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ABSTRACT

KEY WORDS

Pleurobranchus testudinarius Cantraine, 1835 (Gastropoda Pleurobranchida) is one of the lar-
gest and most conspicuous species of marine heterobranchs. However, although this species is
a well-known at morphological level, little is known about its biology. Through continuous
observations (from 2017 and 2020) conducted during morning scuba dives in some areas lo-
cated along the central-eastern coast of Sicily, data relative to the egg masses of P, testudinarius
were collected. Moreover, through occasional night dives, several adults were encountered and
observed in their natural habitat. Through this study, it was noticed that: 1) P. testudinarius is
a nocturnal species; 2) it lays exclusively in summer; 3) this species might have an annual or
biennial life cycle; 4) it was documented that the polychaete Hermodice carunculata feeds on
the egg masses of this pleurobranch; 5) probably at the end of its cycle, this species is subjected
to attacks of predators.
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INTRODUCTION

Pleurobranchus testudinarius Cantraine, 1835
is one of the largest and most conspicuous species
of marine heterobranchs, which belongs to the
order Pleurobranchida (Gastropoda: Heterobran-
chia) (Trainito & Doneddu, 2014; Ergiiden et al.,
2019). This species is distributed in the Mediter-
ranean Sea, in the islands of Macaronesia (Canary
Islands, Selvagens Islands, Madeira and Azores)
and along the coasts of Brazil (Pruvot-Fol, 1954;
Marcus, 1970; Barash & Danin, 1971; Cattaneo-
Vietti, 1986; Yokes, 2002; Cervera et al., 2004;
Poursanidis, 2007; Poursanidis et al., 2009;
Trainito & Doneddu, 2014; Ergiliden et al., 2019;
Ballesteros et al., 2021). Pleurobranchus testudi-
narius presents a yellow-ochre or red-violet body

colouration with a darker dorsal surface of the
notum (Figs. 1, 2).

The body, with elliptic shape, has a swollen as-
pect with a dome shape. The notum is large and
covers the whole body. Its edges are often thin and
wavy. The anterior part of the notum shows an evi-
dent triangular-shaped recess. Along almost all the
notum there are several tubercles of different sizes.
The more dorsal ones are big and cone-shaped, ar-
ranged in a symmetrical way. These tubercles are
bordered at their base by violet, pink, lilac, or
purple polygonal rings. Along the sides and edges
of the notum there are smaller tubercles. Collec-
tively, the position, the aspect and the shape of tu-
bercles seems to a turtle carapace. Instead, the
inferior surface of the notum is smooth. The oral
veil is small and trapezoidal. Rhinophores are long,
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Figures 1-3. Pleurobranchus testudinarius specimens and their egg masses from the central-eastern coasts of Sicily. Fig. 1:
right latero-dorsal view of a yellow-orange specimen. Fig. 2: anterior view of a red-violet specimen. Fig. 3: an egg mass of

P. testudinarius (photos by A. Lombardo).

slightly swollen at the base and tube-shaped. The
foot is smaller than the notum. The large tuberculate
gill, on the right side of the body (hidden by the
notum), presents from 18 to 30 pinnules on each
side of the rachis. Pleurobranchus testudinarius can
reach 190-200 mm of length and 85-135 mm of
width (Vayssiere, 1898; Cattaneo-Vietti, 1986;
Trainito & Doneddu, 2014; Ballesteros et al., 2021).
The egg masses (Fig. 3) are white coloured, rib-
bon-shaped and with only one of the edges attached
to the substrate. These ribbons can present a length
of more than 10 cm and, overall, have a character-
istic rosette shape. Just before hatching, they ac-
quire a pinkish colouration (Bandel, 1976).
Pleurobranchus testudinarius would seem to
have nocturnal habits (Ballesteros et al., 2021). In
fact, this species has often been found in open en-
vironments only during the night, while during day-
time it stays hidden in crevices (Wirtz & Martins,
1993; Ergiiden et al., 2019; Ballesteros et al., 2021).
This pleurobranch was detected on several sub-
strates: Zostera Linnaeus in bottoms between 20
and 35 m of depth (Vayssiere, 1898), into submar-
ine caves (Ros & Gili, 1984), sandy to muddy bot-
toms (Cattaneo-Vietti, 1986; Yokes, 2002; Horst,

2008), muddy with Caulerpa racemosa (Forsskal)
J. Agardh (Mpardanis, 2007), rocky substrata
covered by algae (Poursanidis, 2007; Poursanidis et
al., 2009; Ergiiden et al., 2019), sand and Posidonia
Konig meadows (Poursanidis et al., 2009) and stony
place (Gokoglu et al., 2018). The stomach content
exam of some specimens studied by Cattaneo- Vietti
(1986) highlighted that P. testudinarius probably
feeds on colonial tunicates. Moreover, during that
study, he found in the stomach several specimens,
also some bivalves [in the specific Musculus sub-
pictus (Cantraine, 1835)] and algal fragments.

Although P. testudinarius is a well-known
species at morphological level (Vayssiere, 1898;
Cattaneo-Vietti, 1986; Martynov & Schrodl,
2009), little is known about its biology (Balleste-
ros et al., 2021). Consequently, the aim of this
study is to expand the knowledge on the biology
of this peculiar mollusc. In the specific, this re-
search will shed light on the laying period of this
species and will describe some observations con-
ducted from the authors throughout the years of
study along the central-eastern coast of Sicily,
where P. testudinarius is usually present (Lom-
bardo & Marletta, 2020).
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MATERIAL AND METHODS

The present research was carried out between
2017 and 2020 in different localities sited along the
central-eastern coast of Sicily (Figs. 4, 5). These
sites were selected according to different environ-
mental conditions, which characterise each of them.
The southernmost localities, “Ognina” (37°31°50.4”N
- 15°07°10.8”E) and “Bellatrix” (37°32°03.2”N -
15°07°35.2”E), are both situated within the munici-
pality of Catania. Both sites present a severe an-
thropic impact due to the huge presence of
apartment buildings and bathing establishments
along the entire coast. Furthermore, in their immedi-
ate vicinity, there are a touristic harbour and a waste-
water outfall. Given the great similarity of the
environmental conditions and the proximity (about
540 m) between these two sites, they were con-
sidered as a unique site called from now on “Cata-
nia”. The northernmost localities, “Scalo Pennisi”
(37°38°23.2”N - 15°11°04.6”E) and “Acque Fredde”
(37°38°15.7”N — 15°10°52.1”E), are both situated
within the hamlet of Santa Tecla, belonging to the
municipality of Acireale. Both sites present the most
natural environmental conditions among the exam-
ined localities of this study. Also in this case, due to
the environmental similarity and their proximity
(about 390 m), they were considered as a single site
named “Santa Tecla”. Instead, the site “Santa Maria
La Scala” (37°36°46.5” N -15°10° 31.4” E), located
within the homonymous hamlet of the municipality
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of Acireale, presents intermediate environmental
conditions between Catania and Santa Tecla.

Data were collected through scuba dives per-
formed twice a week (weather conditions permit-
ting) throughout the period of study (2017-2020).
In total, 311 scuba dives (119 in Catania, 92 in
Santa Tecla and 100 in Santa Maria La Scala), last-
ing at least one hour, were carried out between 9:00
and 11:30 a.m.. Each dive was conducted between
0 and 45 m of depth (according to the sea bottom),
following the same path for each site. All the speci-
mens of P. testudinarius encountered and their egg
masses were photographed with an Olympus TG-4
underwater camera. Subsequently, the examined
photos were used to obtain information on the
number of specimens and egg masses; and on the
type of substrate where they were found. In the sites
examined from 2017 to 2020 almost only the egg
masses were detected. Consequently, for Catania,
Santa Tecla and Santa Maria La Scala, some graphs,
showing the total number of egg masses found in
each month, were realized through Excel. Due to
the Covid-19 lockdown, it was not possible to carry
out dives in April 2020.

Together with the abovementioned sites exam-
ined between 2017 and 2020, it was considered
another site called “Padre Pio” (37°33°57.8” N -
15°9°58.8” E) that is located in the zone “B” (gen-
eral reserve zone) of the “Ciclopi Islands” MPA, in
the hamlet of Aci Trezza, within the municipality
of Acicastello. In this site, some night dives (con-

Santa Tecla
Santa Maria La Scala

Aci Trezza
Catania

Figures 4, 5. Location of the study area. Fig. 4: The arrow indicates the central-eastern coast of Sicily. Fig. 5: Examined
sites (the black dots depict the sites where morning dives were conducted from 2017 to 2020; the red dot shows the site

where only sporadic night dives were performed).
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Figure 6. Graphic representation of the total number of egg
masses per month found in Catania from 2017 to 2020.
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Figure 7. Graphic representation of the total number of egg
masses per month found in Santa Maria La Scala from 2017
to 2020.
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Figure 8. Graphic representation of the total number of egg
masses per month found in Santa Tecla from 2017 to 2020.

ducted after 9:00 p.m.) were carried out between
2017 and 2018. During these dives, several P. fes-
tudinarius specimens were encountered and photo-
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graphical and video data were collected and used to
obtain information on the behaviour and habits of
this species. However, these data were not used for
data elaboration.

RESULTS
Pleurobranchus testudinarius’s egg masses

In the site of Catania (Fig. 6) throughout the
period of study (2017-2020) a total of 23 egg
masses were observed. In 2017, for this site, the
highest number of egg masses (14) were laid. The
period of deposition started in July and ended in Au-
gust. The month in which a higher number of egg
masses was found was July, with a total of 12 find-
ings. Instead in August, only two egg masses were
found. In 2018 a total of two egg masses, one in June
and the other one in August, were documented. In
2019 no egg masses were found. In 2020 a total of
seven egg masses (four in July and three in August)
were detected. In Catania, P. testudinarius’s egg
masses were documented between 35.4 and 6.5 m
of depth both on photophilous stands in open en-
vironments, and on coralligenous bottoms and crev-
ices. In the specific, they were observed on rocky
substrates covered by algae of the genera Peysson-
nelia Decaisne, Lithophyllum Philippi, Dictyota J.
V. Lamouroux, on turf of filamentous red and brown
seaweeds and on Palmophyllum crassum (Naccari)
Rabenhorst. Moreover, they were seen on substrates
characterized by sand mixed with detritus. Catania
was the only site, among those of this study, in
which a red-violet specimen was found during the
day, in August 2017. This specimen was hidden
within in a crevice at 5 m of depth.

In the site of Santa Maria La Scala (Fig. 7), be-
tween 2017 and 2020, a total of 18 egg masses were
found. In 2017 more egg masses (11) were seen, all
in July. In 2018 only two egg masses were observed:
one in July and the other in August. In 2019, four egg
masses were documented as follows: three in August
and one in September. In 2020 only an egg mass was
found in August. In Santa Maria La Scala, the egg
masses were detected between 36.5 and 5.8 m of
depth, either in photophilous and sciaphilous en-
vironments, characterized by the presence of: Peys-
sonnelia spp., Lithophyllum spp. and on turf of
filamentous algae. Moreover, the egg masses were
found in ravines with the bryozoan Myriapora trun-
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cata (Pallas, 1766) and sponges, on sand and on bare
rock. In this site, throughout the morning dives, no
P, testudinarius specimens were found.

In Santa Tecla (Fig. 8), during the period of study,
a total of 27 egg masses were documented. In 2017,
five egg masses were observed: four in July and one
in August. Also in 2018, a total of five egg masses
was observed: two in May, two in July and one in
August. In 2019 more egg masses (13) were found:
nine in July, three in August and one in September.
In 2020, overall, four egg masses were detected:
three in June and one in July. The egg masses were
documented between 45 and 5.6 m of depth, on
sciaphilous rocky bottoms with: the algae Peysson-
nelia spp., Lithophyllum spp., P. crassum and the
sponge Crambe crambe (Schmidt, 1862). Moreover,
the egg masses were found on photophilous bottoms
dominated by turf of filamentous algae, bare rock
and gravel. Finally, they were observed on sand and
detritus. Moreover, in Santa Tecla it was observed
that the polychaete Hermodice carunculata (Pallas,
1766) feeds on P, testudinarius’s egg masses (Fig. 9).

Also in this site, during the morning dives, no
P, testudinarius specimens were seen.
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Pleurobranchus testudinarius’s specimens

In the site of Padre Pio, from 2017 to 2018, some
sporadic night dives were conducted in August.
Through these dives, it was possible to observe sev-
eral large P, testudinarius’s specimens in their habi-
tat. In this site, both the chromatic patterns (the
orange-yellow and red-violet type) were seen. In an
occasion, it was possible to document a specimen
during the deposition. This specimen, orange-yellow
coloured, presented numerous whitish scars and
wounds along a large part of the body (Fig. 10). The
great part of the notum that covered the tuberculate
gill was missing and, thus, it was possible to easily
observe the gill and the egg mass during deposition
(Fig. 11). The animal, probably scared by the pres-
ence of the authors and scuba lights, retracted the
rhinophores. These last presented the apical portions
marked by scars (Fig. 12). Another specimen, red-
violet coloured, presented part of the distal portion
of the left rhinophore that was missing (Fig. 13).

Generally, the encountered specimens did not
seem to fear the authors and hardly ever retracted
their rhinophores. These last were stretched very

Figures 9—13. Examples of predation on P, testudinarius s egg masses and scars and injuries on specimens. Fig. 9: two speci-
mens of Hermodice carunculata while feeding on the egg mass of P. testudinarius. Fig. 10: P. testudinarius specimen during
deposition, with scars and injuries along the surface of the body. Fig. 11: detail of the missing part of the notum, through
which it was possible to see the gill. Fig. 12: detail of the rhinophores and oral veil of the previous specimen. The scars on
the rhinophores and on the anterior part of the notum can be noted. Fig. 13: detail of an injury in the left rhinophore of a
red-violet specimen (photos by A. Lombardo).
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much and, thanks to rhythmical movements,
pumped water in their interior through the apical
openings.

DISCUSSION AND CONCLUSIONS

As already highlighted, P. testudinarius is a
species whose biology is not well known. Indeed,
the unique information on the lifestyle of this pleu-
robranch are referred to its nocturnal habit and feed
(Ballesteros et al., 2021). First of all, from the data
collected through this study, it can be confirmed
that P. testudinarius is a nocturnal species. In fact,
although 311 morning dives were carried out in all
months of the years between 2017 and 2020, in the
examined areas only a specimen was found in a
crevice during the daylight. Instead, in the occa-
sional night dives conducted in August in the site
of Padre Pio, several specimens were encountered
almost always.

Moreover, it can be noted that along the central-
eastern coast of Sicily P, testudinarius lays exclus-
ively during the summer. This strict and precise
deposition period together with the large size of this
species suggest that P. testudinarius is a “strat-
egist”/“K” species (Clark, 1975, Todd, 1981). Con-
sequently, this pleurobranch would belong to the
category of “annual” or “biennial” species reported
by Todd (1981). The “annual” species have a single
generation per year and generally feed on prey with
temporary stable cycles. Moreover, these species
tend to be of large sizes and particularly conspicu-
ous. Instead, the “biennial” species distinguish from
the previous one for the life cycle of almost two
years (Todd, 1981). However, there is no certainty
in which of these categories P. festudinarius is
placed. Indeed, it is equally plausible that this
species could have an annual or biennial life cycle.

It is noteworthy that this pleurobranch would
seem to have natural enemies. Indeed, it was noted
that some specimens, encountered in the site of
Padre Pio, presented injuries and wounds provoked
by a hypothetical predator. Rudman (2002) hypoth-
esised that the scars and the missing parts of the
body of P. testudinarius could be caused by the fact
that, at a certain life stage, this species would not
produce or succeed to refill the mantel glands of
acid defensive secretions. This would leave the ani-
mals without any defences against the attacks of
small fishes and crustaceans (Rudman, 2002). It is
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significant that the most damaged animal, among
those encountered during this study, was laying.
Therefore, if the hypothesis of Rudmann (2002)
would be correct, it is likely that the specimen in
deposition was at the end of its cycle.

Beyond the direct attacks, this heterobranch
would experience indirect attacks by other animals.
In fact, through the morning dives, it was docu-
mented that the polychaete H. carunculata feeds on
the egg masses of P. testudinarius. This polychaete,
encountered often with high numbers (particularly
during summer) in the examined areas, was con-
sidered by Righi et al. (2020) as a native invader.
This term identifies those species which become in-
vasive in their distribution range (Simberloft, 2011;
Carey et al., 2012).

Indeed, H. carunculata is a species which is tak-
ing over in the infralittoral areas of the Mediterra-
nean, due to the fact that it is a thermophilus species
with a generalist nutrition and strong attack and de-
fensive capacities against other animals (Righi et al.,
2020). The increase of 1.5 °C of shallow seawater
temperatures in the Mediterranean, observed from
1992 to 2018 (Pastor et al., 2018; Pisano et al., 2020),
and the shift of isotherms northwards are enhancing
the numerical and geographical explosion of this
species (Righi et al., 2020). Consequently, this might
represent a threat for several marine heterobranch
species, particularly for those that, as P, testudinarius,
show annual-biennial life cycles, whose periods of
reproduction and deposition are concentrated in a de-
terminate period of the year, when these species ca-
nalise all their energies to produce egg masses.
Indeed, in the areas of the central-eastern coast of
Sicily, the authors observed several times that H. ca-
runculata preyed the egg masses of some marine het-
erobranch species [e.g., Antiopella cristata (Delle
Chiaje, 1841); Cratena peregrina (Gmelin, 1791);
Flabellina affinis (Gmelin, 1791) and Platydoris
argo (Linnaeus, 1767)]. Therefore, the predatory ac-
tivity of H. carunculata on P. testudinarius’s egg
masses could greatly reduce, or even zeroing, the
production of new larvae of this species. This could
explain the difference in the number of egg masses
observed in each site throughout the years of study.
For example, the absence of egg masses detected in
Catania in 2019 could have been due to a high rate
of predation by H. carunculata.

In conclusion, through this study, it was indi-
rectly observed that P. testudinarius lays exclus-
ively in summer, and that this species might have
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an annual or biennial life cycle. At the same time,
comparing the indirect observations (during the
day) on a long period and the direct ones (during
the night) conducted sporadically, the nocturnal
habit of this species can be absolutely confirmed.
Moreover, through occasional direct observations,
it was seen that this pleurobranch is subjected, pro-
bably at the end of its cycle, to attacks of predators.
In addition, it was documented that the polychaete
H. carunculata feeds on the egg masses of P. tes-
tudinarius and, since this annelid is considered as a
native invader, it could represent a threat for the
maintenance of P, testudinarius populations, as well
as other marine annual-biennial heterobranch
species, in the waters where it proliferates.
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