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In the present study the reproductive biology of Tonna galea (Linnaeus, 1758) was studied for
the first time. In mid-September 2006 one individual was found laying a pale pink egg rosette of
39.5 cm length. Number of embryos, stages of development, shape and dimensions were studied
in relation to time and measured on microphotographs of randomly sampled capsules. Each oval
or spherical shaped capsule of 3.61 mm total length contained 101 developing embryos. The embryo diameter ranged from 297.5 Ìm of the unsegmented egg to 489 Ìm of the free veliger. At
21ÆC eclosion occurred 34 days after capsule deposition, at a free-swimming veliger stage. The
duration of each developmental stage, from one cell to veliger, is reported. Results are discussed
in relation to possible culture and use for ecological purposes.
Key words: Tonna galea, reproduction, encapsulated development.

and fertilization is usually internal. Many marine prosobranchs enclose their embryos during a part or the
whole period of development in structures such as
egg capsules (Fretter, 1984; Pechenik, 1986). In many
gastropod species where premature development occurs inside the egg capsule, the female deposits both
embryonic and nurse eggs in the capsules in order to
provide the embryos with food (Fretter, 1984; Pechenik, 1986). Benthic marine invertebrates present two
distinct patterns of development. In the first pattern,
development is direct with early juveniles hatching
from the egg capsules. In the second pattern, the young
hatch from the capsules as swimming veliger larvae
that drift in the open water, and undergo metamorphosis before becoming juveniles (Christiansen &
Fenchel, 1979). According to Natarajan (1957) and
Scheltema (1971), T. dolium, T. galea and T. maculosa follow the second pattern of development that includes the existence of the pelagic veliger larvae. The
development of T. galea embryos has never been described before and will be the case study.

INTRODUCTION
Tonna galea is one of the largest Mediterranean gastropods that inhabits sandy / muddy bottoms and seagrass beds, at depths from a few meters to 120 m (Katsanevakis et al., 2008). πt has a cosmopolitan distribution and it is widely distributed in Hellenic seas. It is
a protected species in the Mediterranean Sea according to Annex II of the Bern convention (Council
of Europe, 1979) and the Protocol of the Barcelona
convention (Annex II) (European Community, 1999);
however, it is still exploited (Katsanevakis et al., 2008).
Available information concerning its biology are given in Katsanevakis et al. (2008); nevertheless, the life
history of Tonna galea is little known since it has been
seldom studied and many important aspects of its biology still remain unknown.
Prosobranchs are generally gonochoristic species
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MATERIALS AND METHODS

RESULTS

One individual of Tonna galea was collected in August 2006 from Northern Crete, Greece, transferred
at Cretaquarium and maintained for 4 weeks in a 150
L aquarium. In early September it was transferred to
an exposition tank inhabited by 4 fish species (Dactylopterus volitans, Solea solea, Scorpaena scrofa and
Scyliorhinus canicula), another marine gastropod, Charonia variegata and another individual of T. galea. In
mid-September it was found laying an egg rosette on
the gravel bottom of the aquarium (Fig. 1). The rosette, along with the female brood, was transferred in a
black cylindrical tank of 500 L capacity and maintained under constant temperature and pH (21 ± 0.5ÆC
and 7.7±0.02, respectively), conditions similar to those of the exposition tank. Water renewal was approximately 30% h–1 and oxygen saturation always remained above 90%. The female moved away from
the rosette just after its deposition on the gravel in
the exposition tank and during the experimental period in the cylindrical tank it never approached it.
The egg rosette was photographed for further observation. Five randomly sampled capsules were collected every day during the first 5 days and every 3
days from day 8 to day 34. Then, they were opened
and eggs, embryos or larvae were counted under a stereoscope. About 10% of that was photographed alive
(stereoscope × 45) for further measurements and
comparisons. Stages of development, shape and dimensions of these individuals were studied and measured on microphotographs. Total Length (TL) was
measured for unshelled individuals (from uncleavaged
egg to trochophore) and Shell Length (SL) for shelled
ones (early and free swimming veliger) (Soledad-Romero et al., 2004; Kingsley-Smith et al., 2005).

The egg rosette of 39.5 cm length had a pale pink color and consisted of 3171 capsules embedded in a gelatinous layer. Each oval, or spherical shaped capsule
(Fig. 2) that measured 3.61 ± 0.23 mm (mean ± SD, n
= 20) contained 101.2 ± 4.9 developing embryos therefore the total number of embryos was ~320,905.
The uncleavaged eggs were spherical and pale pink
and measured 297.5 ± 4.9 Ìm TL. The eggs were arranged in a semilunar mass (Fig. 2), surrounded by a
white nutritive substance which the embryos utilized
during the development. At hatching the shell length
of the free veliger was 489 ± 10.7 Ìm. At 21 ± 0.5ÆC
eclosion took place 34 days after capsule deposition,
at a free swimming veliger stage.
All developmental stages from one celled embryo
to free veliger are illustrated in Figure 3A-F and their
relation to time is shown in Table 1. The ontogeny
proceeded slowly and the stage of the unsegmented
egg lasted up to 14 hrs (Fig. 3A). The formation of the
blastula was completed 5 days after deposition and
the blastula-gastrula stage lasted 6 days. Trochophore
larvae (Fig. 3D) started their circular motion inside
the egg-capsule on day 11. The transformation of trochophore larvae into veliger ones started 21 days after deposition and was completed 13 days later (day
34). The larvae hatched from the capsules as free
swimming veligers that enter the plankton to drift in
the open water. The pelagic veligers presented a semi-transparent dextral protoconch with brown pigmentation that lacked sculpture (Fig. 3E). A ciliated

FIG. 1. Tonna galea laying an egg rosette.

FIG. 2. Part of gelatinous egg rosette consisted in egg capsules containing developing embryos. Scale bar is equal to 1
mm.
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FIG. 3. Developmental stages of Tonna galea: A) 1-cell stage, B) 4-cells stage, C) Gastrula, D) Trochophore, E) Intracapsular veliger, F) Free veliger. e: Eye, f: Foot, o: Operculum, p: Proboscis, V: Velum. Scale bars are equal to 0.1 mm.

TABLE 1. Developmental stages and dimensions (TL, for unshelled stages and SL, for shelled stages) of Tonna galea in relation to time and behavior (h = hours, D = Days). Dimension values represent mean ± SD (n = 20)

Stage

Time after capsule
deposition

1 cell
2 cells
4 cells
Blastula-Gastrula
Trochophore
Early veliger
Hatching (free veliger)

14h
21h
26h
5D
11D
21D
34D

Duration
of Stage

Dimensions
(Ìm)

Behavior

14 h
7h
5h
6D
10 D
13 D

297.5 ± 3.1
316.2 ± 21.4
349 ± 21.4
353.2 ± 13.4
441.6 ± 14.7
442.1 ± 15.2
489 ± 10.7

No movement
No movement
No movement
No movement
Moving inside the capsule
Moving inside the capsule
Free swimming

four-lobed velum without pigmentation, the two black
eyes, the foot and a transparent operculum were easily visible (Fig. 3F). At this stage a relatively large
proboscis is seen, placed ventrally at the base of the
velum (Fig. 3F).

DISCUSSION
The Tonnidae or tun shells are large gastropods found
in tropical and warm temperate waters throughout
the world. Members of this family are restricted to

the continental shelf and occur mostly on sandy bottoms (Scheltema, 1971). Little is known regarding the
life history of most species. Thorson (1940, pages
192-193) has figured the egg mass and early larva of
Tonna maculosa, Knudsen (1950, pages 97-98, Fig. 8)
shows an egg mass that he attributed to T. costatum,
and Natarajan (1957) studied the egg masses and larval development of T. dolium. These flat gelatinous
masses (also cited in website http://www.george-shells.
com/live1/to_galea1sm_aug99.html), are similar to the egg
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rosette described in the present study. The “egg spaces” of T. costatum contain about 100 eggs while each
egg-mass may have from 350 to 660 thousand embryos, while egg capsules of T. dolium contain 29-32
eggs. The egg capsules described in the present work
contained similar number of developing embryos
(101.2±4.9) as T. costatum. The diameter of both the
eggs of T. costatum (Knudsen, 1950) and T. galea (present study) are similar, 300 Ìm and 297.5 ± 3.1 Ìm,
respectively, while the shell length of the veliger larvae of T. galea (489 ± 10.7 Ìm) is higher than that of
T. maculosa (380 Ìm) and T. dolium (217-234 Ìm).
The protoconch of T. galea veliger larvae described
in the present study differ from Scheltema (1971) who
illustrated an early intermediate stage larva of T. galea
with long, straight, fairly stout, spirally arranged periostracal spines. In the present study, the veliger of T.
galea was experimentally described from an egg mass
deposited by an identified wild female while Scheltema (1971) used fisheries originated samples, therefore either this was a misidentification or a description
of a later stage. The veligers were equipped with a ciliated four-lobed velum that lacked pigmentation,
while the eyes and the foot with the transparent operculum on it were visible. At this stage a relatively large
proboscis could be seen, a feature that is also described for T. dolium by Natarajan (1957). The velum,
foot and protoconch rise among the most conspicuous
gastropods larval organs which can be of outstanding
taxonomic value in prosobranchs (Soliman, 1991). The
larvae remained in the capsule for 34 days feeding on
yolk. After hatching, the velum of T. galea had not
been absorbed, leading to the conclusion that a pelagic planktonotrophic phase of unknown duration occurs. Scheltema (1971) estimated the duration of the
pelagic stage in ten gastropod species having teleplanic larvae, two of them were T. galea with 242 days and
T. maculosa with more than 198 days.
The most important ecological reason for breeding
endangered and/or protected species is the possibility
of restoration of the natural resources, wherever this
is deemed necessary, by reintroduction of the species
into the ecosystem. The knowledge of the reproductive behavior of a species and its unique habits is of
great importance, as controlling reproduction and
producing good quality offspring is the first and possibly most important step towards effectively rearing a
species. The present study enriched the knowledge of
the poorly known marine gastropod T. galea and paves
the way for future possible breeding of the species in
captivity for potential ecological restoration.
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