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ABSTRACT

A study of stomach contents of the electric marbled ray Torpedo marmorata Risso, 1810 has shown that the spe-
cies is a rather active feeder, consuming mostly teleosts and, occasionally, cephalopods. This confirms the fact that

T. marmorata is an ichthyophagous species, such as specimens from other areas and other species of the genus Tor-
pedo.
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ALIMENTAZIONE DELLA TORPEDINE MAREZZATA TORPEDO MARMORATA
(CHONDRICHTHYES: TORPEDINIDAE) AL LARGO DELLA COSTA DI LANGUEDOC
(FRANCIA MERIDIONALE, MEDITERRANEO SETTENTRIONALE)

SINTESI

Lo studio dei contenuti stomacali della torpedine marezzata Torpedo marmorata Risso, 1810 ha evidenziato che
la specie si alimenta attivamente, consumando in prevalenza teleostei e occasionalmente cefalopodi. I dati confer-

mano che T. marmorata & una specie ittiofaga, come precedentemente riscontrato su individui provenienti da altre
aree e su altre specie del genere Torpedo.

Parole chiave: Chondrichthyes, Torpedo marmorata, alimentazione, costa di Languedoc, Mediterraneo
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INTRODUCTION

The marbled electric ray Torpedo marmorata Risso,
1810 is known in the eastern Atlantic from the northern
areas such as off Scandinavia (Muus & Dahlstrom, 1964-
1966) and off the British Isles (Wheeler, 1969) to the Gulf
of Guinea (Blache et al., 1970). Smith & Heemstra (1986)
reported the species off South Africa, but this occurrence
in the area needs confirmation. T. marmorata is reported
throughout the Mediterranean, but it is rather abundantly
reported in the western than in the eastern basin, and off
the northern than off the southern shore (Capapé, 1989).
The reproductive biology had previously been studied for
specimens from the eastern Atlantic, north of the Strait of
Gibraltar (France; see Mellinger, 1969, 1971, 1973,
1974, 1976), south of the Strait of Gibraltar (Senegal; see
Capapé et al., 2001), and off Tunisia (Capapé, 1979). In
contrast, little has been studied regarding the diet and
feeding habits of the marbled electric ray, which is
known as a piscivorous species (Belbenoit, 1970; Belbe-
noit & Bauer, 1972). Additionally, Capapé (1979) re-
ported observations on stomach contents of specimens
from Tunisian coastal waters. Off the coast of Languedoc,
T. marmorata had formerly been reported by Doumet
(1860), Moreau (1881), Calvet (1905), Euzet (1960) and
Quignard et al. (1962), and the species is the most com-
mon torpedinid recorded in the area (Capapé et al.,
2006). Observations based on several specimens caught
in the area allow us to present herewith data on diet
composition of the Languedocian electric marbled rays.

MATERIAL AND METHODS

A total of 102 specimens, 43 males and 59 females,
were examined. The observed specimens were collected
off the Languedocian coast (Fig. 1) by demersal gill-nets,
at depths between 10 and 50 m, on sandy and muddy
bottoms, between 2001 and 2004. Total length (TL) of
all the specimens was measured to the nearest millime-
tre; they were weighed to the nearest gram. Males
ranged from 230 to 320 mm TL and weighed from 270
to 550 g, while females ranged from 195 to 550 mm TL
and weighed from 200 to 2940 g.

As soon as they were collected, the electric marbled
rays were dissected and the stomach contents removed,
sorted and identified to the lowest taxon (species level
when possible) using key and fields guides (Riedl, 1963;
Fischer et al., 1981, 1987). The prey items were counted
and weighed to the nearest decigram after removal of
surface water by blotting on tissue paper. To analyse the
diet composition of Torpedo marmorata, we used some
indices following Berg (1979), Hyslop (1980) and Tirasin
& Jorgensen (1999): vacuity index (VI) = number of
empty stomachs divided by the total number of stom-
achs; percentage frequency of occurrence (% F) = the
number of stomachs, in which a food item was found
expressed as percentage of the total number of stom-
achs; percentage numerical abundance (% Cn) = num-
ber of each prey type, expressed as a percentage of the
total number of all food types in all stomachs; percent-
age ponderal composition (% Cw) = wet weight of each
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Fig. 1: Map of France with the coast of Languedoc (redrawn from Capapé et al., 2000).
Sl. 1: Zemljevid Francije z obreZjem pokrajine Languedoc (po Capapé et al., 2000).
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prey type, expressed as a percentage of the total weights
of stomach contents in a sample.

Additionally, we used the index of relative abun-
dance, IRI (Pinkas et al., 1971; Cortes, 1997) as IRl = %
F x (% Cn = % Cw), expressed as a percentage to quan-
tify the diet as % IRl = (IRl / X IRI) x 100.

RESULTS AND DISCUSSION

Of the 102 stomach contents of Torpedo marmorata
examined, 63 were empty (VI = 61.76). Significant dif-
ferences were recorded between sexes, VI were 46.51
and 72.88 for males and females, respectively (x°- 23.5,
df =1).

The diet of the marbled electric ray consisted of two
major systematic groups, cephalopods and teleosts,
however, six species were ingested only (Tab. 1): the
European squid Loligo vulgaris Lamarck, 1798, the ele-
gant cuttlefish Sepia elegans Blainville, 1827, the
dragonet Callionymus lyra Linnaeus, 1758, the red
bandfish Cepola rubescens Linnaeus, 1766 and the
leaping grey mullet Liza saliens (Risso, 1810), which
was the most identifiable prey species (IRl = 281.88).

The vacuity index calculated for the Languedocian T.
marmorata is lower than this observed for the Tunisian
specimens. The latter specimens were captured thirty
years ago, between 1970 and 1975 (Capapé, 1979);
formerly, the Tunisian coast was not the focus of an in-
tensive fishery during this period, consequently the bio-
logical environment was relatively rich (Lubet & Azouz,
1969). Specimens from Languedocian waters have more
recently been examined in the second area that is inten-
sively exploited by both commercial and craft fisheries.
Fishing method could also explain differences in the va-

cuity index recorded between the two areas. Off the
Languedocian coast, the marbled electric rays from our
sample were caught by gill-nets, in which they spent all
night and thus could not seek their prey; additionally,
the prey consumed prior to the predators being caught
could be entirely digested. A great number of both
cephalopod and teleost prey items remained unidenti-
fied (see Table 1).

In contrast, off the Tunisian coast, they were caught
by trawl, and they could accidentally ingest prey during
capture. This could also explain why more teleost spe-
cies were identified in Tunisian T. marmorata than in the
Languedocian specimens, 13 vs. 3. Additionally, teleosts
species constituted quantitatively and qualitatively the
main prey species T. marmorata from both areas, whilst
cephalopods were occasionally preyed, a single cama-
rote shrimp Penaeus kerathurus (Forskal, 1764) was ac-
cidentally found in the stomach of a Tunisian specimen.
Similar patterns were observed in the diet of T. marmo-
rata from off the coast of Senegal (unpubl. data), as well
as in the diet of its close relative species, the common
torpedo Torpedo torpedo (Linnaeus, 1758) from off the
Tunisian coast (Quignard & Capapé, 1974). T. marmo-
rata is a selective predator that feeds quasi exclusively
on teleost species. This is due to the prey capture be-
haviour and feeding habits of the species of the genus
Torpedo. Belbenoit & Bauer (1972) first videorecorded
and described T. marmorata capturing its prey in captiv-
ity. Generally, T. marmorata at rest was waiting for prey
while hidden in the sand. So, when a prey swims near a
marbled electric ray at a short distance, 40 mm ap-
proximately, the latter jumps and simultaneously immo-
bilizes the prey by its electric organ discharge. Prior to
jumping, the predator detects the prey with its receptor

Tab. 1: Diet composition of the 102 marbled electric rays collected off the Languedocian coast. Legend: % F — fre-
quency of occurrence; % Cn - percentage numerical composition; % Cw - percentage ponderal composition; IRI

— index of relative importance.

Tab. 1: Sestava hrane v Zelodcih 102 navadnih elektri¢nih skatov, ujetih v obreZnih vodah pokrajine Languedoc.
Legenda: % F — frekvenca pojavljanja; % Cn - $tevil¢nost v odstotkih; % Cw — biomasa v odstotkih; IRl — indeks

relativne pomembnosti.

Food items (% F) | (%Cn) | (%Cw) | IRI \ % IRI
Cephalopods

Loligo vulgaris 0.98 2.00 0.70 2.64 0.06
Sepia elegans 0.98 2.00 3.68 5.57 0.12
Unidentified preys 2.94 6.00 0.69 19.67 0.43
Total 4.90 10.25 5.07 27.88 0.61

Teleosts

Callionymus lyra 0.98 2.00 1.32 3.25 0.07
Cepola rubescens 1.96 4.00 7.24 23.03 0.59

Liza saliens 1.96 4.00 43.75 93.59 2.05

Unidentified 37.25 76.00 42.53 4415.24 96.68
Total 42.15 86.00 94.84 4653.95 99.39
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Fig. 2 / Sl. 2: Torpedo marmorata. (Photo / Foto: B. Furlan)

organs. The discharge is sufficient to break the vertebral
column of the prey, which moves under the disc and is
then absorbed. Active swimmers, such as teleosts, pro-
duce flue water that induces electric discharges. This
explains their importance in the diet of T. marmorata,
and offers us an opportunity to state, in agreement with
previous papers, that the marbled electric ray is a pis-
civorous species (Fig. 2).

The diet composition of T. marmorata from both Tu-
nisian and Languedocian coasts has shown that the spe-

cies feeds on more species than its close relative T. tor-
pedo from the same area (Quignard & Capapé, 1974;
Capapé, 1979). According to Capapé (1979), this phe-
nomenon could be due to the fact that T. marmorata
reaches a larger size than T. torpedo and is, conse-
quently, a more active feeder. Similar patterns were re-
ported in other elasmobranch species, such as rajids
(Capapé & Azouz, 1976; Capapé, 1977a; Capapé &
Quignard, 1977) and myliobatids (Capapé, 1976,
1977b; Jardas et al., 2004).

PREHRANA NAVADNEGA ELEKTRICNEGA SKATA TORPEDO MARMORATA
(CHONDRICHTHYES: TORPEDINIDAE) V OBREZNIH VODAH POKRAJINE LANGUEDOC
(JUZNA FRANCIJA, SEVERNO SREDOZEMSKO MORJE)

Christian CAPAPE, Séverine CROUZET, Céline CLEMENT, Yvan VERGNE & Olivier GUELORGET
Laboratoire d’Ichtyologie, case 104, Université Montpellier Il, Sciences et Techniques du Languedoc, 34095 Montpellier cedex 05, France
E-mail: capape@univ-montp2.fr

POVZETEK

Analiza hrane v Zelodcih navadnega elektricnega skata Torpedo marmorata Risso, 1810 je pokazala, da se ta vr-
sta prehranjuje zelo aktivno, predvsem s pravimi kostnicami, obcasno pa tudi z glavonoZci. To potrjuje Ze znano
dejstvo, da je T. marmorata ribojeda vrsta, tako kot osebki iz drugih obmocij in drugih vrst iz rodu Torpedo.

Klju¢ne besede: Chondrichthyes, Torpedo marmorata, prehrana, obrezne vode Languedoca, Sredozemsko morje

20



ANNALES - Ser. hist. nat. - 17 - 2007 - 1

Christian CAPAPE et al.: DIET OF THE MARBLED ELECTRIC RAY TORPEDO MARMORATA (CHONDRICHTHYES: TORPEDINIDAE) ..., 17-22

REFERENCES

Belbenoit, P. (1970): Comportement alimentaire et dé-
charge électrique associée chez Torpedo marmorata (Pi-
sces, Selachii). Z. Vergl. Physiol., 67, 205-216.
Belbenoit, P. & R. Bauer (1972): Videorecordings of
prey capture behaviour and associated electric organ
discharge of Torpedo marmorata (Chondrichthyes). Mar.
Biol., 17, 93-99.

Berg, J. (1979): Discussions of the methods of investi-
gating the food of fishes with references to a preliminary
study of the food of Gobiusculus flavescens (Gobiidae).
Mar. Biol., 50, 263-273.

Blache, J., ). Cadenat & A. Stauch (1970): Clé de déter-
mination des poissons de mer signalés dans |’Atlantique
oriental (entre le 20eme parallele N. et le 15eme paral-
lele S.). Faune trop., ORSTOM, 18, 1-479.

Calvet, L. (1905): La Station biologique de Cette avec
une esquisse de la Faune et de la Flore marines de la ré-
gion. Poissons. Trav. Inst. Zool. Univ. Montpellier, pp.
68-70.

Capapé, C. (1976): Etude du régime alimentaire de I"Ai-
gle de mer, Myliobatis aquila (L., 1758) des cotes tu-
nisiennes. J. Cons. Int. Explor. Mer, 37(1), 29-35.
Capapé, C. (1977a): Observations sur le régime ali-
mentaire de quelques raies des cotes tunisiennes. Rapp.
Comm. int. Mer Médit, 24(5), 99—-100.

Capapé, C. (1977b): Etude du régime alimentaire de la
Mourine vachette, Pteromylaeus bovinus (Geoffroy
Saint-Hilaire, 1817), (Pisces, Myliobatidae) des cotes tu-
nisiennes. J. Cons. Int. Explor. Mer, 37(3), 214-220.
Capapé, C. (1979): La torpille marbrée, Torpedo mar-
morata Risso, 1801 (Pisces, Rajiformes) des cotes tu-
nisiennes: nouvelles données sur I'écologie et la biolo-
gie de la reproduction de I'espece avec une comparai-
son entre les populations méditerranéennes et atlan-
tiques. Ann. Sci. nat., Zool. Paris, 13 eme série, 1, 79—
97.

Capapé, C. (1989): Les Sélaciens des cotes méditer-
ranéennes: Aspects généraux de leur écologie et exem-
ples de peuplements. Océanis, 15(3), 309-331.

Capapé, C. & A. Azouz (1976): Etude du régime ali-
mentaire de deux Rajidae communs dans le golfe de
Tunis, Raja miraletus, Linné, 1758 et R. radula Delaro-
che, 1809. Rapp. Comm. int. Mer Médit., 23(8), 39-41.
Capapé, C. & ). P. Quignard (1977): Contribution a la
biologie des Rajidae des cotes tunisiennes. VI. Raja aste-
rias Delaroche, 1809: régime alimentaire. Bull. Inst.
Natl. Sci. Tech. Oceanogr. Peche Salammbo, 4(2-4),
319-332.

Capapé, C., ). A. Tomasini & J. P. Quignard (2000): Les
Elasmobranches Pleurotrémes de la cote du Languedoc
(France méridionale, Méditerranée septentrionale). Ob-
servations biologiques et démographiques. Vie Milieu,
50(2), 123-133.

21

Capapé, C., A. Gueye-Ndiaye, Y. Diatta, M. Diop & A.
A. Seck (2001): Observations on six elasmobranch spe-
cies recorded from off the coast of Senegal (eastern
tropical Atlantic). Acta Adriat., 42(1), 89-102.

Capapé, C., O. Guélorget, Y. Vergne, A. Marques & ).
P. Quignard (2006): Skates and rays (Chondrichthyes)
from waters off the Languedocian coast (southern
France, northern Mediterranean). Annales, Ser. Hist.
Nat., 16(2), 166-178.

Cortes, F. (1997): A critical review of methods of
studying fish feeling based on analysis of stomach con-
tents: application to elasmobranch fishes. Can. J. Fish.
Aquat. Sci., 54, 726-738.

Doumet, N. (1860): Catalogue des poissons recueillis ou
observés a Cette. Rev. mag. Zool. pure appl, 2°™ sér.,
12, pp. 494-509.

Euzet, L. (1960): Recherches sur les Cestodes Tétraphyl-
lides des Sélaciens des cotes de France. Nat. Monspel.,
sér. zool., 3, 7-262.

Fischer, W., G. Bianchi & W. B. Scott (eds.) (1981):
Fiches FAO d’identification des 1981 especes pour les
besoins de la péche. Atlantique centre-est; zones de
péche 34, 47 (en partie). Canada Fonds de Dépot. Ot-
tawa, Ministere des Pécheries et Océans du Canada, en
accord avec l'organisation des Nations-Unies pour
I’Alimentation et I’ Agriculture, Vols. 1-7, pag. var.
Fischer, W., M. L. Bauchot & M. Schneider (1987):
Fiches F.A.O. d’identification des especes pour les be-
soins de la péche "Révision" Méditerranée et Mer noire.
Zone de péche 37. Vol. Il. Vertébrés. F.A.O., Rome, 2,
761-1530.

Hyslop, E. ). (1980): Stomach content analysis — a re-
view of methods and their application. J. Fish. Biol., 17,
411-429.

Jardas, 1., M. Santic & A. Pallaoro (2004): Diet compo-
sition of the eagle ray, Myliobatis aquila (Chondrich-
thyes: Myliobatidae), in the eastern Adriatic Sea. Cy-
bium, 28(4), 372-374.

Lubet, P. & A. Azouz (1969): Etude des fonds chalu-
tables du golfe de Tunis. Bull. Inst. Oceanogr. Peche
Salammbéo, 1(3), 87-111.

Mellinger, J. (1969): Développement post-embryonnaire
de I’adéno-hypophyse de la torpille (Torpedo marmo-
rata, Chondrichthyens): évolution du systeme des cavités
et manifestations du dimorphisme sexuel. Ann. Univ. et
A.E.R.S., 7, 33-48.

Mellinger, J. (1971): Croissance et reproduction de la
Torpille (Torpedo marmorata, Chondrichthyens). 1. In-
troduction. Ecologie. Croissance générale et dimor-
phisme sexuel. Cycle. Fécondité. Bull. Biol. France-
Belgique, 105, 165-218.

Mellinger, J. (1973): Croissance et reproduction de la
Torpille (Torpedo marmorata, Chondrichthyens). 2.
Croissance et variations pondérales de |’appareil digestif,
particulierement le foie. Bull. Biol. France-Belgique,
107, 213-230.



ANNALES - Ser. hist. nat. - 17 - 2007 - 1

Christian CAPAPE et al.: DIET OF THE MARBLED ELECTRIC RAY TORPEDO MARMORATA (CHONDRICHTHYES: TORPEDINIDAE) ..., 17-22

Mellinger, J. (1974): Croissance et reproduction de la
Torpille (Torpedo marmorata, Chondrichthyens). 3. L’ap-
pareil génital femelle. Bull. Biol. France-Belgique, 108,
107-150.

Mellinger, J. (1976): Croissance et reproduction de la
Torpille (Torpedo marmorata, Chondrichthyens). 4.
Croissance, dimorphisme sexuel et variations de la
glande interrénale, de la thyroide et de I’hypophyse.
Bull. Biol. France-Belgique, 110, 333-386.

Moreau, E. (1881): Histoire Naturelle des poissons de la
France. Vol. 1. Masson édit., Paris, 478 p.

Muus, B. P. & P. Dahlstram (1964-1966): Guide des
poissons de mer et de péche. Delachaux & Niestlé édit.,
Paris-Lausanne, 244 p.

Quignard, ). P. & C. Capapé (1974): Recherches sur la
biologie d’un sélacien du golfe de Tunis, Torpedo tor-
pedo Linné, 1758 (Ecologie, sexualité, reproduction).
Bull. Inst. Natl. Sci. Tech. Oceanogr. Peche Salammbo,
3(1-4), 99-129.

22

Quignard, ). P., A. Raibaut & J. P. Trilles (1962): Contri-
bution a la faune ichtyologique sétoise. Nat. Monspel.,
sér. zool., 4, 61-85.

Pinkas, L. M., S. Oliphant & I. L. K. Iverson (1971):
Food habits of albacore, blue fin tuna, and bonito in
Californian waters. Calif. Fish Game, 152, 1-105.

Riedl, R. (1963): Fauna und flora der Adria. Verlag Paul
Parey, Hamburg-Berlin, 640 p.

Smith, M. M. & P. C. Heemstra (eds.) (1986): Smiths’
sea fishes. Springer-Verlag, Berlin, 1047 p.

Tirasin, M. E & I. Jorgensen (1999): An evaluation of the
precision of the diet description. Mar. Ecol. Prog. Ser.,
182, 243-252.

Wheeler, A. (1969): The fishes of the British Isles and
North West Europe. McMillan and Co. Ltd., London,
613 p.



