
INTRODUCTION

The family Testacellidae Cuvier, 1800 comprises

the only genus Testacella Cuvier, 1800 with

Euro-mediterranean distribution extending up to

Macaronesia (Giusti et al., 1995; Schileyko,

2000; Rinaldi, 2003a; Bank, 2011). Testacella
spp. specimens are carnivorous and mostly feed

on earthworms actively hunted in the subsoil

and, sometimes, on molluscs (Benoit, 1857;

Paulucci, 1879; Webb, 1893; Quick, 1960). Such

a particular mode of life is likely to be the main

reason of the relative difficulty in sampling these

organisms.

In Italy three Testacella species, distinguishable

only by anatomical inspection, have been

reported, T. haliotidea Draparnaud 1801,

confirmed by anatomical data, from a single

station in the northwestern Italy (Piedmont,

Collina di Torino); T. gestroi Issel 1873, endemic

of Sardinia and southern Corsica; and T.
scutulum Sowerby, 1821 reported for some areas

of the peninsula and Sicily (Manganelli et al.,

1995). In North-central Italy the presence of T.
scutulum was documented (by anatomical data)

only for Liguria and Tuscany (Pollonera, 1889;

Wagner, 1915; Colosi, 1919; Giusti 1968, 1970,

1976; Giusti & Mazzini, 1970); recently it was

reported also for Abruzzo (Rinaldi, 2003a, b). 

In Southern Italy, the genus Testacella was

recorderd (although without any anatomical

analyses) only in three localities. In particular it

was reported in Campania on the island of Capri

(Costa, 1840; Bellini, 1915; Petraccioli et al.,

2005) where Bourguignat (1861), based on

morphological shell characters, described T.
drymonia; such a taxon was successively

accepted as valid by Pilsbry (1885) and Bellini

(1915) whereas, a few decades later, Alzona

(1971) suggested it to be a synonym of T.
haliotidea trigona Gassies & Fischer, 1856. In

the end, Petraccioli et al. (2005) attributed this

population to T. scutulum. In Basilicata, Degner

(1927) recorded Testacella sp. for Lagonegro

(locality Mala Mogliera) and Paulucci (1878,

1879) indicated the occurrence of Testacella sp.

in Calabria, Scilla (locality Grotte di Tremusa).

In Sicily, the genus Testacella has been recorded

for the island of Ustica and surroundings of

Palermo. In particular, Pirajno di Mandralisca

(1842) reported that the malacologist A. Bivona

collected a few specimens of T. haliotidea in Ustica

(Palermo, Sicily), whereas Testa (1842) and

Calcara (1842, 1845) and, some years later, Benoit
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(1857) reported the same taxon for Monte Cuccio

(Palermo) and Palermo surroundings. Alzona

(1971) agreed in attributing the populations from

Sicily and Ustica to T. haliotidea; on the contrary,

Manganelli et al. (1995) considered the sicilian

populations as T. scutulum.
In the present paper we report on 28 extant

specimens of T. scutulum collected in Campania,

Calabria and Sicily (Fig. 1), the reproductive

systems of which are described and illustrated in

details for the first time. Moreover a few notes on

feeding behavior are added including an

illustrative video (http://www.biodiversity

journal.com/video/BJ_video1.avi).

MATERIALS AND METHODS

All Testacella specimens were collected by sight

on the soil or under the rocks. Observations on

ecology of these organisms and their feeding

behavior were made both directly in the field and in

captivity by keeping the animals inside a terrarium.

In order to study and illustrate genital organs,

highly informative at the specific level, individuals

were drowned and fixed in 75% ethanol.

Reproductive apparatus was extracted by means of

scalpel, scissors and needles. Photographs were

taken with a digital camera. Height and maximum

diameter of the shell along with some parts of

genitalia were measured (in millimeters) by a

digital gauge. Illustrations of genitalia were

sketched using a camera lucida. Voucher specimens

were stored in collections indicated below.

Toponyms (place-names) are reported following

the Portale Cartografico Nazionale (PCN,

http://www.pcn.minambiente.it /PCN/), Map IGM

1:25,000. Each locality and/or collection site is

named in the original language (Italian).

Studied material, except from when indicated

in a different way, has been collected by the

owner of the collection where it is stored.

Examined material:
Abbreviations: Collection F. Liberto, Cefalù

(CL); Collection W. Renda, Amantea (CR);

Collection I. Sparacio, Palermo (CS).

Campania: Benevento, Monte Taburno, 800

m, 30.X.1993, one specimen (CS).

Calabria: Melia, nearby Grotte di Tremusa,

550 m, legit W. Renda, 24.XI.2007, one specimen

(genitalia in 75% Ethanol, CL), (shell, CR).
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Figure 1. Distribution map showing the location of past and
recent records of Testacella scutulum in Southern Italy and
Sicily; blank circle, past records (before 1950), black dot, recent
records (after 1950), circle with dot inside, past records
confirmed by recent data. Localities: Benevento, Monte
Taburno (1); island of Capri (2); Lagonegro, Mala Mogliera (3);
Scilla, Grotte di Tremusa (4); Isnello, Vallone Madonie (5);
Palermo, Ponte delle Grazie and Molara (6); island of Ustica (7).
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Figures 2-5. Shells of Testacella scutulum from Campania, Benevento, Monte Taburno,  h 7 mm, D 4.1 mm (Fig. 2), Calabria,
Scilla, Grotte di Tremusa, h 4.7 mm, D 2.8 mm (Fig. 3), Sicily, Isnello. Vallone Madonie, h 6 mm, D 3.5 mm (Fig. 4), Siciliy,
Palermo, Ponte delle Grazie, h 5.7 mm, D 3.4 mm (Fig. 5).



Sicilia: Palermo, by the Oreto river bank, at

Ponte delle Grazie, 77 m, 8-15.XI.1993, six

specimens (in 75% Ethanol, CS); same place

X/XI.1995, twelve shells (CS), three specimens

and two shells, legit I. Sparacio (CL). Palermo,

Molara, 140 m, 7.III.2011, one specimen, legit B.

Massa (CS). Isnello, Vallone Madonie, 1130 m,

1.XI.2009, one specimen (CL); same place

14.XI.2010, one specimen (CL).

RESULTS AND DISCUSSION

Based on results of the analysis of

reproductive apparatus, Testacella specimens

investigated in the present study were attributed

to T. scutulum. Such a species is characterized by

a cylindrical penis, without flagellum and

dilatations, with the retractor muscle originating

from the apex of the penis, side by side with the

point at wich the vas deferens ends (Colosi,

1919; Quick, 1960; Giusti, 1968, 1976; Giusti &

Mazzini, 1970; Giusti et al., 1995).

T. haliotidea differs from T. scutulum for the

presence of a long penial flagellum and a short

penial diverticulum situated level with where vas

deferens ends (Giusti et al., 1995; De Mattia,

2006); whereas T. gestroi is characterized by

both an appendix near the apex of the penis and

a bifid retractor muscle, one branch of which is

inserted on the penial apex and the other one on

the appendix (Wagner, 1915; Giusti, 1970).

Shells of specimens examined in the present

study were quite variable both in size and

morphological characters (Figs. 2-5).

The specimen from Monte Taburno

(Benevento) and those from Calabria and Sicily

show the same structure of genitalia as that

described for T. scutulum, with a more or less

evident constriction of the proximal end of the

penis, probably due to a contraction of the penis

itself, and a retractor muscle sometimes very wide

and more spanned on the penis apex (Giusti, 1970)

(Figs. 6-9). Among all investigated animals,

genitalia of the specimen from Monte Taburno

were the most developed, while those of Sicilian

samples were undersized with respect to the others.

From the ecological point of view, the specimen

from Monte Taburno was collected under a rock in

a natural environment comprising a meadow richly

interspersed with shrubs at the edge of a group of

oaks (Quercus pubescens Willd.); the specimen

from Calabria, found in the same place as that

reported by Paulucci (1878, 1879), was collected in

the day-time on a rock covered with a rich

vegetation. Testacella caught at Ponte delle Grazie

(Palermo) were found in activity on the fields, in

the night-time. They were observed either in natural

environments by the Oreto river banks with typical

riparian vegetation or in the neighboring citrus

plantations. T. scutulum (one specimen) picked up

in Palermo (locality Molara) was recovered under

the soil during ploughing time (B. Massa, in verbis)
within a field bordered by citrus plantations and

gardens. The two specimens from Isnello (Vallone

Madonie) were found in the day-time under large

stones not far from a stream. The environment was

characterized by reafforestation with alder-trees,

Alnus cordata (Loisel.) Desf., a native species from

southern Apennines in association with Ulmus,
Fraxinus, Salix and Populus (Schicchi, 1998).

From the biological point of view, Testacella
are molluscs particularly specialized in being

predators and carnivours. The buccal mass is

very developed and endowed with powerful

muscles and a radula with hooked teeth. The

shell, reduced in size, is located at the posterior

region of the body. The body, which at rest is

wider in the posterior region, during locomotion

appears worm-like (Fig. 10). Such a features

facilitate Testacella specimens in pursuiting,

capturing and swallowing preys in the subsoil

cracks. Several authors (Lacaze-Dutiers, 1887;

Webb, 1893; Barnes, 1950; Quick, 1960)

supplied information on biology of these

mollusks and, moreover, a very detailed analysis

of the anatomy and method of functioning of the

buccal mass of T. maugei Férussac, 1819, was

provided by Crampton (1975), with particular

attention to prey capture and feeding process.

The sequence of events during feeding seems to

include two major phases, the first of these is the

seizure of a worm and the drawing of the first

part of the body through the mouth; the second is

the ingestion of the remainder of the worm.

In the first phase Testacella protract the

odontophore far outside the mouth, so that the

radular teeth are erect. The worm is caught by the

hooked teeth on the leading edge of the

odontophore and contraction of the radular

retractor follows rapidly. The body of the worm

is pulled into the odontophoral concavity and,
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Figures 6-9. Genitalia of Testacella scutulum from Campania, Benevento, Monte Taburno (Fig. 6), P 28 mm, V 15.8 mm, CBC
5.4 mm, CBC+BC 8.3 mm; Calabria, Scilla, Grotte di Tremusa (Fig. 7), P 17 mm, V 9 mm, CBC 4.8 mm, CBC+BC 6 mm; Sicily,
Isnello, Vallone Madonie (Fig. 8), P 12.5 mm, V 8 mm, CBC 3.2 mm, CBC+BC 5.5 mm; Sicily, Palermo, Ponte delle Grazie (Fig.
9), P 12.4 mm, V 12 mm, CBC 2.9 mm, CBC+BC 3.8 mm. Abbreviations: GA, genital atrium; BC, bursa copulatrix; DBC, duct of
the bursa copulatrix; P, penis; PR, penial retractor muscle; V, vagina; VD, vas deferens.
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Figures 10-15. Living specimens. Testacella scutulum (Fig. 10). Sequence of events in the feeding process (Figs. 11-14). Phase
of regurgitation of the worm (Fig. 15).
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because the sides of the radula now collapse

inwards, the worm is gripped on three sides by

radular teeth. The buccal sphincter also contracts

so that the worm is held firmly within the buccal

vestibule and the buccal cavity.

The second phase is carried out without further

protraction of the odontophore outside the mouth.

Swallowing occurs by a combination of suction and

odontophoral movements. Contraction of the

buccal sphincter increases pressure within the

buccal cavity and, as the oesophagus is opened the

worm is partially sucked into this. Swallowing also

necessitates active participation by the radula to

release the prey. As the worm is held by the teeth, a

forward movement of these effectively releases it to

the oesophagus. Relaxation of the buccal sphincter

muscle occurs at this point and now the radula

underlies a more anterior portion of the worm and

is rapidly retracted by the radular retractor muscles,

drawing more of the worm in through the mouth.

Interactions between odontophore, buccal sphincter

and walls of the buccal cavity continue with a

ratchet-like mechanism until the whole worm has

been ingested. Usually, the worm is caught at one

or other extremity or, alternatively, laterally

(http://www.biodiversityjournal.com/video/

BJ_video1.avi). In the last case, since the worm is

ingested after having been folded, Testacella
remarkably widens its mouth (Figs. 11, 12). It has

also been observed that Testacella may swallow

only a portion of the worm and then cut, without

eating, the remaining part (Figs. 13-14). Generally

capturing and feeding may take up to one hour.

Ingested worm is digested by gastric juices (=digestive

fluids) without being broken into pieces; this

hypothesis is corroborated by the observation that in

case of regurgitation the worm only shows superficial

lacerations (Webb, 1893; present work, Fig. 15).

CONCLUSIONS

Records reported and discussed in the present

paper result from researches on the field carried

out for about twenty years in Sicily and Southern

Italy. Description and illustration of genitalia of

these population are gived herein for the first

time. These studies led us either to ascertain the

occurrence of T. scutulum including a few

localities never being reported up to now for this

species, i.e. Benevento (Monte Taburno) and

Isnello (Vallone Madonie), or to confirm the

persistence of the populations of Scilla (Grotte di

Tremusa) and Palermo (Ponte delle Grazie).

From the ecological point of view, collection

sites resulted quite variegated, being natural

(Monte Taburno, Grotte di Tremusa, Ponte delle

Grazie); semi-natural and partially anthropized

(surroundings of Ponte delle Grazie, Molara), or

still characterized by reafforestation within

highly natural environments (Vallone Madonie).

Because of their subterranean mode of life,

Testacella are really useful in biogeographic

studies (Giusti et al., 1995), and, for this reason,

either deeper analyses by molecular genetic

techniques in order to evaluate the real

taxonomic status of some T. scutulum
populations living in apparent isolation, or

additional field investigations to ascertain the

real distribution of the species are therefore

desirable. Examples of anthropic passive

transport of Testacella are, however, known for

several geographic areas; New Zealand (Barker,

1999), South Africa (Quick, 1960), Australia

(Smith & Kershaw, 1979; Smith, 1992), U.S.A.

(Hanna, 1966; Branson, 1976; Thomas et al.,

2010) hence, for some of the herein examined

populations, a possible allochthonous origin

cannot definitely be ruled out.
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