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Abstract

The development of in situ observational tools has significantly contributed to the study of deep-sea cephalopods and explora-
tion of their habitat in the last decades. In this paper, we report in situ observations of rarely observed deep-sea Mediterranean
cephalopods (Chiroteuthis veranyi, Chtenopteryx sicula, and Octopoteuthis sicula). These cephalopods were encountered
during a scientific expedition, aimed at characterizing the biodiversity of a deep-sea area in the northern Ionian Sea. Images
and video were collected by a remotely operated vehicle (ROV) between 537 and 1248 m. Chromatic, postural, locomotor,
and bioluminescent behavioral components were reported for each species. This was the first time that O. sicula was filmed
in its habitat and all individuals showed hovering and an arm spread posture with the arm tips exposed, producing an inter-
mittent bioluminescence. Furthermore, our observations on six living specimens of C. sicula represent exceptional events,
since this species was only observed once in the eastern Mediterranean in 2012. Overall, five females and a mature male of
C. sicula were observed; the male had a large dorsal light organ. Finally, an individual of C. veranyi was observed consum-
ing a large lanternfish (Myctophidae). In the near future, in situ explorations in the Mediterranean should be implemented
to shed light on deep-sea cephalopods inhabiting this basin and fill information gaps on the biology, ecology, and behavior
of elusive species.
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Introduction dedicated research expeditions (Hoving et al. 2014). Moreo-

ver, most species are not of economic importance for human

The study of deep-sea cephalopods is often problematic due
to the difficulty of collecting samples and observing alive
animals in their environment as well as the high costs of
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consumption and are generally discarded by fishermen, and
consequently several aspects of their biology, distribution,
abundance, and ecology are poorly known (Peda et al.
2022). Numerous pelagic cephalopods are rarely caught by
professional fishing gear, and in most cases also avoid con-
ventional sampling equipment (Clarke 1977, 1996a; Roper
1977; Wormuth and Roper 1983) thanks to their fast swim-
ming and a developed sensorial system (Budelmann 1996).
These difficulties can lead to underestimation of cephalopod
abundance and biodiversity in certain marine habitats. In
this context, the recent development and improvement of
high-tech scientific tools (Kubodera and Mori 2005; 2007;
Widder 2013; Hoving et al. 2019; Robinson et al. 2017;
2021), such as the underwater vehicles (e.g., submersibles
and remotely operated vehicles), baited remote underwater
video stations and systems (BRUVs), and stationary, towed,
or passively drifting camera platforms, has recently stimu-
lated new studies of deep-sea organisms and exploration of
deep marine environment. Furthermore, sighting and filming
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deep-sea cephalopods in their habitat is not easy because of
their sensitivity to noise and vibrations, as well as to exces-
sive lighting used in underwater monitoring devices. Indeed,
some species can perceive low-frequency sounds and are
disturbed by bright light (Mooney et al. 2010; Hanlon et al.
2018; Robinson et al. 2021). For this reason, scientists have
often adapted different observation systems for approaching
these cephalopods, using particular video devices, selected
wavelengths, baited cameras or optical lures (Kubodera et al.
2007; Widder 2013; Hoving et al. 2019; Robinson et al.
2021). One of the most successful and intriguing experi-
ments was carried out by Widder and her collaborators using
a bioluminescence-mimicking optical lure (E-Jelly) mounted
on the “Medusa” camera system, which allowed them to
record a video of a live giant squid in Japanese waters (Wid-
der 2013).

During the last decades, studies based on in situ observa-
tions have improved knowledge on various aspects of the
biology and ecology of deep-sea cephalopods, with regards
mimicry (Burford et al. 2015), coupling, and reproduction
(Roper and Vecchione 1996; Hoving et al. 2012; Vecchione
2019), posture and locomotion (Vecchione et al. 2002; Bush
et al. 2009; Burford et al. 2015), feeding (Hoving and Robi-
son 2012; Choy et al. 2017; Osterhage et al. 2020; Golikov
et al. 2023), hunting strategies (Kubodera et al. 2007; Hov-
ing et al. 2013), bioluminescence (Bush et al. 2009; Bur-
ford et al. 2015; Burford and Robison 2020), social structure
(Burford and Robison 2020), and occurrence of parasitic
infections (Stenvers et al. 2022). Most of these studies were
conducted in the Atlantic and Pacific Oceans, partly due to
the efforts of institutions that have significant investment
in deep exploration (e.g., MBARI, NOAA, Smithsonian
Institution, National Science Museum of Tokyo). There is
a significant lack of data regarding the behavior and in situ
observations of Mediterranean deep-sea cephalopods. Most
Mediterranean studies are based on ROV surveys focused
on biodiversity patterns and abundance of fauna in deep-sea
habitats, occasionally reporting information on some cepha-
lopods (e.g., Mastrototaro et al. 2010). In total, 70 cephalo-
pod species have been reported in the Mediterranean basin,
belonging to the orders Bathyteuthida (2), Myopsida (5),
Octopoda (16), Oegopsida (26), Sepiida (4), and Sepiolida
(17) (Peda et al. 2022), including non-indigenous species
(Bello et al. 2020). Most of them inhabit deep-sea waters and
have key roles in the Mediterranean ecosystem, represent-
ing important food sources for several large marine preda-
tors (Bello 1991, 1996, 1999; Karakulak et al. 2009; Romeo
et al. 2012; Battaglia et al. 2013, 2022; Garibaldi and Potesta
2014; Peda et al. 2015; Foskolos et al. 2020). They are also
able to perform movements in the water column to prey on
micronekton, following the diel vertical migration and con-
tributing to the energy transfer from upper waters to the deep
sea (Roper and Young 1975; Boyle and Rodhouse 2005).
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For these reasons, the aim of this paper is to improve the
current knowledge on some Mediterranean deep-sea cepha-
lopods using the data, images, and videos collected by ROV
surveys in the central Mediterranean.

Materials and methods

Underwater observations were carried out aboard the Offshore
Support Vessel NG Worker (LOA =89 m; GT=3923 t) using
the remotely operated vehicle (ROV) Schilling HD—unit no.
29. The research cruise planned to explore and assess marine
biodiversity in areas devoted to the establishment of an off-
shore wind power plant. As part of this cruise, we investigated
a deep-sea area (size: 115 km?) in the northern Ionian Sea,
off the Calabrian coast, Italy (Fig. 1), between 25 July and 2
August, 2022. The deepest part of this area was characterized
by muddy bottoms interrupted rarely by slightly outcropped
rocks at depths ranging from 537 to 1248 m.

In total, 19 ROV transects were performed during both
night and daylight for a total length of 107.92 linear km
and 182:55 h of HD ROV footage, at an average speed of
0.26 km/h. The ROV was equipped with an IMENCO Spin-
ner I Shark—High End HD Zoom Camera (https://imenco.
no/product/spinner-ii-shark-high-end-hd-zoom-camera) and
an ultra-high-definition camera Z-CAM E2-F6 full frame 6 K
Cinema Camera, with an objective CANON EF 16-35 mm
/2.8L Il USM. The camera settings were controlled live from
the ship via a remote controller. All video and control signals
were transmitted using a fiber optic multiplexer. The ROV was
also equipped with two hydraulic manipulator arms (Titan 4
and Atlas) devoted to sample collection.

The ROV transects were preliminarily designed based on
the morphobathymetric layer created through a multibeam
echosounder (MBES) data acquisition survey (Fig. 1).

Overall, the ROV explorations allowed us to approach
one Chiroteuthis veranyi (Férussac 1835), six Chtenopteryx
sicula (Vérany 1851) and three Octopoteuthis sicula Riip-
pell 1844 (Table 1). An individual code was assigned to
each cephalopod. The observations were associated with
the following data: transect name, date, depth, geographical
coordinates, duration of observation. Moreover, chromatic,
postural, locomotor, and bioluminescent behavioral compo-
nents of body patterns of cephalopods were assessed and
described according to previous studies on Octopoteuthis
deletron (Bush et al. 2009) and Chiroteuthis calyx (Burford
et al. 2015).

Results

The investigation allowed us to film a predation event in C.
veranyi for the first time. A single individual of this species
was observed (Fig. 2) during the entire scientific cruise, at
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Fig. 1 Sampling location in the northern Ionian Sea (central Mediterranean)

Table 1 Individual code, transect name, date, depth, geographical coordinates, duration of observation for each rare cephalopods observed by a

remotely operated vehicle (ROV) in the northern Ionian Sea

Family/Species N. Specimen code Transec name  Date UTC Time Lat Long Depth m Duration of
Indi- observation
vidu-
als

Chiroteuthidae

Chiroteuthis veranyi 1 Chi-ver-1 CAT_RO15_T1 31 July 2022 10:52:04  38°45'19" 16°55"24" 843 00:36:09

Chtenopterygidae

Chtenopteryx sicula 1 Cht-sic-1 CAT_R0O04_T1 26 July 2022 13:38:34  38°42'45" 17°00'11" 1052 00:01:14
1 Cht-sic-2 CAT_RO09_T1 28 July 2022 12:56:45  38°42'03" 16°55'15" 1158 00:00:34
1 Cht-sic-3 CAT_RO09_T1 28 July 2022 13:00:46  38°42'03" 16°55'13" 1158 00:00:29
1 Cht-sic-4 CAT_RO09_T1 28 July 2022 13:03:39  38°42'04" 16°55'12" 1158 00:01:50
1 Cht-sic-5 CAT_RO12_T5 30 July 2022 06:50:46  38°43'52" 16°54'57" 1093 00:01:56
1 Cht-sic-6 CAT_RO11_T1 30 July 2022 13:50:44  38°43'04" 16°55'18" 1128 00:00:13
Octopoteuthidae
Octopoteuthis sicula 1 Oct-sic-1 CAT_RO13_T1 29 July 2022 18:35:24  38°43'43" 16°52'37" 1016 00:17:36
1 Oct-sic-2 CAT_RO18_T4 01 August 2022 21:54:09  38°48'40" 16°5528" 687 00:02:58
1 Oct-sic-3 CAT_RO17_T1 02 August 2022 11:13:47  38°46'39" 17°0124" 1139 00:06:54
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a depth of about 843 m. This squid had caught a lanternfish
(Myctophidae), probably a Lampanyctus crocodilus, which
had a relatively large size (the prey total length was larger
than the mantle length of the C. veranyi) (Fig. 2a,b). At the
time of the sighting, the C. veranyi was holding the lan-
ternfish in its arms (Fig. 2a), with the fish head facing the
cephalopod buccal opening, and swimming horizontal to
the seafloor with spread arms and tentacles fairly extended,
spread, and tilted 45°. During the observation, the squid
began to show signs of stress, probably due to the light of
the headlights and the presence of the ROV, to the point
of abandoning the prey on the bottom and trying to escape
(Fig. 2b). In this phase, the squid occasionally lost its orien-
tation, sometimes spinning and swimming into the seabed
(Fig. 2c). This behavior was characterized by a series of
rapid convulsions, followed by a new behavioral sequence
(jolt behavior). This change of behavior was observed for
several minutes; after that, the squid moved away defini-
tively. The chromatic pattern of C. veranyi was particularly
interesting (Fig. 2d,e.f). All arms were dark (brown-orange)
with the exception of the tips of the IV arms, which dis-
played a white color as well as the tentacles; however, the

Fig.2 Chiroteuthis veranyi
(Chi-ver-1) observed by ROV
during the research cruise. a
predation event on a lanterfish;
b C. veranyi abandons the prey
on the bottom and try to escape;
¢ the squid lose its orientation,
probably disturbed by ROV
lights; d, e, and f particulars of
the chromatic pattern and swim-
ming behavior of C. veranyi
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tips of the tentacles and their suckers appeared dark blue
in color. The dorsal midline of the head was characterized
by a dark eyebrow patch, with dark brown-red pigmenta-
tion concentrated between the eyes, followed by a pale band
between the eye dorsal margins and the mantle. The mantle
had the same color of the arms, but it became lighter toward
the tail, which was characterized by dark fin centers and pale
margins. The video analysis allowed us to observe in some
frames (when the individual spun) the presence of the typi-
cal photophores of the species, on the eyeballs, IV arms as
well as on the viscera.

Videos of the comb-finned squid C. sicula (Fig. 3)
were captured between 1093 and 1158 m depths. The first
encounter was preceded by an ink jet that was noticed during
the ROV transect; after about 20 s, a C. sicula (Cht-sic-1;
Fig. 3a) appeared and it was smimming above the bottom
by about 50 cm. The following shots of this species showed
individuals (Cht-sic-2; Cht-sic-3; Cht-sic-4; Cht-sic-5) in
a stationary swimming phase, i.e., hovering, raised above
the bottom about 50-100 cm (3b, ¢). In contrast, Cht-sic-6
(Fig. 3d, e, f) was lying on the bottom, and as soon as the
ROV approached, it lifted off the bottom with a snap, staying
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Fig. 3 Individuals of Chtenop-
teryx sicula observed during the
ROV survey. a Frame grab from
the HD video of the first indi-
vidual of C. sicula (Cht-sic-1)
detected during the research
cruise; b image of a male (Cht-
sic-4) having a large dorsal light
organ (white arrow); ¢ Cht-sic-5
swimming near a longnosed
skate, Dipturus oxyrinchus d,

e, f particulars of the chromatic
pattern and stationary behavior
(Cht-sic-6)

for more than a minute near the camera, and then running
away. Curiously, Cht-sic-5 appeared in the video while the
ROV was busy filming a longnosed skate Dipturus oxy-
rinchus (Fig. 3c). The Cht-sic-2, Cht-sic-3, and Cht-sic-4
specimens were observed in the same area, about 3 min apart
from each other. Two of these specimens were females (Cht-
sic-2 and Cht-sic-3), while Cht-sic-4 was a mature male, as
demonstrated by the presence of a large sex-specific dorsal
light organ (Fig. 3b). The individuals observed in the other
dives were all females. Moreover, in some frames it was also
possible to observe a large photophore on the ventral surface
of the eyeball.

The chromatic pattern of C. sicula was almost hyaline, so
that it was possible to observe the internal organs (Fig. 3).
The fin ribs as well as their membranes were brownish and
this color pattern was limited to the external margins of fins;
the same pattern was observed in the margins of the III arms
(Fig. 3d, e, ). The pigmentation in the dorsal midline of the
head between the eyes formed a dark blue eyebrow patch,
most concentrated around the eyes (Fig. 3d, e).

Octopoteuthis sicula was observed in deep waters
between 687 and 1139 m (Fig. 4). The first individual

(Oct-sic-1) was encountered as soon as the ROV reached
the seafloor, at the beginning of a transect. Oct-sic-1 was
in a “hovering” position (i.e., the individual was maintain-
ing its position in the water column, remaining motionless
and sometimes using the fins for stabilization), with the
dorsal mantle up, arms spread and fins mainly curved ven-
trally (Fig. 4a, b, ¢). The arms remained up and curled. The
observations lasted about 17 min, and during this time, a
Chauliodus sloani was also detected swimming behind
the squid. The color pattern of this individual was char-
acterized by a pale mantle and dark fins, with pale fin
edges. The arms were dark on their external side and pale
internally (Fig. 4a, b, c¢). In some frames of the video, it
was possible to observe the intermittent bioluminescence
produced in the light organs located on the arms’ tips.
However, the light production in these eight photophores
was not synchronized. During flashes, arm-tip chroma-
tophores were strongly contracted and this portion was
distinctly pale. Furthermore, the analysis of some video-
frames showed that Oct-sic-1 had pale structures on the
dorsal mantle, probably spermatangia implanted on the
skin (Fig. 4c).

@ Springer
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Fig.4 Specimens of Octopo-
teuthis sicula observed during
the ROV survey. a, b Oct-sic-1
in a “hovering” position; ¢ par-
ticulars of the color pattern of
Oct-sic-1; spermatangia on the
dorsal mantle can be observed
(white arrow); d Oct-sic-2 in

a “hovering” position; e dark
color pattern of Oct-sic-2; f
particular of the color pattern
of Oct-sic-3 having a dark body
with a pale edge of fins

The other two specimens of O. sicula (Oct-sic-2 and Oct-
sic-3) at the arrival of the ROV were displaying the same
behavior (hovering) of Oct-sic-1. However, after an initial
attempt to escape, Oct-sic-2 (Fig. 4d, e) approached the sea-
bed (a few cm from the bottom) and was filmed there for few
minutes. This individual had a darker color pattern, with pale
fin edges. In some frames, a pale arm crown band can barely
be observed in this squid. The last individual (Oct-sic-3)
remained for the entire time of observation near the camera
with arms spread and curled tips, maintaining the fins being
out. The color of this specimens was the darkest observed,
although as in the other individuals the edges of the fins were
pale (Fig. 4f).

The postural, chromatic, bioluminescent, and locomotor
components observed in the three species during this study
and described above are summarized in Table 2.

@ Springer

Discussion

This paper presents one of the first detailed in situ observa-
tions of Mediterranean deep-sea cephalopods through ROV
investigations. This is the first time that O. sicula has been
filmed in its habitat and an in situ predation event involving
C. veranyi was reported. Furthermore, to date, there is only
one rare ROV video of C. sicula captured in the eastern
Mediterranean during a research expedition aimed at explor-
ing Thessaloniki Mud Volcan; this comb-finned squid was
observed at about 1300 m of depth off the coast of southern
Turkey (Young and Vecchione 2016). Thus, our observations
of six specimens of C. sicula represent an exceptional event.

Several deep-sea cephalopods are cryptic or elusive, or
more simply live in poorly investigated waters. In some
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Table 2 Postural and locomotor behavioral components observed
in the specimens of Chiroteuthis veranyi, Chtenopteryx sicula, and
Octopoteuthis sicula

Chiro-
teuthis
veranyi

Component type Chtenop-
teryx

sicula

Octopo-
teuthis
sicula

Postural components
Tail up
Body horizontal 1
Tentacles partially extended

(O Y

Tentacles retracted
Tentacles spread and relaxed 1

—_
(98}

Arms spread 1
All arms together 5
Only pairs I-1IT arms together 1
All arm keels prominent 1

Only third and fourth pair arm 1
keels prominent

All arm tips curled 2

Only pairs I-1II arm tips curled 1

Only third pair arm tips curled 1

Tail expanded 1

Fins curved ventrally 1
Locomotor components

Tentacle extension 1

Tentacle spread 1

Writhing arms

Expose arm hooks 3

Fin undulation

Backward jetting

Backward swimming

Jolt

Rotating

S G U GG

Direction change
Hovering 4 3
Cloud ink release 1

The number of observed individuals performing each of the behavio-
ral components is reported

cases, these cephalopods display mesopelagic behaviors
and often escape to conventional sampling procedures,
leading to an underestimation of the consistence of their
populations (Clarke 1977). However, indirect informa-
tion on the occurrence of these species has been retrieved
by studies on trophic ecology of large predators (Romeo
et al. 2012) such as billfishes and tunas (e.g., Battaglia
et al. 2013, 2022; Rosas-Luis et al. 2016), sharks (Bello
1996; Smale and Cliff 1998; Rosas-Luis et al. 2016) or
cetaceans (Clarke 1996b; Peda et al. 2015; Foskolos et al.
2020), which can be defined as efficient cephalopod col-
lectors (Clarke 1986; Bello 1996; Peda et al. 2022). In
recent times, the use of highly technological devices such

as ROVs or submersibles has made an important contribu-
tion to deep-sea exploration and knowledge of uncommon
cephalopods (Vecchione and Roper 1991; Kubodera et al.
2007; Widder 2013; Hoving et al. 2019; Robinson et al.
2021; Jamieson and Vecchione 2022). The captured vid-
eos and images during these studies have shown peculiar
biological and ecological aspects of cephalopods, that can
only be detected and understood after meticulous analysis.
Frame-by-frame, survey-by-survey, researchers from dif-
ferent areas of the globe are putting together the various
pieces of a complicated puzzle that clarify still unknown
aspects of the lives of deep-sea cephalopods.

Our investigations revealed that C. veranyi is an active
predator, able to feed on relatively large prey. The observed
individual was trying to consume a lanternfish (Myctophi-
dae), probably a L. crocodilus. Data on the feeding ecology
of C. veranyi are still totally missing, and the few speci-
mens examined so far in Mediterranean waters all had empty
stomachs (Cuccu et al. 2009). Our observations support the
hypothesis that C. veranyi, like other deep-sea organisms,
generally feeds on large prey to maximize energy intake and
reduce metabolism costs in a food-poor environment. How-
ever, the specimen did not have enough time to consume the
lanternfish as it was disturbed by the ROV and abandoned
its prey on the seafloor. As also observed by other authors,
ROVs are large, noisy and bright, thus inducing defensive
responses and sometimes behavioral changes in deep-sea
animals (Lorance and Trenkel 2006; Bush et al. 2009; Bud-
ford et al. 2015). In this case, in some frames, ROV distur-
bance provoked a behavioral change in C. veranyi, consisting
of rapid convulsions, orientation loss, rotating movements
and directional changes, as also reported for other species,
such as Taningia danae (Kubodera et al. 2007), O. deletron
(Bush et al. 2009) and C. calyx (Budford et al. 2015). On the
contrary, C. sicula and O. sicula, seemed to be less affected
by the presence of the ROV, displaying jetting or cloud ink
release in few cases.

Although we observed only one individual of C. veranyi,
it was possible to note some resemblances to the congeneric
species C. calyx. Indeed, some behavioral and chromatic
components (Tables 2 and 3 of the present paper) were simi-
lar to those described by Budford et al. (2015), which used
in situ ROV footage to describe the first behavioral ethogram
for C. calyx.

The six records of the cryptic squid C. sicula provided
remarkable information on this species. To date, the biol-
ogy and ecology of C. sicula are almost unknown because
collection of fresh individuals of this species is a rare event.
In the Mediterranean basin, it was occasionally collected by
bottom trawl (e.g., D’Onghia et al.1998; Peda et al. 2022),
pelagic trawl (Orsi Relini and Garibaldi 2005; Krstulovié
Sifner et al. 2014), zooplankton collection (Naef 1923),
stranded biological material in the Strait of Messina (Naef
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Table3 Chromatic and bioluminescent behavioral components
observed in the specimens of Chiroteuthis veranyi, Chtenopteryx sic-
ula, and Octopoteuthis sicula

Component type Chiro- Chtenop-  Octo-
teuthis teryx poteu-
veranyi sicula this

sicula

Chromatic components

Pale 6

Dark 1 2

Dark eye circle 6

Dark eyebrow patches 1 6

Dark fin centers 1 1

Pale fin edge 1 1

Dark muscular bundles in fins 2

All arms dark 2

Dark arm keels

Lateral pigmentation on the III 2
arm

Only pairs I-1II arm tips dark 1

Bioluminescent components

Ocular photophores exposed 1 4

Visceral photophores exposed 1 1

Fourth arm photophores exposed 1

Arm-tip luminous organs 3
exposed

Arm-tip chromatophores con- 2
tracted

The number of observed individuals performing each of the behavio-
ral components is reported

1923; Sparta 1933; Torchio 1966) or found in the stomach
content of large predators (Joubin 1900; Foskolos et al.
2020). Interestingly, in the present study, images of three
specimens were captured in a very restricted area, indicat-
ing an unusual concentration of individuals of this species,
which may also be related to reproductive reasons, as both
females and a mature male were observed. Several authors
indicated that mature males of C. sicula develop a large,
dorsally directed photophore in the mantle cavity (Nesis
1987; Guerra 1992; Jereb and Roper 2010; Escénez et al.
2018). In our male individual, the dorsal luminous organ
was evident and highly reflected the light of ROV headlights
and include the first images of a C. sicula male in its natural
environment. Unfortunately, our videos did not provide any
indication of the presence/absence of a visceral photophore,
as these squids have never shown the ventral zone during
ROV observations. The question of whether or not C. sicula
possesses this visceral photophore has long been debated by
several authors (Naef 1923; Nesis 1987; Guerra 1992; Jereb
and Roper 2010; Escanez et al. 2018; Young et al. 2019)
and still remain unresolved, although Escanez et al. (2018)
suggested that “C. sicula should have a large photophore
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on the ventral surface of the eyeball and a visceral photo-
phore; however, sometimes these are not discernible as they
are in other descriptions”. This uncertainty stems from the
fact that the first descriptions of a Mediterranean C. sicula
were made on previously preserved (Veranyi 1851) or very
small individuals (Pfeffer 1912) as well as specimens in
poor conditions found in the stomach of a dolphin (Joubin
1900). Recently, Krstulovié Sifner et al. (2014), examining
two males and four females from the southern Adriatic Sea,
only observed a ventral photophore in females. Thus, the
ventral and the dorsal luminous organs in C. sicula may be
related to a sexual dimorphism (i.e., a ventral photophore in
females, a dorsal one in males). The dominant transparent
color pattern, the dark eye circle and eyebrow patches, and
the presence of a downward-directed photophore under each
eyeball of C. sicula suggests that this squid is well adapted
to the mesopelagic realm, where chromatic components and
counterillumination are crucial to hiding the body silhouette
in an environment with few hiding places (Herring 2002;
Zylinski and Johnsen 2011). Based on current knowledge
(Young 1978), squids of the genus Chtenopteryx have mes-
opelagic habits and make diel vertical migrations, station-
ing near the bottom during daylight hours and ascending to
upper waters at night. Our data seems to confirm this trend
because the sightings of C. sicula occurred near the seafloor
only during daylight (five individuals between 12:56 and
13:50 and one individual at 06:50), whereas no individuals
were observed on the bottom during the night. The same
color pattern of C. sicula spotted in the eastern Mediter-
ranean near the Thessaloniki Mud Volcan (Young and Vec-
chione 2016) can be found on Cth-sic-6, having brownish/
dark fin ribs, external margins of fins and margins of the III
arms. This behavior could be a reaction to the approach of
the ROV, as it was observed in both cases when the vehicle
was very close to the squid.

Regarding O. sicula, there is very little information in the
literature since sample collection has always been problem-
atic due to the elusive behavior of this species and the high
depth at which it lives. In addition, the gelatinous consist-
ency of its body means that the few known intact specimens
were mostly found stranded as well as collected by zooplank-
ton or hand nets in the Strait of Messina and Gulf of Naples
(Riippell 1844; Naef 1923; Sparta 1933; Torchio 1966; Vil-
lari and Ammendolia 2009), while those caught by trawl nets
(D’Onghia et al. 1995; Cuccu et al. 2013) were often dam-
aged (in particular on the arm tips). A recent comprehensive
revision of the systematic status of the genus Octopoteuthis
in the Mediterranean Sea confirmed the presence of a single
species in these waters, i.e., O. sicula (Jereb et al. 2016).
To date, O. sicula had not yet been filmed in its habitat,
while some videos and in vivo observations are available
on the congeneric species Octopoteuthis megaptera (Vec-
chione et al. 2002) and O. deletron (e.g., Bush et al. 2009;
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Bush 2012; Hoving et al. 2012). Interestingly, Hoving et al.
(2012), during a ROV survey in the Pacific Ocean, observed
implanted spermatangia on several parts of the body in O.
deletron males and females, concluding that the reproduc-
tive strategy of this species aims to “maximize success by
inducing males to indiscriminately and swiftly inseminate
every conspecific that they encounter”. Previously, Hoving
et al. (2008) had found spermatangia implanted in several
parts of the body in both females and males of O. sicula by
examining 39 individuals from South Africa and collected
by trawls or removed from the stomachs of sperm whales
and tunas. This is also confirmed by a capture of a female O.
sicula in Sardinianwaters (Mediterranean) showing the pres-
ence of spermatangia deeply implanted in the mantle tissue
(Cuccu et al. 2013). In the present study, similar structures
were observed in O. sicula, distributed on the dorsal mantle
of Oct-sic-1. It is plausible to think that the two species may
adopt similar reproductive strategies.

An extensive description of the postural, locomotor, chro-
matic and bioluminescent components in O. deletron was
provided by Bush et al. (2009), who examined videos of 76
individuals, discovering that this squid can exhibit a broad
range of behavioral patterns. Although our observations
are limited to three individuals of O. sicula, it was possible
to record 17 different components. All specimens showed
hovering and arm spread posture withhe tarm tips exposed,
producing an intermittent bioluminescence. A similar pos-
ture was also observed by Vecchione et al. (2002) in O. meg-
aptera. According to Bush et al. (2009), this behavior is
related to a hunting strategy aimed at attracting prey by bio-
luminescent lures, as also happens in other deep-sea cepha-
lopods (Robison 2004; Hoving et al. 2013). Light emission
may also be used for blinding or illuminating prey to assess
the target distance in a dark deep environment (Kubodera
et al. 2007). Another possible hypothesis concerns a defen-
sive tactic, consisting of the use of luminous signals to alert,
blind or confuse predators (Bush et al. 2009); in this case,
this tactic was used against the ROV, probably seen as a
potential predator. However, during our observations, the
individuals were neutrally buoyant in the water column in a
hovering posture and essentially motionless, causing us to
lean more toward the first hypothesis.

In the near future, we aim to continue exploring the Medi-
terranean basin to shed light on deep-sea cephalopods and
fill wide information gaps on the biology and ecology of
cryptic and elusive species.
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