6-11 cm greater for females) than in
other Mediterranean areas (Capapè, 1979; AbdelAziz, 1994; Ennajar et al., 2002; Capapè et al.,
2004 ). However, females of this species attained
smaller sizes (TL 8 cm less) than those in Atlantic
populations (Capapè et al., 2000). On the other
hand, T. marmorata males and females showed no
evident differences in maximum length compared
to the same areas.
Some interesting results were achieved in comparison between sexes of the two investigated
species: taking into account the effect of size, males
of T. torpedo attained a greater mean mass than
those of T. marmorata, and vice versa for females.
This result was not in accordance with observations
within the Mediterranean and Atlantic populations,
where both sexes of T. marmorata were always bigger than T. torpedo (Capapè et al. 2004). Such
observed interspecific differences between males
could be explained on the basis of two hypotheses:
1) geographic related changes in size are common in elasmobranchs, as reported by some
authors (Faurè-Fremiet, 1942; Moreno, 1995) and
they are related to environmental influences, especially food availability, light, temperature and

other (Leloup and Oliverau, 1951). The availability of organic and inorganic nutrients in the sampling area is chiefly related to the surplus produced
by the contribution of the Tiber river flow in
coastal Latium waters (Ardizzone et al., 1985),
which are preferred by the common torpedo. A
very likely positive cascade effect on coastal food
web biomass should be reflected in an increase in
size in the common torpedo population of Latium
inshore waters. As mentioned above, our samples
of common torpedo were larger in size than those
in other Mediterranean areas but smaller than those
in the Atlantic. Owing to the mesotrophic condition
usually found in oceanic environments (Barnes and
Hughes, 1982), some fish species attain larger size
in the Atlantic than in the Mediterranean (Froese
and Pauly, 2006), which is a typical oligotrophic
environment (Ghirardelli, 1981). The observed difference between males was due to a truly geographic-related increase in size affecting common
the torpedo population of Latium inshore waters.
Therefore, such a hypothesis is consistent.
2) Sexual segregation. It is known that in elasmobranchs sexes tend to segregate by depth and/or
by area, with males distributed at deeper stands in
relation to reproduction (Sims, 2005). In the study
area, 95% of Fiumicino landing comes from
coastal bottom trawlers operating on bottoms of
the continental shelf and slope (Sbrana et al.,
2000). Hence, sampling effort was adequate to
cover the entire known distribution of both species
(0-300 m depth; Froese and Pauli, 2006).
Furthermore, it is unlikely that the sampling effort
excluded larger males of the marbled torpedo
because the maximum total length observed in this
SCI. MAR., 71(2), June 2007, 213-222. ISSN: 0214-8358
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sample was similar to that recorded in other
Mediterranenan areas (Ennajar et al., 2002;
Capape et al., 2004). Therefore such a hypothesis
is not consistent.
Some differences in population structure
between the two species studied can be inferred
from frequency distributions. Although genders
were equally represented at birth in both species, in
the T. torpedo population sexes exhibited a similar
size range, as Abdel-Aziz (1994) also observed. On
the other hand, T. marmorata females attained very
large sizes compared to males and became predominant in number as size increased. Furthermore,
females of both species exhibited a higher rate of
mass increment with size than males, as Mellinger
(1971) and Capapè (1979) observed previously.
These results agree with the observations of
Mellinger (1989) that in elasmobranch viviparous
species larger females are of particular value in carrying the brood during the whole gestation, providing organic and inorganic nutrients (Capapè et al.,
2004). Hence, the larger increase in female size
observed in T. marmorata than in T. torpedo indicated that the former need a greater energy requirement for gestation (i.e. longer duration) than the latter. This observation was based on size at first maturity, which was similar in males and females of T.
torpedo but different in T. marmorata, with males
reaching maturity at a smaller size than females, as
also observed by Mellinger (1971), Capapè (1979)
and Abdel-Aziz (1994). Since a reduction in growth
rate is expected after size at first maturity is attained,
the delay in female maturation in comparison with
males is related to the numerical predominance of
females within the largest size classes (Cortes,
2000). Since larger females exhibit a greater fecundity, this represents an evolutive advantage for elasmobranchs (Cortes, 2000). Also in this work, both
species showed an increase in fecundity with size, as
several authors have reported in the Mediterranean
and Atlantic (Ranzi, 1932; Tortonese, 1956;
Mellinger, 1971; Quignard and Capapè, 1974;
Abdel-Aziz 1994). Ovarian and uterine fecundity
were similar in T. torpedo, indicating that all ripe
oocytes were fertilised. In T. marmorata, ovarian
fecundity was higher than uterine fecundity, indicating that either some ripe oocytes were not ovulated
but degenerated, or a bias exists due to the behaviour of pregnant females which lose their brood
when they are caught, as Lo Bianco observed
(1888). Comparing the two species, both the ovariSCI. MAR., 71(2), June 2007, 213-222. ISSN: 0214-8358

an and the uterine fecundity of T. torpedo were higher than those of T. marmorata, indicating that T. torpedo is likely to exhibit a greater reproductive
potential than T. marmorata.
T. torpedo size at birth was smaller than that of T.
marmorata, and their embryos were similar in size
to those in other geographical Mediterranean areas
(Ranzi, 1932; Quignard and Capapè, 1974; AbdelAziz; 1994). Furthermore, the comparison between
allometric coefficients indicated that size difference
in post-partum populations between the two species
already started at the embryonic development stage.
According to seasonal and monthly variation of
GSI and MOD, ovulation in T. torpedo was assumed
to take place between late winter and early spring, as
also observed by Ranzi (1932) and Quignard e
Capapè (1974) on Tunisian coasts. The gestation
period was assumed to last about six months and
parturition probably took place from late August to
early September, as also observed in North African
populations (Quignard and Capapè, 1974; Abdel –
Aziz, 1994). Consequently, the common torpedo
was confirmed to have an annual reproductive cycle
also in the central Mediterranean Sea. Seasonal
evaluation of male GSI suggested that mating
occurred between autumn and winter.
The reproductive cycle of T. marmorata probably lasts two years at least (Lo Bianco, 1909;
Ranzi, 1932; Uva and Tagliaferro, 1968; Mellinger
1971; 1974). Seasonal and bi-monthly variation in
GSI and MOD did not clear the sexual cycle of
mature females of T. marmorata because of the
presence of different categories of mature females
during the same period of the year. Mature females,
ready for ovulation, were observed mostly in
autumn, whereas early pregnant ones with uterine
eggs were observed in January and February. The
disappearance of pregnant females in November
and December suggested that gestation could last
9-10 months, as Mellinger (1974) observed in the
Gulf of Guascogne, and hatching could occur in
late October. The GSI seasonal variation in males
indicated that mating was likely to occur between
autumn and winter.
In conclusion, although T. torpedo and T. marmorata are both strictly k-selected species, as
viviparous aplacental breeders, some distinctive
differences can be pointed out. T. torpedo, more
abundant in coastal waters (Tortonese, 1956; Bini,
1967), was a more fecund species with both a less
pronounced size dimorphism and a numerical equi-
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librium between sexes. Such features, together
with an annual reproductive cycle, lead to an
enhanced mating likelihood and an optimised
reproduction success in coastal areas, where variability of environmental factors is more intense.
Conversely T. marmorata, inhabiting a deeper
environment (Fischer et al., 1987), proved to be a
less fecund species with a distinct size dimorphism
and with a numerical predominance of females
within the largest size classes. These aspects,
together with the suspected two-year reproductive
cycle, can be put down to the obtaining of a better
newborn survivorship. In other words, the common
and the marbled torpedo display a different degree
of k-strategy, the former adapted to a more fluctuating environment and the latter typical for steady
environment conditions.
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