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Oral presentations
Session 1 – Behaviour
Monday, April 4, 2022
9.30

Oral 1.1.
Recognition through taste and ghosting old dates: tactile social recognition in
the blue-ringed octopus
Peter Morse ORCID iD1, Christine Huffard ORCID iD2
1

Australian Institute of Marine Science, Crawley, Australia. 2Monterey Bay Aquarium Research Institute,
Moss Landing, USA

Abstract
Social recognition is the capacity of individuals to use sensorial or contextual cues to distinguish among
conspecifics or in some cases their socially relevant category. The overall complexity and mechanisms
facilitating social recognition are hypothesised to evolve in direct correlation to the life history and social
structure of the species. Despite growing evidence for sophisticated brains and complex behavioural
repertoires, there remains surprisingly little known about social recognition among cephalopods.
Octopuses are unique within this class, both in that the majority of their sociality revolves around
reproduction, and that they possess advanced chemosensory ability through the ventral surfaces of their
eight arms. This study utilised 366 hours of focal animal observations to assess the likelihood of
Hapalochlaena maculosa to retreat after contacting different conspecifics based on their sex, familiarity and
mating history. Females in this study retreated from both sexes equally, but have previously been observed
to distinguish the sex of conspecifics from a distance. Contrastingly, male H. maculosa do not detect sex
from a distance, and in this study were more likely to retreat after physically contacting female
conspecifics. Most conspicuously, males were significantly more likely to retreat after contacting females
they had already mated with. These findings provide the first evidence for tactile sex discrimination and
mate recognition within cephalopods. In this mating system males have very limited spermatophore
production, and the use of tactile social recognition observed here highlights the importance of
reproduction, and specifically sperm allocation, on the evolution of sensory and cognition within this
lineage.
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9.45

Oral 1.2.
Divergent neural circuits for skin pattern change in cephalopods
Xitong Liang, Gilles Laurent
Max Planck Institute for Brain Research, Frankfurt, Germany

Abstract
Coleoid cephalopods (octopus, squid, and cuttlefish) have the ability to change their skin patterns in a
blink of an eye for camouflage or communication. How such complex behaviors arise and evolve is a
fascinating question. Their skin patterns are generated in great part by an extensive array of variable-sized
pigment cells called chromatophores. This chromatophore system is unique to cephalopods, but also
diverse among different cephalopod species. Using this system, the cuttlefish Sepia officinalis generates 2d
skin patterns that match certain statistics of its surrounding visual environment. Thousands to millions
of chromatophores are controlled in parallel and coordinated in an extremely flexible way to generate
countless patterns. A different cephalopod, the bobtail squid Euprymna berryi, camouflages by covering
itself with sand. Its chromatophores change size mostly synchronously, switching the entire animal
between transparency and dark pigmentation. To study the neural basis underlying these divergent
chromatophore dynamics, we compare the neuronal and network properties of chromatophore motor
control between these two species. By tracing their axons in descending nerves, we identified
chromatophore motoneurons in both species. Although those motoneurons show similar electrical
properties, the ratio of motoneurons to chromatophores is ~9-fold higher in Sepia than in Euprymna.
Electrical stimulation further suggested a somatotopic organization of motoneurons in Sepia, while such
maps were absent in Euprymna. These findings begin to uncover the principles of organization of neural
circuits generating a high-dimensional motor output, and may reveal how such neural circuits have
diverged adaptively during evolution.
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10.00

Oral 1.3.
Abnormal behavioral events associated with sleep and state transitions in

Octopus insularis
Eric A Ramos ORCID iD1, Mariam Steinblatt2, Rachel Dempsey2, Diana Reiss ORCID iD2, Jennifer
Mather ORCID iD3, Marcelo O Magnasco1
1

The Rockefeller University, New York, USA. 2Hunter College, New York, USA. 3University of
Lethbridge, Lethbridge, Canada

Abstract
Sleep is a fundamental biological process in animals. Identifying correlates between vertebrate and
invertebrate sleep facilitates the development of robust definitions for behavioral sleep needed to
understand how sleep evolved in distantly related organisms. Cephalopods are cognitively complex
animals that display alternating patterns of sleep states similar to rapid eye movement (REM) and nonREM sleep of vertebrates. Capturing abnormal sleep-associated events and other parasomnias in these
species can provide insights into the biology of their sleep. Here we report abnormal behavioral events
associated with transitions between activity states in a captive adult male Octopus insularis. Continuous
high-resolution video recording of the octopus day and night enabled characterization of the animal’s
normal wake-sleep cycles relative to abnormal events. During a span of several weeks, we observed 4 brief
events (duration range: 44–290 s) during which the octopus emerged from quiescence or sleep-like states
and began moving quickly and erratically. In all instances, he displayed convulsions of the arms and body
followed by antipredator and predatory behaviors including rapid jetting away, and in one extended event,
inking and constricting. While the significance of these behaviors remains unclear, the complex sequence
of behaviors exhibited during transitions between states suggests the octopus was experiencing some type
of parasomnia or possible dream enactment. These findings present novel insights into the convergent
evolution of sleep and possible associated parasomnias in cephalopods and vertebrates.
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10.15

Oral 1.4.
Squid adjust their body color according to substrate
Ryuta Nakajima1,2, Zdeněk Lajbner2, Michael J Kuba3, Tamar Gutnick2, Teresa L Iglesias2, Keishu Asada2,
Takahiro Nishibayashi2, Jonathan Miller2
1

University of Minnesota Duluth, Duluth, USA. 2Okinawa Institute of Science and Technology Graduate
University, Onna, Japan. 3Okinawa Institute of Science and Technology Graduate University, One, Japan

Abstract
Coleoid cephalopods camouflage on timescales of seconds to match their visual surroundings. To date,
studies of cephalopod camouflage-to-substrate have been focused primarily on benthic cuttlefish, because
they are readily found sitting on the substrate. In contrast to benthic cuttlefish, oval squid (Sepioteuthis
lessoniana species complex) are semi-pelagic animals that spend most of their time in the water column.
In this study, we demonstrate that in captivity, S. lessoniana Sp.2 (Shiro-ika, white squid) from the Okinawa
archipelago, Japan, adapts the coloration of their skin according to the background substrate. We show
that if the animal moves between substrates of different reflectivity, the body patterning is changed to
match. Chromatophore matching to substrate has not been reported in any loliginid cephalopod under
laboratory conditions. Adaptation of the chromatophore system to the bottom substrate in the laboratory
is a novel experimental finding that establishes oval squid as laboratory model animals for further research
on camouflage.
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11.00

Oral 1.5.
Odor guided search in Octopus rubescens
Willem L Weertman ORCID iD1,2, David Gire ORCID iD3,2, Venkatesh Gopal ORCID iD4, David
Scheel ORCID iD1
1
3

Alaska Pacific University, Anchorage, USA. 2Friday Harbor Laboratories, Friday Harbor, USA.
University of Washington, Seattle, USA. 4Elmhurst University, Elmhurst, USA

Abstract
Octopuses lack a clear vertebrate olfactory bulb analog and do not have glomeruli. Here we show, that
despite this lack, octopus can actively use odor plumes in the absence of visible light to find food. Octopus
rubescens (n=14) were tested within a 1.16 m x 1.85 m x 0.1 m open circuit flume illuminated with near
infrared lighting. A three-target discrimination feeding task showed use of odor in place of other search
modalities. We present video and kinematic data of octopus arm motion during single-target search to
support the hypothesis that the suckers of octopus are involved in active odor search. Post hoc visualization
of flow in the flume was done to display the flow structure in the flume. We present a novel open-source
software method based on DeepLabCut for automated tracking of octopus position, orientation, and
radial motion. Using the automated method, a high throughput paradigm for quantifying octopuses’
motion during the above behavioral tasks is presented and current limitations discussed. Our results
suggest that in contrast with organisms employing centralized olfactory pathways to localize distant odor
sources, octopuses likely use distributed chemosensory pathways tightly tied to their locomotion, taste,
and touch.
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11.15

Oral 1.6.
Collective behaviour and leader-follower dynamics during interspecific hunting
between octopus (Octopus cyanea) and multiple fish species.
Eduardo Sampaio1,2, Vivek Sridhar3, Fritz Francisco4, Ariana Strandburg-Peshkin2, Máté Nagy2, Paul
Nührenberg2, Iain Couzin2, Rui Rosa ORCID iD1, Simon Gingins2
1

MARE- Marine and Environmental Sciences Centre, Faculdade de Ciências, Universidade de Lisboa,
Portugal. 2Max Planck Institute of Animal Behavior, Konstanz, Germany. 3Max Planck Institute of
Animal Behavior, Konstanz, Portugal. 4Humboldt University, Berlin, Germany

Abstract
In collective behaviour, complex coordination and individual/group decision-making can emerge from
simple, localized rules of interaction, considering every individual as identical. However, in biological
systems, variation amongst individuals can alter the “weight” of specific individual’s decision within a
group, creating a dynamic network of attraction-repulsion forces driving individual and group movement.
Parallelly, sociality has the potential to drive brain evolution and cognition, but the role of individual
cognition on collective movement and group decision-making constitutes a largely unexplored field.
Using SCUBA, we recorded interspecific hunting events between Octopus cyanea and multiple partners
(i.e. various fish species), and obtained animals tracks over a 3D reconstructed habitats, which enables
multi-scale analyses gauging novel and key parameters in interspecific collectives, e.g. movement
synchrony between O. cyanea and fish partners; leader-follower dynamics; habitat, social, and individual
level factors influencing leadership; and presence/absence of social rules. From individuals to collective,
understanding the underpinnings of these interspecific interactions can potentially deepen our
knowledge on cephalopod cognition in a social context, mechanisms of intentional/unintentional
communication, and the influence of higher order traits (morphological, behavioural, and cognitive) on
collective movement and decision-making in naturally-occurring heterogenous groups.
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11.30

Oral 1.7.
Underwater 3D cinema helps demonstrate binocular stereopsis improves prey
targeting in cuttlefish (Sepia officinalis).
Trevor J Wardill ORCID iD1, Rachael C Feord ORCID iD2, Mary E Sumner ORCID iD1, Siddhant
Pusdekar ORCID iD1, Lata Kalra1, Paloma T Gonzalez-Bellido ORCID iD1
1

University of Minnesota, EEB Dept., St Paul, USA. 2University of Cambridge, PDN Dept., Cambridge,
United Kingdom

Abstract
To assess depth information, some animals utilize the disparity between left and right visual fields, in a
process called stereopsis. This strategy is commonplace in vertebrates, having evolved multiple times
independently. However, only one invertebrate species, the praying mantis, has been demonstrated to
possess stereoscopic vision. Here, we set out to test for stereopsis in cuttlefish (Sepia officinalis). In addition
to their notorious cognitive and camouflage abilities, cephalopods are visually driven hunters. The camera
type eyes of cephalopods exhibit remarkable convergence to those of vertebrates, both in their anatomical
features and vergence movements. However, neither squid nor octopuses appear to employ stereopsis to
resolve depth; squids use monocular retinal deformation and blur, and the limited visual overlap between
eyes in octopuses makes the use of stereopsis unlikely. Cuttlefish, however, can produce significant
binocular overlap through ocular vergence, though it remained unclear whether they employ stereopsis
for their predatory attack. Here we show that S. officinalis (1) use stereovision to resolve the distance to
prey, (2) use this information to shorten the time and distance covered prior to striking at a target, (3)
likely process visual motion differently to vertebrates, as they can extract stereopsis cues from anticorrelated stimuli, and (4) can switch eye movements from independent to conjugated. Thus stereopsis
has evolved independently in another non- vertebrate group, but with independently moving camera-type
eyes. As the cephalopod brain is considerably dissimilar to vertebrates, this finding opens a door for
investigating if cuttlefish have evolved alternate processing mechanisms for depth perception.
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11.45

Oral 1.8.
The neural basis of cuttlefish camouflage
Tessa Montague ORCID iD1,2, Isabelle Rieth1, Daniella Garcia-Rosales1, Mycah Simmons1, Connor
Gibbons1, Adriana Nemes1, Katherine Wang1, Richard Axel ORCID iD1,2
1

Columbia University, New York, USA. 2Howard Hughes Medical Institute, New York, USA

Abstract
To navigate the visual world, animals create an internal representation of the environment and extract
salient features, permitting the generation of appropriate behaviors. Cuttlefish present a unique system
for studying the internal representation of visual stimuli. Cuttlefish dynamically change their skin color
and texture to camouflage to their surroundings, creating a physical readout of what they see. The skin's
“pixels” (chromatophores) are controlled by motor neurons projecting from the brain. Thus, skin
camouflage is a visible representation of neural activity. We are using this system to understand how the
physical properties of the visual world are represented by patterns of neural activity in the brain, and how
this representation is transformed into an approximation of the physical world on the skin. Specifically,
we are generating transgenic cuttlefish that express genetically-encoded calcium indicators and lightactivated channels. By recording neural activity in transgenic cuttlefish as they they camouflage to a virtual
reality environment, we aim to understand how the visual world is internally represented in the brain
and then recreated on the skin.
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12.00

Oral 1.9.
Octopus sucker as the extra-ocular visual system
H. K. S. de Zoysa ORCID iD1,2, Al-Sayed Al-Soudy ORCID iD1, Gianluca Polese ORCID iD1, Valeria
Maselli ORCID iD1, Anna Di Cosmo ORCID iD1
1

Department of Biology, University of Naples Federico II, Naples, Italy. 2Department of Bioprocess
Technology, Faculty of Technology, Rajarata University of Sri Lanka, Mihintale, Sri Lanka

Abstract
Octopus is a well-studied intelligent animal having multiple highly evolved sensory organs. Octopuses
have an extensive peripheral nervous system interacting with a complex central nervous system. The
suckers on the octopus arms are a fascinating and evolutionarily unique sensory and manipulatory body
part. They contain an accurate and precise tactile and chemical sensory system. This facilitates the ability
to perform many tasks for sensing and exploring the environment. However, details of the function and
molecular characterization of many types of receptor cells are not yet clear. In our present work, we used
a multidisciplinary approach to show the complete characterization of Ov-GRK1 in several tissues of
Octopus vulgaris. The sequence, its phylogenetic relation, the differential expression pattern and
localization and the 3D structure suggested that the Ov-GRK1 is an extra-ocular photoreceptor type, that
allows diffused light-sensing capabilities in specific areas of the octopus arms. These results revealed that
octopus’s suckers have the molecular machinery to respond to light cues, adding a new sensory dimension
to their previously shown multimodal sensory capabilities. Additionally, these discoveries expanded our
knowledge and understanding of extra-ocular sensing in the octopus, suggesting a functional use. Future
experiments of molecular identification and characterization for other photoreceptor molecules in the
sucker will be conducted. Behavioral experiments need to be developed to test the hypothesis of the extraocular visual perception by the suckers on the arm.
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12.15

Oral 1.10.
How to hunt with 8 arms? Predation strategy and arm recruitment principles of
Octopus bimaculoides
Flavie Bidel ORCID iD, Trevor Wardill ORCID iD
University of Minnesota, St. Paul, USA

Abstract
Octopus limb hyper-redundancy complicates traditional motor control systems and poses the question of
how decision making and arm coordination is achieved. To investigate the principles of arm recruitment
and coordination, we challenged ten Octopus bimaculoides to attack two prey items, either crab or
shrimp. We used human visual classification to determine the two most reliably identifiable phases of the
Octopuses visual attack: the approach and the strike, and scored the arms used over six hundred prey
captures. We demonstrate that visually evoked prey capture utilizes predominantly arms on the same side
of the body as the eye viewing the prey, further confirming it as a predator that predominantly uses
monocular vision. We found that both approach and strike, significantly differed between prey. When
striking prey, the synchronous recruitment of several arms is preferred for crab while a sequential arm
recruitment with a characteristic swaying movement is preferred for shrimp. These motor programs, in
both cases, were highly stereotypic and involved mostly adjacent arms supporting a dimension reduction
approach to diminish the complexity required for motion control. These findings demonstrate that
octopuses adjust their predation strategy to prey type and use simple peripheral motor programs for
predatory strike to allow efficient coordination of their eight arms.
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12.30

Oral 1.11.
Octopus skin pattern components as a taxonomic character
Jennifer A Mather ORCID iD1, Tatiana S Leite2
1

University of Lethbridge, Lethbridge, Canada. 2Universidade Federale de Santa Catarina, Florianopolis,
Brazil

Abstract
Octopuses are commonly described as generating variable bottom-matching camouflage, but this is only
part of their skin pattern repertoire, from apparent movement by Passing Cloud to a spread-arms startle
Dymantic. The much-observed Octopus vulgaris complex has long been described as having a wider
repertoire, which also includes relatively stereotyped components such as Hood, Eyebar and Ventral
Arms. But the recent splitting off of the species into O. sinensis, O. tetricus and O. americanus, as well as
the slightly less closely related O. insularis, gives us an opportunity to contrast these species with the more
distant O. briareus and look into the relative similarities and relatedness. Eyebar and Hood are similar in
the closely related species, but absent in O. briareus (which shows an eye ring). Ventral arms in a defensive
posture are smooth reddish in the O. vulgaris complex, but a blotchy pattern in O. insularis. The same set
of four raised papillae around the eye is found in all the related species, but again is absent in O. briareus.
These finding suggest that skin appearance is generated by a complex motor output system, and some
components of it in live animals may be species-typical.
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Session 2 – Systematics, Biodiversity and Biogeography
Monday, April 4, 2022

14.00

Oral 2.1.
A phylogenomic approach to untangling the decapodiform tree of life
Annie R Lindgren1, Abigail Pratt2, Frank E Anderson2
1

Portland State University, Portland, USA. 2Southern Illinois University, Carbondale, USA

Abstract
Decapodiformes comprises a diverse and enigmatic group of squid, bobtail squid, cuttlefishes and their
relatives. Known to inhabit marine ecosystems from shallow coastal waters to low-oxygen mesopelagic
waters to polar waters, decapodiforms possess a breadth of adaptations unique among metazoans.
Phylogenetic relationships among the major decapodiform clades have resisted clarification for decades,
despite multiple analyses of morphological, molecular, and combined data sets. Recent phylogenetic
analyses including either complete mitochondrial genomes or transcriptomes have generated a suite of
hypothesis regarding relationships within Decapodiformes. One lineage of particular interest is Spirulida,
which contains a lone extant species, Spirula spirula. Also known as the Ram's Horn Squid, Spirula spirula is
the only living cephalopod with a chambered, spiral-shaped, internal calcareous phragmocone (shell), a
trait reminiscent of ancestral cephalopods. Here, we present a new phylogeny generated using
transcriptome and nuclear genome data for 30 decapodiform cephalopods, including new, high-quality
transcriptome data for several new taxa, including a specimen of Spirula spirula collected in the Gulf of
Mexico. Our analyses recover Sepiolida and Idiosepiida as sister to the rest of Decapodiformes and
Sepiolida as sister to a clade comprising Myopsida, Oegopsida and Sepiida. We also find support for
Spirulida as sister to Oegopsida, supporting the hypothesis that the ancestral decapodiform likely
exhibited a more demersal, nearshore lifestyle before moving into the oceanic realm.
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14.15

Oral 2.2.
Atlantic oceanic squids in the “grey speciation zone”: orders Oegopsida Orbigny,
1845 and Bathyteuthida Lindgren, 2010
Fernando Ángel Fernández-Álvarez ORCID iD1,2, Morag Taite ORCID iD3, Gustavo Sanchez ORCID
iD4, Roger Villanueva ORCID iD1, Louise Allcock ORCID iD2
1

Institut de Ciències del Mar (CSIC), Barcelona, Spain. 2Ryan Institute and School of Natural Sciences,
National University of Ireland Galway, Galway, Ireland. 3Institute of Biological, Environmental and Rural
Sciences, Aberystwyth University, Aberystwyth, United Kingdom. 4 Hiroshima University, Hiroshima,
Japan.

Abstract
Historically, marine oceanic open environments have been considered without barriers to dispersal, and
the subsequent speciation of lineages present in distant areas. As a consequence, many marine pelagic
invertebrates are considered as monotypic cosmopolitan taxa. However, this view has been consistently
challenged in the last decades by the discovery of many cryptic species complexes among pelagic marine
“cosmopolitan” invertebrates. Despite their vast ecological importance, oceanic squids of the orders
Oegopsida Orbigny, 1845 and Bathyteuthida Lindgren, 2010 are seldomly molecularly tested for cryptic
biodiversity covering wide areas. Here, we studied specimens belonging to 15 oceanic squid species
sampled during several Atlantic oceanic cruises by sequencing mitochondrial and nuclear markers
through Genome Skimming and Sanger sequencing. For assessing the presence of cryptic lineages, we
studied the uncorrected p-distances at the intra- and interclade level and performed molecular species
delimitation methods, such as the Poisson Tree Processes and the Generalized Mixed Yule Coalescent
approach. Some species showed evidence of cryptic biodiversity and displayed different levels of
divergence, likely representing different stages of divergence since each putative speciation phenomenon.
This indicates that oceanic squid biodiversity is underestimated and it is necessary to develop more
morphological and molecular studies to assess the diversity of these animals at a global scale.
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14.30

Oral 2.3.
Coevolution of the copulatory organs in Sepiolinae
Giambattista Bello ORCID iD1, Amanda L. Reid ORCID iD2
1

Independent researcher, Mola di Bari, Italy. 2Australian Museum Research Institute, Sydney, Australia

Abstract
All living Sepiolinae share peculiar copulatory organs: the bursa copulatrix in the female (in the left
ventral side of the mantle cavity at the anterior end of the gonoduct) and the hectocotylus in the male
(left dorsal arm). The parallel position of sepioline mating pairs is congruent with the anatomical position
of these two organs. The bursa copulatrix is a comparatively conservative organ. Two basic types are
recognised: the closed type in Indo-Pacific genera (Eumandya, Euprymna, Inioteuthis, Lusepiola) and the
open type in Atlantic-Mediterranean genera (Adinaefiola, Rondeletiola, Sepietta, Sepiola). Boletzkyola displays
an intermediate type of bursa. Subtle but consistent variations in bursa types have been observed. The
hectocotylus is, in contrast, much more structurally diverse. Despite its varied morphology, two basic types
may be distinguished: hectocotyli with a modified distalmost part (in Eumandya, Euprymna and Lusepiola)
and hectocotyli with a well-developed copulatory apparatus in the proximal part of the arm (Adinaefiola,
Boletzkyola, Inioteuthis, Rondeletiola, Sepietta and Sepiola). The copulatory apparatus of Inioteuthis is especially
large. The first hectocotylus type corresponds to the closed type bursa whereas the second type to the
open type bursa, with the exception of Inioteuthis. Morphological diversification among these copulatory
organs appears to have involved the organs of both sexes such that they correspond to each other in each
taxon. This is particularly evident in species with the open type bursa. Clearly, the bursa copulatrix and
the hectocotylus have coevolved, thus contributing to sexual segregation, intraspecific recognition, and
ensuing diversification of Sepiolinae into several subclades.
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14.45

Oral 2.4.
Unravelling the phylogenetic and ecological drivers of beak shape in
Mediterranean cephalopods
Antoni Sánchez-Márquez ORCID iD1, Fernando Ángel Fernández-Álvarez ORCID iD1,2, Antigoni
Kaliontzopoulou ORCID iD3, Marc Farré ORCID iD4, Morag Taite ORCID iD2,5, Oscar Escolar ORCID
iD1, Roger Villanueva ORCID iD1, Louise Allcock ORCID iD2, Joan Navarro ORCID iD1
1

Institut de Ciències del Mar (CSIC), Barcelona, Spain. 2Ryan Institute and School of Natural Sciences,
National University of Ireland Galway (NUI), Galway, Ireland. 3Universitat de Barcelona (UB),
Barcelona, Spain. 4Centre Oceanogràfic de Balears, Instituto Español de Oceanografía (IEO), Palma,
Spain. 5Institute of Biological, Environmental and Rural Sciences, Aberystwyth University, Aberystwyth,
United Kingdom

Abstract
Cephalopod beaks are important chitinous hard structures, used for preying upon and fragmenting prey.
Thus, it is expected that ecological pressures drive cephalopod beak shape. These structures, which are
used in species identification, may exhibit a certain association with phylogenetic relationships among
cephalopod species. Here, we investigated the relative importance of ecological pressures and phylogenetic
relatedness for determining beak shape of Mediterranean cephalopods. Phylogenetic analyses based on
complete mitogenomes and nuclear ribosomal genes allowed the evolutionary relationships among 19
selected cephalopods to be clarified. Geometric morphometric techniques were implemented to describe
beak shape variation across these cephalopods. Stable isotopic values of δ13C and δ15N were used as
proxies of their trophic niche. Phylogenetic signal was detected in the shape of both lower and upper
beaks. However, the lower beak exhibited higher interspecific variation in closely related species, which
may explain why lower beak morphology has been traditionally used as a taxonomic identification tool
in cephalopods. In addition, integration tests revealed an evolutionary covariation between the upper and
lower beak shape. However, the link between beak shape and trophic niche could not be established.
These results suggest that beak shape is more strongly associated with species phylogenetic relationships
than with ecological pressures related to feeding habits.
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15.00

Oral 2.5.
Cephalopod diversity and distribution of Macaronesia
Véronique Merten1, Till Bayer1, Thorsten B.H. Reusch1, Oscar Puebla2,3, Janina Fuss4, Julia Stefanschitz5,
Alexandra Lischka6, Helena Hauss5, Philipp Neitzel5, Uwe Piatkowski5, Stephanie Czudaj7, Bernd
Christiansen7, Anneke Denda7, Henk-Jan T. Hoving5
1

GEOMAR Helmholtz-Centre for Ocean Research Kiel, Marine Evolutionary Ecology, Kiel, Germany,
Kiel, Germany. 2Leibniz Centre for Tropical Marine Research, Ecology department, Bremen, Germany.
3
Institute for Chemistry and Biology of the Marine Environment, University of Oldenburg, Oldenburg,
Germany. 4Institute of Clinical Molecular Biology, Christian-Albrechts University Kiel, Kiel, Germany.
5
GEOMAR Helmholtz-Centre for Ocean Research Kiel, Marine Evolutionary Ecology, Kiel, Germany.
6
AUT Lab for Cephalopod Ecology & Systematics, School of Science, Auckland University of
Technology, Auckland, New Zealand. 7University of Hamburg, Institute for Marine Ecosystem and
Fishery Science, Hamburg, Germany

Abstract
Macaronesia describes a biogeographical unit incompassing the Azores, Madeira, Selvagens, Canary
Islands and Cabo Verde in the North Atlantic. However, coastal and benthic marine species composition
of Cabo Verde was shown to differ from other Macaronesian archipelagos, suggesting Cabo Verde to be
its own ecoregion. The present study tests if this distinction also applies to pelagic cephalopods.
Combining optical, physical and genetic sampling and including data from the literature, we established
a biodiversity baseline of cephalopods off Cabo Verde. We collected 746 specimens with nets (0-1000 m
depth) and observed 52 during video surveys with a towed camera (0-2500 m) and manned submersible
(0-375 m). We applied eDNA metabarcoding (50-2500 m) targeting the 18S rRNA gene and designed a
species-specific primer for Taningia danae. All three methods combined detected a total of 87 taxa
including 47 species. Each method alone contributed between 7 to 54% of taxa, indicating that several
approaches are needed to study cephalopod diversity. We detected six species and three genera for the
first time in Cabo Verdean waters. Including literature records, we identified 64 species occurring off
Cabo Verde, rendering it a cephalopod biodiversity hotspot. Our results support evidence that Cabo
Verde differs from other Macaronesian archipelagos in benthic cephalopods, but not in pelagic species.
Future efforts need to investigate additional pelagic organisms to completely understand the
biogeographical status of Cabo Verde. As a cephalopod biodiversity hotspot Cabo Verde could function
as a model region to investigate cephalopod biology and ecology in a rapidly changing Atlantic Ocean.
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Oral 2.6.
Cephalopods of the Canary Current Large Marine Ecosystem (north-west
African coast)
Amanda Luna ORCID iD1, Catalina Perales-Raya ORCID iD2, Francisco Rocha ORCID iD1, Ana
Ramos3
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Abstract
The Canary Current Large Marine Ecosystem (CCLME), which extends between Gibraltar and GuineaBissau, is included in one of the most productive upwelling systems in the world's oceans. Its cephalopod
fauna is characterised by high diversity and abundance, with species that are the target of some of the
most important fisheries in the Eastern Atlantic. Although most of these commercial species have been
well studied, information on non-commercial ones remains scarce at present.
The analysis of collections and quantitative and environmental data from ten bottom trawl surveys
conducted between 2004 and 2012 have made it possible to update the catalog (138 species and 40
families), as well as to obtain an overview of the biodiversity, composition, and distribution of
cephalopods in the northwest African region. The known latitudinal and bathymetric distribution of
some of the studied taxa have been extended, and the biogeographical affinities of the class, composed of
tropical, temperate, and boreal species, have been established. Cephalopod distribution in the area is
mainly Atlantic, with few widely distributed species and only a single endemic species. The continental
shelf is dominated by coastal species of Sepiidae, Sepiolidae, and Octopodidae, and the slope by oceanic
species (Cranchiidae, Histioteuthidae, and Ommastrephidae). Multivariate analyses differentiated three
biogeographic communities, northern and southern (temperate and tropical zones) of the CCLME, and
a third one, with strong faunal similarity, in the southern Sahara - Cap Blanc - northern Mauritania,
overlapping with the area of highest productivity where upwelling is intense and permanent throughout
the year.
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Oral 2.7.
Reviewing the Southern Ocean squids using beaks and nets with a special focus
on the diet of sperm whales
Yves Cherel ORCID iD
Centre d'Etudes Biologiques de Chizé (CEBC), UMR 7372 du CNRS-La Rochelle Université, 79360
Villiers-en-Bois, France

Abstract
Analysis of sclerotized beaks that accumulate in predators’ stomach is a fruitful tool to gather biological
information on oceanic cephalopods that are rarely caught by nets. A crucial step of any investigation is
beak determination that is challenging, requires experience, time, and a good reference collection. The
method allowed detailing trophic relationships of many fishes, seabirds and marine mammals. However,
previous studies often include misidentifications and out-of-date species names, thus highlighting the
need to revisit the species lists. Here I first reviewed the teuthofauna of the Southern Ocean by using a
combination of beaks and nets, with focuses on tracking beak names over the last decades and updating
squid names using recent improvements in beak identification and cephalopod taxonomy. The review
listed 42 Southern Ocean squids belonging to bathyteuthoids (n=1), myopsids (1) and oegopsids (40).
The Southern Ocean teuthofauna is marked a high level of endemism (50%), and it is dominated by
onychoteuthids (7 species), ommastrephids (6) and cranchiids (5). In a second step, I updated the unique
dietary information provided by the analysis of beaks collected from sperm whales that were caught
commercially in the Southern Ocean and its fringing subtropical waters. Within the subtropics, sperm
whales feed primarily on five histioteuthids, while in Antarctica they prey mainly upon three Southern
Ocean endemics, including the colossal squid. Few taxonomic changes occurred at the family level, but
changes at the species level are substantial and reveal the dietary importance of poorly known squids.
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Oral 2.8.
Cephalopod fauna of the Pacific Sector of the Southern Ocean: penguins as
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Bárbara Guimarães1, Rui Rosa ORCID iD5, José C. Xavier ORCID iD1,6
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Abstract
Cephalopods play an important role as prey to top predators in the food webs of the Southern Ocean
and its adjacent waters, but relatively little information is available regarding their biology and
distribution, as they are difficult to sample using conventional methods (e.g. fishing gears). Penguins are
top predators known to feed on cephalopods around their breeding colonies, and thus good biological
samplers at a local scale. Here, were used the eastern rockhopper penguin Eudyptes filholi, from Campbell
Island, and the Snares penguin Eudyptes robustus endemic to the Snares Islands, both sub-Antarctic islands
of New Zealand. The goals were to evaluate the cephalopod component of their diet and the habitat and
trophic levels of the cephalopods through stable isotope analysis. The results show eastern rockhopper
penguins feed on eight species, with Moroteuthopsis ingens, Martialia hyadesi and Octopus campbelli being
the most important species by frequency of occurrence, number and mass. Habitat (δ13C) and trophic
level (δ15N) information show all cephalopods occupy a similar habitat, with Martialia hyadesi having lower
δ15N values. Snares penguins feed on two squids (Nototodarus sloanii and Moroteuthopsis ingens) and one
octopod, Octopus campbelli. Squid occupy the same habitat and Octopus campbelli feed on higher trophic
level prey. Furthermore, our results suggest that there was no overlap between the foraging of penguins’
species and cephalopod fisheries. These results show that penguins can be a valuable tool for
understanding biogeographic patterns of cephalopod diversity at a local scale and relevant information
for the conservation of these seabirds.
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Oral 2.9.
Choosing between oceanic fronts and colder waters: habitat and trophic ecology
of Southern Ocean squids throughout their life cycle.
José P Queirós ORCID iD1,2, Ana Hilário3,4, David R Thompson5, Filipe R Ceia1, Graeme Elliott6, Kath
Walker6, Yves Cherel7, José C Xavier1,2
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Abstract
The Southern Ocean, influenced by the Antarctic Circumpolar Current, the strongest current in the
world, presents a unique extreme-cold environment. A total of 42 squid species are reported from this
ocean and, despite playing a major role in this ecosystem, linking the lower trophic levels to the top
predators, very little is known about the dynamics in the habitat and trophic ecology during their life
cycle. To investigate ontogenetic changes in habitat and trophic position of 10 Southern Ocean squid
species, we applied a stable isotope analysis of δ13C (foraging habitat) and δ15N (trophic position) in two
sections of squid’s lower beaks. These beaks were collected from the diet of Antipodean (Diomedea
antipodensis antipodensis) and Gibson’s (D. a. gibsoni) albatrosses breeding at Antipodes and Adams Island
(Pacific sector of the Southern Ocean). The two sections of squid’s lower beak represent distinct lifestages, juvenile (tip of the rostrum) and adult (wing). Higher δ13C values as juveniles (−20.8 ± 1.7 ‰)
than as adults (−21.6 ± 1.9 ‰) suggest that Southern Ocean squids tend to move southwards as they
grow, with oceanic fronts being an important habitat for these species. Our results might indicate that
adults may move southwards with climate change, possibly impacting top predators living on northern
islands and inducing potential changes in ecosystems dynamics. Overall, δ15N values revealed an increase
in trophic position from juvenile (6.7 ± 2.7 ‰) to adult (9.0 ± 2.5 ‰) in all species. Differences between
δ15N values of the 10 species suggest different feeding strategies between species and life-stages.
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Oral 2.10.
Climate change-related changes in cephalopod biodiversity on the North East
Atlantic Shelf
Daniel Oesterwind ORCID iD1, Christopher J. Barrett ORCID iD2, Anne F. Sell ORCID iD3, Ismael
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1

Thünen Institute of Baltic Sea Fisheries, Rostock, Germany. 2Centre for Environment, Fisheries and
Aquaculture Science (CEFAS), Lowestoft, United Kingdom. 3Thünen Institute of Sea Fisheries,
Bremerhaven, Germany. 4GEOMAR, Kiel, Germany. 5Technical University of Denmark, National
Institute of Aquatic Resources, Hirtshals, Denmark

Abstract
Anthropogenic driven global changes, through e.g. warming and fishing, have led and will lead to changes
in floral and faunal communities. For example, global warming impacts marine ecosystems and its
biodiversity. Cephalopods, with their highly adaptive life cycle, appear to have benefited from climate
change within the northern hemisphere. However, in most areas, cephalopod long-term data sets at
species level do not exist to support this statement and to analyse the response of cephalopods to
environmental changes. Our results demonstrate that historical studies, in combination with recent data
sets, can fill this gap, enabling a description of ecological changes over a long period of time. Our case
study focuses on the North Sea, a marginal sea to the North East Atlantic, which is one of the longest
and most intensely studied fishing areas worldwide. We illustrate substantial changes in the cephalopod
biodiversity of the North Sea, shifts in distribution ranges of various species and variations in different
aspects of life cycles (e.g. spawning time) at species level over the past 100 years. Some species, which
appear to have migrated into the North Sea only for spawning or foraging in the 19th century, occur year
around in the North Sea today. This applies for example to the loliginids Loligo forbesii and Alloteuthis
subulata. The ommastrephids Todaropsis eblanae and Illex coindetii, now constantly present as well, had been
described only as accidental migrants 100 years ago. Conversely, Octopus vulgaris seem to have disappeared
since the 1960s.
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Oral 2.11.
Visualizing Cephalopod Anatomy through Contrast Enhanced MicroCT: A
Comparative Investigation into Fixatives and Staining
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Abstract
Contrast enhanced micro-computed tomography (CEμCT) is a powerful methodology for nondestructive
investigation of the internal anatomy of biological samples. Where as traditional μCT relies upon the
inherent radiodensity of mineralized structures such as bone to generate an image, CEμCT instead utilizes
impregnation of tissue with radiodense elements such as iodine, tungsten and lead. This makes the
paradigm ideally suited for investigations of otherwise radio-invisible structures and organisms. While
there has been some work done in using these techniques in Cephalopoda, to date a thorough exploration
comparing different fixatives and stains in cephalopods has yet to be undertaken. To that end we have
developed a study utilizing 4 fixatives, 3 primary stain treatments, and 3 secondary staining treatments to
compare their utility for visualizing the anatomy of two cephalopod lineages: Octopus
bimaculoides; Pickford & McConnaughey, 1949 (Octopodidae) and Euprymna berryi; Sasaki, 1929
(Sepiolinae); using both single and dual energy scanning to enable multi-material deconstruction. Data
generated from the μCT scans can be measured directly from the tomograms or can be reconstructed as
digital 3D volumes using programs such as 3D Slicer (or commercial alternatives), enabling simplified
visualization of the 3D structure as compared traditional reconstruction from microtomed and sectioned
histological samples. Resolution is scanner and specimen dependent, with systems such as the SkyScann
1173 (Bruker, Belgium) capable of achieving resolutions ~ 10 μm/voxel for juveniles/hatchlings and ~
30μm/voxel for adult O. rubescens.
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Oral 2.12.
CephRef: A new home for the ‘Tree of Life’ cephalopod information
Kat S.R. Bolstad ORCID iD1, Claudio Aguayo ORCID iD2, James Smith2, Rodrigo Duarte Ferrari2,
Richard E Young3
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Abstract
The Tree of Life web project (ToLweb) is an online platform where information about the diversity and
evolutionary relationships of life on Earth was actively collated between 1995 and 2011 (mostly). Through
the efforts of several dedicated researchers, the Class Cephalopoda has been among the most thoroughly
documented groups on the site, and these pages remain a core reference for many diverse users seeking
current information about cephalopod biology, taxonomy, and biogeography. However, the increasing
difficulty of updating this information in the last few years, combined with periods of patchy access, have
raised concerns over the future of this resource. In consultation with Dick Young (one of the foremost
champions of the existing ToLweb cephalopod information repository), and the cephalopod research
community, a multidisciplinary team from the AUT Lab for Cephalopod Ecology & Systematics (ALCES)
are developing ‘CephRef’, a new online platform which we propose as the next online repository of the
extensive cephalopod information presently housed on ToLweb. CephRef also aims to update the user
interface, experience, and access through a modern/contemporary design and the use of a web-app
framework for enhanced access across web and mobile platforms. Here we present an overview of the
CephRef platform, demonstrate its current resources and invite the community to explore and
contribute.
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Keynote Speaker
Unique metabolic temperature- and oxygen-sensitivities impose a cold-water
energetic barrier for jumbo squid, Dosidicus gigas
Brad A. Seibel
College of Marine Science, University of South Florida

Abstract
The shift in marine species’ ranges to higher latitudes is often attributed to oxygen-limitation in warming
oceans. Ocean deoxygenation is further thought to constrain marine habitat for some, while favoring
hypoxia-tolerant species, such as the jumbo squid, Dosidicus gigas. However, unique metabolic
temperature sensitivities for this squid result from daily migration across depth-related gradients in
temperature and oxygen. Blood-oxygen binding is highly temperature sensitive resulting in temperatureinsensitivity of oxygen supply capacity. In vertical migrators, selection favors high metabolic activity for
predator-prey interactions in warm shallow water, and hypoxia tolerance and low metabolic rates in the
cold at depth where light limits visual predation. Hypoxia tolerance is further enhanced by metabolic
suppression in extreme oxygen minimum zones. The lack of selection for activity results in diminished
aerobic scope in the cold, well beyond thermodynamic influences and regardless of oxygen. These unique
selective pressures may explain the native distribution in D. gigas and recent range expansions following
warming events. Cold waters currently constitute an energetic barrier to latitudinal range expansion in
vertical migrators. Climate change may alleviate this barrier.
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Oral 3.1.
Cephalopods exhibit temperature-sensitive RNA editing that causes extensive
protein recoding in their nervous systems
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Abstract
Cephalopods are poikilothermic and thus encounter wide changes in body temperature. Their complex
nervous systems have many temperature-sensitive processes that all must align to function at a new
temperature. RNA editing is a potential acclimation pathway wherein adenosines in mRNAs can be
edited to change the codon and resulting amino acid in the protein product. Although protein recoding
is very rare in most animals, coleoid cephalopods recode up to 67% of their neural transcriptomes.
Therefore, we investigated the potential for temperature acclimation of neural function through
temperature-sensitive RNA editing. We kept cohorts of Octopus bimaculoides at 12 or 22°C for 8 hours up
to 6 weeks and collected mRNA from stellate ganglia. We found that 1) ~25% of the 77,000 known
editing sites are cold-induced, exhibiting higher proportions of edited mRNA transcripts at 12 than 22°C,
2) temperature-sensitive sites are not randomly distributed but rather are enriched amongst certain amino
acid recodings and in proteins associated with the cell membrane and calcium, 3) these changes start to
occur within hours and reach a new steady state within four days, and that 4) important neuronal proteins
such as synaptotagmin and kinesin have cold-induced editing sites that alter protein function.
Experiments in Doryteuthis pealeii confirm the trait is conserved in decapodiforms as well. Such rapid and
abundant temperature-sensitive RNA editing events are likely to allow coleoid cephalopods to tweak
neuronal function in response to temperature at an environmentally-relevant timescale.
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Oral 3.2.
Visual response properties and functional organization of the octopus optic lobe
Judit Pungor, Jeremea Songco, Cristopher Niell
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Abstract
Cephalopods have remarkable eyes that instruct a rich repertoire of visually guided behaviors, from
hunting prey and avoiding predation, to finding mates and communicating with conspecifics. Although
superficially similar, the camera-type eyes of cephalopods and vertebrates emerged independently,
resulting in one of the most stunning examples of convergent evolution. Despite the enticing complexity
and tremendous capability of this visual system, relatively little is known about visual coding and neural
computations in cephalopods, as there has been no direct measurement of the visual response properties
of neurons in the central visual system.
In this study, we aimed to identify the visual features extracted by the octopus visual system using calcium
imaging of the primary visual processing area of their central brain, the optic lobe. We were able to
visualize the activity of hundreds of cells across multiple layers of the optic lobe simultaneously. We
presented an array of visual stimuli and recorded the response dynamics of cell populations throughout
the lobe. We found that cells have spatially localized receptive fields, and many are selective for distinct
features of the stimuli, including luminance polarity (On/Off). Furthermore, we found a retinotopic
organization of response to stimuli across the optic lobe, and patchy organization for On/Off preference.
These data are the first measurements of neural coding and functional circuit organization in the central
visual system of cephalopods, and provide a foundation to begin studying how the octopus brain performs
the computations necessary to guide visual behavior.
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Oral 3.3.
Systematic evaluation of oxygen isotopes in cephalopod statoliths as thermal
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Abstract
Temperature histories are critical for understanding and predicting ecological functioning in the ocean.
Stable oxygen isotopes (δ18O) locked within calcified tissues are inexpensive tools for tracking
temperature, but have been little applied in the hard-to-monitor cephalopods. Here, we investigated the
efficacy of δ18O in statoliths (δ18Ostatoliths) for reconstructing experienced temperatures of wild cuttlefish,
octopus, and squid. Ocean-caught cephalopods alongside environmental histories were collected and then
δ18Ostatoliths were analysed using isotope-ratio mass spectrometry. To navigate potential species-bias of the
singular experimentally-derived statolith thermometry equation, a range of aragonite thermometry
equations were compared for reconstructing temperatures. General linear models identified
environmental and biological influences on differences between reconstructed and measured
temperatures, while Monte Carlo simulations investigated the effect of salinity variation in-depth.
Variation in temperature reconstructions were observed between cuttlefish, squid, and octopus, likely
due to differences in life-history characteristics. However, temperature offsets provided insight into
thermal ecology. Here, we demonstrate the potential of δ18Ostatoliths as thermal proxies, which will be a
powerful tool for effective long-term management and conservation of cephalopods in an increasingly
warming world.
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Cell type diversity in a developing octopus brain
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Abstract
Octopuses are mollusks that evolved intricate neural systems comparable with vertebrates in terms of cell
number, complexity and size. Exactly how an octopus increases its neural cell number so dramatically (e.g.
25 million neural cells in the vertical lobe) and whether an increase in cell type diversity enables higher
cognitive function and complex behavior is still unknown. At hatching, the brain possesses the main
lobes and connections of an adult brain, but it remains elusive precisely which cell types are present. To
profile the cell diversity of the developing octopus brain we applied 10x Genomics’ single-cell/nuclei
RNA sequencing technology. We were able to identify 43 robust cell types comprising mostly neural cells,
but also multiple glial subtypes and other non-neuronal populations such as endothelial cells and
fibroblasts. In situ expression analysis of marker genes allowed spatial mapping of clusters, including
vertical lobe cells. Investigation of cell type conservation indicated similar gene expression signatures
between glial cells of mice, fly and octopus. Lastly, we also analyzed the expression of newly expanded
gene families (e.g. protocadherins) and found that these are enriched in specific cell types.
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Morphological characterization of the developing brain in Octopus vulgaris
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Abstract
Octopus vulgaris is an exceptionally intelligent cephalopod species with a complex nervous system and an
extensive behavioural repertoire. Prior comparative studies on the embryonic development of the brain
in coleoid cephalopods have suggested that brain development is highly conserved amongst them. In the
early organogenesis, octopus brain development is initiated by the formation of optic, cerebral, visceral
and pedal placodes. These placodes are internalized, which leads to the formation of cord-like anlagen of
the brain. Growth of these cords is driven by extensive neurogenesis in the lateral lips, a neurogenic area
surrounding the eye. Towards the end of embryogenesis, the brain consists of multiple paired lobes, of
which the optical, cerebral, palliovisceral and pedal lobes are the most prominent ones. The cerebral lobes
lead to the formation of supraesophageal mass, and pedal and palliovisceral lobes form the subesophageal
mass since the masses surround the esophagus. Both masses are connected to the laterally positioned
optic lobes via the optic tract. While the adult anatomy of O. vulgaris brain has been substantially
described, the morphological, cellular and molecular features of its embryonic brain development are less
well-known. Therefore, we characterized the developing octopus brain morphologically in 2D using
conventional histological and immunohistochemistry stainings, and in 3D by multiplexed in situ
hybridization chain reaction for specific neuronal and glial markers. Furthermore, we evaluated the role
of specific growth factor signalling pathways on octopus brain formation.
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Out of the tide pools: physiological responses of the common octopus (Octopus
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Abstract
Octopuses have been documented to occasionally leave water and “walk” on land between tide pools.
This potential foraging strategy is not rare but is poorly understood at both ecological and physiological
levels. The aim of this study was to investigate, under controlled conditions, the physiological
(metabolic and antioxidative stress) responses of the common octopus, Octopus vulgaris, to air exposure
(emersion). After the confirmation of such behaviour in local tidepool areas (with surveys to fishermen),
our laboratorial trials showed that air exposure followed by re-emersion caused a peak in oxygen
consumption rate (OCR) (potentially associated to an oxygen debt). Yet, the specimens only required a
very short period of time (less than 3.50 hours) to display OCR values comparable to those observed
under the control treatment (i.e., permanent immersion). Significant differences were found in the lipid
peroxidation, heat shock protein, ubiquitin, catalase and glutathione s-transferase activity levels among
different tissues (gills, digestive gland and mantle) and emersion treatments. Our findings showed that
O. vulgaris was able to tolerate exposure to short-term emersion periods without significant changes in
energy expenditure rates, associated with an efficient antioxidant stress-related machinery. Such results
not only complement knowledge on the fundamental biology of O. vulgaris, but also give novels insight
into the species’ ability to “walk” on land.
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Creation of an albino cephalopod by knocking out two pigmentation genes
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Abstract
Cephalopods are remarkable among invertebrates for their cognitive abilities, adaptive camouflage,
divergent body plans and ability to recode protein sequences through RNA editing. What are the
molecular mechanisms that underlie these novelties? A lack of genetically tractable cephalopod models
has limited our ability to answer these questions. New tools, such as CRISPR-Cas9, are enabling genome
modifications in a growing set of organisms. Euprymna berryi is an emerging squid model that produces
large numbers of embryos that can be manipulated at early cell stages, can easily be reared throughout its
life cycle and its genome is currently being assembled. Using CRISPR-Cas9, we targeted the gene encoding
Tryptophan 2,3 dioxygenase (TDO), an enzyme required for the formation of ommochromes, the
pigments in the eyes and chromatophores of cephalopods. CRISPR-Cas9 RNPs targeting TDO were
injected into early-stage embryos, which were cultured to adulthood. While gene disruption was efficient
in G0 animals, and a homozygote knockout line for TDO was created, knockout specimens were fully
pigmented, indicating another gene could complement TDO’s function. Indolemine 2,3 dioxygenase
(IDO), an enzyme implicated in ommochrome biosynthesis in some organisms, was found in the E.
berryi genome. By targeting TDO and IDO together, we produced double knockout squid, resulting in an
albino phenotype. These results demonstrate gene knockouts can be made via CRISPR-cas9 in E. berryi
and can be transmitted through the germline to generate defined genetic lines. This research is supported
by the Marine Biological Laboratory’s Cephalopod Program, NSF1827509, NSF 1723141, NSFBSF2110074 and BSF2013094.
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11.15

Oral 3.8.
Characterisation of Cys-Loop ligand-gated ion channels in octopus vulgaris
reveals a cationic dopamine-gated ion channel.
Amy Courtney ORCID iD1, Ruth Styfhals2, Iris Hardege1, Milena Marinkovic3, Gáspár Jékely3, Eve
Seuntjens2, William Schafer1,2
1

MRC Laboratory of Molecular Biology, Cambridge, United Kingdom. 2KU Leuven, Leuven, Belgium.
3
University of Exeter, Exeter, United Kingdom

Abstract
Cys-loop ligand-gated ion channels (LGCs) are essential for fast neurotransmission. Vertebrate LGCs
include excitatory ACh/5HT3 receptors and inhibitory GABA/glycine receptors. However, invertebrate
LGCs have diversified significantly, with channels activated by novel ligands such as tyramine, histamine
and choline as well as channels with "inverted" ion selectivity (excitatory GABA and inhibitory ACh
channels). However, our understanding of invertebrate LGC function has been restricted to the major
model organisms, and the true functional diversity of these receptors is not understood. We addressed
this gap by exploring the function of LGCs from a previously neglected invertebrate, Octopus vulgaris.
Octopuses also offer a unique opportunity to study independent origins of large brains and complex
behaviours.
We performed deorphanization experiments using Xenopus oocytes and identified five novel channels:
three proton-gated channels, an inhibitory ACh-gated channel, and an excitatory dopamine-gated
channel. Our phylogenetic analysis revealed that this channel is also present in other molluscs,
nematodes, annelids and crustaceans and is a sister clade to the vertebrate α9/10 ACh-gated channels.
Using single cell RNA sequencing and in situ hybridisation we have established that this channel is
expressed in the optic lobe of paralarval octopuses, which signifies that it may play a role in processing
visual information. Using a fluorescent calcium indicator, we will explore the role of this channel in brain
slices perfused with agonists and antagonists that are known to activate and inhibit the channel. Exploring
the role of this channel in octopuses is an exciting opportunity to understand a novel form of fast
neurotransmission.
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11.30

Oral 3.9.
Turning performance and wake dynamics of inshore squids
Ian K. Bartol ORCID iD1, Alissa M. Ganley1, Amanda N. Tumminelli1, Soraya M. Bartol2, Paul S.
Krueger ORCID iD3
1
3

Old Dominion University, Norfolk, USA. 2Virginia Wesleyan University, Virginia Beach, USA.
Southern Methodist University, Dallas, USA

Abstract
Squids maneuver to capture prey, elude predators, navigate complex habitats, and even deny rivals access
to mates. Despite the ecological importance of this essential locomotive function, limited quantitative
data on turning performance and wake dynamics of squids are available. To better understand turning
capabilities and the role of propulsors/control surfaces during maneuvers, kinematic and 3D velocimetry
data were collected from three inshore squids: brief squid Lolliguncula brevis, longfin squid Doryteuthis
pealeii, and shortfin squid Illex illecebrosus. A wide diversity of turns was recorded, ranging from broad
banking turns with fin-induced streams of concentrated vorticity to tight turns with jet and fin-generated
vortex rings to rapid turns with jet-dominated elongated wake flows. The pulsed jet was the primary driver
of most turns in all three species, but the fins and keeled arms also affected turning behavior by
contributing to the angular impulse of the turn, stabilizing the maneuver, or reducing rotational
resistance. Swimming orientation (i.e., arms-first vs tail-first) played an important role in wake properties
and overall turning performance, particularly in L. brevis. Of the three species considered, L. brevis had
the highest angular velocity (a measure of agility), lowest minimum length-specific turning radius (a
measure of maneuverability), and the most well-defined vortex ring structures. During some turning
sequences, I. illecebrosus exhibited unexpectedly high mantle curvature – a behavior not observed in the
other squids. The results indicate that turning in all three squids involves a complex interplay of multiple
systems, with the jet, fins, and arms each contributing unique elements.
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Oral 3.10.
How hard is the life of Octopus maya embryos?
Carlos Rosas ORCID iD1, Clara E. Galindo-Sánchez2, Gabiela Rodríguez-Fuentes3, Sadot Ramos4,
Karen Ortega5, Fernando Diaz6, Claudia Caamal-Monsreal1
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Ensenada, Mexico. 3Faculty of Chemistry-Sisal, sisal Yucatán, Mexico. 4CICESE, Sisal Yucatán, Mexico.
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Abstract
In this study, we are showing the physiological changes during the embryo development of O. maya.
Changes in the aerobic scope, the routine metabolism, the gene expression and the activity of some
enzymes of the antioxidant defence mechanisms (ADM) and the oxidant damage (OD) provoked by the
embryo metabolism were measured. At the same time, we obtained data on ADM in the O. maya females,
both ovarium and in the non-spawned eggs, to evaluate if there is a relationship between the level of OD
observed in the embryos with the activity and OD accumulated during the synthesis of the eggs. Results
obtained showed both in the ovarium and in non-spawned eggs, there are molecules identified as OD.
Carboniled proteins and lipid peroxidation were observed in high concentrations in ovarium, in nonspawned eggs and in spawned eggs indicating that embryos should neutralize both the DO placed by
females and that produced during its development due to its own metabolism. Metabolic rate results
indicate that neutralizing process starts after stage X when metabolism is intense, and the ADM enzymes
are activated. The genomic study showed that embryos have two types of superoxide dismutase (SOD 1
and 2), acting during organogenesis and the growth phase of the embryo, supporting the OD neutralizing
process. These results are discussed in the light of the octopus embryo adaptation and the possible effects
that environmental changes could provoke in the capability of the animals to neutralizing OD during this
phase of their life cycle.
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12.00

Oral 3.11.
Characterization of steroid hormones underlying octopus maternal behaviors
and death
Z Yan Wang ORCID iD1,2, Melissa Pergande3, Clifton W Ragsdale4, Stephanie M Cologna3
1

Princeton University, Princeton, USA. 2University of Washington, Seattle, USA. 3University of Illinois
Chicago, Chicago, USA. 4University of Chicago, Chicago, USA

Abstract
In terminally spawning octopuses, such as the California two-spot octopus (Octopus bimaculoides),
reproduction initiates a sequence of behavioral changes that lead to death. After mating, females brood
their clutch of eggs, abstain from feeding, undergo rapid physiological decline, and die. The events of the
entire post-mating period, including maternal care and death, are reversibly controlled by the optic glands,
the neuroendocrine center of the octopus. However, the optic gland signaling factors that underly matinginduced death are unknown. Here, we identify the major secretions and steroidogenic pathways of the
female O. bimaculoides optic gland using newly available transcriptomic data and mass spectrometry
techniques. We find that mating alters the synthesis of canonical sex steroids, bile acid intermediates, and
other cholesterol metabolites that were previously not known to be involved in semelparity. Our findings
reveal a unity in function of key steroids in the control of life transitions across animals, and implicate
steroid signals as crucial signaling factors in the process of octopus maternal death.
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14.00

Oral 4.1.
Climate change impacts on cephalopods: a meta-analysis
Francisco O. Borges ORCID iD, Eduardo Sampaio ORCID iD, Catarina P. Santos, Rui Rosa ORCID
iD
MARE- Marine and Environmental Sciences Centre, Faculdade de Ciências, Universidade de Lisboa,
Portugal.

Abstract
Cephalopods hold a relevant ecological role in the world’s oceans. Found in almost all habitats, these
molluscs possess an important role both as predator and prey, while also being economically valuable.
Although the literature suggests this group may be able to cope or even thrive under the ocean's novel
conditions, a growing body of studies has revealed potentially negative impacts of climate change for
several species. The peer-reviewed literature was surveyed for articles featuring a sustained (≥24h) and
controlled exposure of cephalopod species to either: increased temperature, reduced pH, or their
combination. To address potential effects of these stressors, a comprehensive array of sequential metaanalysis was performed on 211 control-treatment comparisons using a standardized comparative
framework. This was performed globally, across lineages (cuttlefishes, squids, and octopuses), climates
(temperate or tropical), life-stages (embryo, paralarvae, juvenile, and adult), and specific response
categories (e.g., survival, development, etc.). Temperature was the most influential driver, with significant
effects overall and for most categories. Reduced pH exhibits significant, yet smaller effect sizes
comparatively. The low article and comparison number featuring variable interaction still revealed a
potential synergy between both stressors. Overall, the existing literature suggests that temperature and
low pH can have significant, and pervasive effects on cephalopods, across lineages and life stages. This
study also highlights the need for further research in specific taxa (e.g., Sepiida and Oegopsida),
emphasizing current knowledge gaps on the effects of experimental deoxygenation, and full factorial
designs evaluating the effects of the ‘deadly trio’.
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Oral 4.2.
Impact hypercapnia on metabolism and critical oxygen partial pressure in a
bathyal octopus Muusoctopus leioderma
Lloyd A. Trueblood ORCID iD1, Kirt Onthank2
1
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Abstract
The elevated atmospheric CO2 released from human activities is dissolving into the world’s oceans,
making them more acidic, a process known as ocean acidification. Previous work has examined how
changes in ocean pH and pCO2 effects metabolic physiology and critical oxygen partial pressure in
epipelagic and shallow water cephalopods. However, little work has been done on deep living species
which typically encounter less environmental variability. This study examines the routine metabolic rate
and critical oxygen partial pressure of the smoothskin octopus, Muusoctopus leioderma. This species is often
found in mud or silt bottoms at bathyal depths in the Northern Pacific with a typical depth range of 2501400 m, and greatest abundance at 450-650 m. Recently a population was found in the Salish Sea,
Washington State U.S.A. at 10-15 m depth. We held M. leioderma at environmental pCO2 of 1000 matm
and elevated pCO2 of 1800 matm for 24 hours and 7 days of acclimation. The difference in RMR and
Pcritfor both short- and long-term acclimatized reveal clues of how deep-water octopuses may be affected
by ocean acidification compared to shallow water species.
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Oral 4.3.
Message in a cuttle: the long-term effects of ocean acidification on the giant
Australian cuttlefish (Sepia apama)
James F. Peyla1,2,3, Bronwyn M. Gillanders2, Zoë Doubleday1
1
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Minnesota (Present Address for JFP), St. Paul, Minnesota, USA
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Abstract
The increase in atmospheric carbon dioxide since the industrial revolution has greatly impacted
numerous marine species through the processes of ocean warming and acidification. Documenting the
effect of acidification on a species through time would allow one to better to predict how that species will
fare in the future as average seawater pH falls further. Cuttlefishes, whose calcium carbonate shells have
been long been collected and stored in museums around the world, provide an excellent opportunity to
examine the effects of ocean acidification through time. To determine whether decreasing ocean pH has
affected cuttlebone structure, we collated a timeseries spanning 158 years of Sepia apama cuttlebones from
New South Wales, South Australia, and Tasmania. We then analyzed the cuttlebones’ density and
microstructure using standard and micro computerized tomography (CT & µCT), respectively. We found
that the thickness of the pillars connecting the septa of the cuttlebone decreased through time, suggesting
a decrease in cuttlebone density and strength as a result of acidification. Our project, which constructed
one of the longest timeseries to date to examine the effects of ocean acidification on an animal, has the
potential to inform predictions of cuttlefish populations around the world.
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Oral 4.4.
Octopus abundance in warming seas: Enteroctopus dofleini in north Pacific
surveys
David Scheel ORCID iD1, Curtis Johnson2
1
Alaska Pacific University, Anchorage, AK, USA. 2Independant, Seattle, USA

Abstract
In upwelling systems, octopus abundance is forecast by marine productivity linked to upwelling strength,
often indicated by cooler sea-surface temperatures during upwelling. Climate change may disrupt
populations of marine animals that are linked to such temperature-dependent events. We analyzed the
relationship of the abundance of giant Pacific octopuses (Enteroctopus dofleini) to Gulf of Alaska and
Washington State ocean temperatures. Abundance was measured in targeted visual surveys in Prince
William Sound, Alaska, from 1995 to 2016, from Seattle Aquarium volunteer diver surveys from 2000
to 2013, and from REEF.org diver surveys in Washington State from 2003 to 2019. Octopus counts
from each survey program had significant negative correlations with water temperatures over the previous
2.5–4 years. Water temperature in eastern Gulf of Alaska waters located in ocean currents up-stream of
the survey areas accounted for up to 0.71 of the variance (R2) in octopus abundance; and Washington
State water temperatures accounted for up to 0.81 of the variance in Puget Sound octopus counts. These
relationships are a possible predictive index for octopus abundance measured by targeted visual surveys.
More generally, following warmer years, octopus recruitment fell and fewer octopuses were found. The
effect of Anthropocene warming oceans may vary among cephalopod populations.
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Oral 4.5.
Camouflage of newborn cuttlefish under warming and acidification
Mélanie Court ORCID iD1, José R Paula ORCID iD2, Marta Macau ORCID iD1, Eve Otjacques
ORCID iD1, Tiago Repolho ORCID iD1,2, Rui Rosa ORCID iD1,2, Vanessa M Lopes ORCID iD2
1
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Abstract
Ocean warming and acidification have been shown to elicit deleterious biological effects on cephalopod
molluscs, especially during early ontogeny. Yet, little is known about the impacts of these climate changerelated stressors on the camouflage abilities of cephalopod early stages. The aim of this study was to
evaluate, for the first time, the effect of end-of-the-century projected levels of ocean warming (OW; + 3ºC)
and acidification (OA; 980 µatm pCO2) on Sepia officinalis hatchlings’ ability to camouflage (including
latency to match substrate, body pixel intensity and intensity difference between body pattern and
substrate, camouflage score) in different substrate complexity scenarios (sand and gravel). Embryonic
development was prolonged by OA (~50 days) and reduced by OW (~35 days) compared to control
conditions (~45 days). Hatching success was lowered under OA (95%) compared to control conditions
(98.8%), and this effect was exacerbated under OW+OA (72.7%). The combined treatments significantly
delayed camouflage response in the gravel substrate in relation to OW alone. On the other hand,
cuttlefish exhibited a higher contrast and consequently a stronger disruptive pattern under OW and, to
a lesser extent, OW+OA. However, this was not reflected in improved background matching. Camouflage
scores were significantly higher and latency to camouflage lower in the sand compared to the gravel ones,
showing that the hatchlings’ camouflage abilities are enhanced in the former substrate. Our findings
suggest climate change may impose relevant behavioural challenges to cuttlefish, since their ability to
camouflage (and hide from predators) may be compromised in the ocean of tomorrow.
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Oral 4.6.
Tracing in vivo mercury methylation and demethylation in the cuttlefish (Sepia
officinalis) using mercury stable isotopes under elevated pCO2
Sophie Gentès ORCID iD1,2, Antoine Minet ORCID iD2, Marc Metian ORCID iD3, Rémy
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Abstract
Mechanisms of mercury (Hg) toxicity, a pollutant of global concern in aquatic organisms, are not still
elucidated since it is taxon-, Hg species- and environmental factors- dependent. The common cuttlefish
(Sepia officinalis) is subjected to Hg contamination and environmental stress due to its dependency to
coastal zone at key life cycle stages (e.g. juvenile recruitment). Yet, data on Hg in a context of multi-stress,
such as the elevation of pCO2 are scarce in cephalopod. This context raises the question of the effect of
seawater acidification on Hg bioaccumulation through changes of metabolism and microbiota possibly
involved in in vivo Hg methylation and demethylation. This work quantified changes in Hg accumulation
efficiencies in different cuttlefish organs, depending on both inorganic (IHg) and organic species (MeHg),
under increased pCO2 (1600 µatm). Cuttlefish were fed with live shrimps injected with Hg stable isotopic
tracers (202MeHg and 199IHg), allowing to quantify internal Hg methylation and demethylation. Results
showed that pCO2 had no impact on Hg accumulation and organotropism but demonstrated that the
digestive gland was a key organ for in vivo Hg demethylation. A small amount of 199IHg was found
methylated in the brain (optic lobes). The intestine and digestive gland microbiota were not involved in
Hg transformation, since a very simple microbiome was observed and both Hg and pCO2 did not
influence the microbiota diversity. This study highlights how Hg stable isotopes are a relevant tool to
improve knowledge on the accumulation, organotropism and fate of both IHg and MeHg.
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Oral 4.7.
Using stable isotopes from museum specimens of Illex illecebrosus to infer
trophic changes across pre-industrial to modern eras of New England fisheries
Valerie H Dimkovikj1, Michelle D Staudinger2, Christine A.M. France3, Michael Vecchione4,5
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Abstract
Historical data about anthropogenic impacts on cephalopods are rare. Analysis of stable-isotopes in
museum specimens presents an opportunity to infer trophic relationships from historical surveys. We
analyzed preserved beaks (n=70) from Illex illecebrosus collected between 1873-1987 in waters of the
continental shelf of New England, Northwestern Atlantic Ocean. Stable isotopes of carbon and nitrogen
provided evidence to infer changes in trophic position and habitat use over time. Time periods were
binned based on well-known historical developments in New England fisheries to cover the pre-industrial
era (late 1800s), period of decreased groundfish landings (1930-1960), the Distant Water Fleet era (19601976) and the start of widespread industry regulation (1985-1995). All δ15N values for samples collected
in the 1900s were significantly depleted compared to values in the 1800s, with the highest post-industrial
levels occurring in the 1985-1995 period. There was also a significant shift over time to lighter, more
depleted δ13C values. The isotopic niche of modern I. illecebrosus (1985-1995) shows no overlap with that
of pre-industrial individuals. The changes in δ15N indicate a shift to lower trophic-level foraging habits
in the 1900’s while shifts in δ13C could be due to the Suess effect, increased reliance on more pelagic
prey and habitats, or sampling locations. These results are among the first to examine changes in trophic
position of I. illecebrosus over time using museum collections, and provide insights into how fishery
industrialization, management actions and potentially large- scale changes in climate have affected the
trophic role of squid in this ecosystem
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Oral 4.8.
Long-term changes in habitat and trophic level of Southern Ocean squid under
a climate change context
José Abreu1,2, Richard Phillips2, Filipe R Ceia1, Louise Ireland2, Vítor H Paiva1, José C Xavier1,2
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Abstract
Long-term studies of pelagic nekton in the Southern Ocean and their responses to ongoing environmental
change are rare. There are numerous squid species in the Southern Ocean that are key prey of a wide
range of predators (including whales, seals, seabirds and fishes). In this presentation, we used stable
isotope ratios measured in squid beaks recovered from diet samples of wandering albatrosses Diomedea
exulans breeding at South Georgia (foraging from Antarctic to subtropical waters), to assess decadal
variation (from 1976 to 2016) in the habitat (δ13C) and trophic level (δ15N) of five important Southern
Ocean squid species (Moroteuthopsis longimana, Gonatus antarcticus, Taonius notalia, Galiteuthis glacialis and
Histioteuthis atlantica) in relation to indices of environmental conditions—Southern Oscillation Index and
Southern Annular Mode. Over the last 50 years, all species, except M. longimana, have adapted their
habitat, based on δ13C values, while δ15N values were similar across decades for all five species, suggesting
minimal changes in trophic levels. Only in Taonius notalia did the indices correlate with, δ13C and δ15N
values, indicating direct relationships between environmental conditions (Abreu et al. 2020). Hence,
Antarctic cephalopods may be able to adapt to ongoing climate change and are likely to remain an
important prey for top predators in Southern Ocean food webs.
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Oral 4.9.
Evaluation of the common cuttlefish’s behaviour and colour change as
sublethal endpoints for the assessment of endocrine disruptors
Anaïd Gouveneaux ORCID iD, Christelle Jozet-Alves, Anne-Sophie Darmaillacq, Ludovic Dickel,
Cécile Bellanger
Université de Caen Normandie, Caen, France

Abstract
Although few exogenous chemicals are known to interact with endocrine functions, several hundred are
currently presumed or suspected to do so. As they represent a potential danger to the environment and
human health, many strategies have been implemented over the last decades at both national and
international levels to guide and frame the risk assessment of these substances. The experts urged for the
improvement of existing test methods and the development of new ones. In this context, the use of
behavioural toxicological criteria has been largely undervalued. Indeed, the quantification of animal
behaviours can be challenging but 1) it has been significantly enhanced thanks to constant improvement
of image capture and analysis technologies and 2) behaviours remain among the most sensitive and
integrated manifestations of an organism’s physiological response to toxicants. In this perspective,
cephalopods may be particularly relevant model species as they show a rich and well-studied behavioural
repertoire. In line with previous works on the effect of pharmaceutical residues, we focus here on the
search for toxicological endpoints in the common cuttlefish Sepia officinalis at the level of locomotion,
sand-digging behaviour and body pattern changes. The potential for biotest derivation is discussed based
on the responses of hatchlings exposed to two substances suspected to act as endocrine disruptors in
invertebrates: triclocarban and medetomidine.
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Oral 4.10.
Mercury bioaccumulation in the cuttlefish brain and effect on behavioral
performances.
Antoine Minet ORCID iD1, Christelle Jozet-Alves2, Marina Fernandez-Declerck1, Sophie Gentès1, Aude
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Abstract
Although releases regulated by the Minamata Convention, mercury (Hg) under its methylated form
(MeHg) remains one of the most concerning contaminants in the marine environment due to its efficient
bioaccumulation in organisms, its biomagnification along food webs and its high neurotoxicity for biota.
Cephalopods are thus highly exposed to MeHg via their food, showing relatively high concentrations of
MeHg in their mantle or digestive gland, but data are scarce about Hg in their nervous system. The present
work investigated the Hg bioaccumulation in the brain of the cuttlefish Sepia officinalis and its effects on
behavioral performances. An experimental approach using both radioactive (203Hg) and stable (199Hg,
202
Hg) Hg isotopes demonstrated that only MeHg accumulated in the brain. Analyses of total Hg and
MeHg in different tissues of cuttlefish from the Bay of Biscay revealed that MeHg concentrations in the
optic lobes were strongly correlated to those measured in the mantle. Considering these results, cuttlefish
were exposed to MeHg enriched shrimps and their behavioral performances were assessed along the first
month of the juvenile life. Responses were compared with control cuttlefish, cuttlefish exposed to
increased pCO2, known to disturb fish behavior, and cuttlefish exposed to both stressors (Hg and pCO2).
The results showed an alteration of crypsis and development of visual asymmetries in exposed cuttlefish
(Hg and/or pCO2), but no effect on predation performance, locomotor activity and secondary defense.
These data question the mechanisms of Hg neurotoxicity and the impacts of combined stressors on crucial
life stages of cuttlefish.
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Oral 4.11.
Impacts of anthropogenic activities on cephalopods
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Abstract
In past centuries, the impacts on cephalopods from humankind were negligible. The
first documented small-scale exploitation of cephalopods occurred in the Mediterranean and Asia.
Between 1950-2019, global cephalopod catches increased by about an order of magnitude, from 0.5
million tones to a peak of 4.85 million tons. The human impact on the oceans also increased substantially
in this period. Human-induced climate change, habitat destruction, increased marine traffic,
development of coastal infrastructure, pollution and growing fishing effort, may all have had negative
impacts on cephalopod populations. But while the responses to anthropogenic impacts have been
investigated for many ecosystem components, those for cephalopods are largely unknown. Cephalopods
are sensitive to multiple environmental variables such as ocean temperature and dissolved oxygen
concentrations, while geographic shifts in distribution in response to temperature changes are already
documented. Their sensitivities to other human pressures are beginning to emerge, but most of these still
need to be examined. How much habitat has been lost? How does noise affect cephalopods? What are
the lethal thresholds for various chemical pollutants, or how may these act to inhibit reproduction? Does
light pollution impact cephalopods? With such knowledge gaps, it is difficult to predict how cephalopods
will respond to increasing human impacts. Our study aims to provide a review of what is known about
anthropogenic impacts on cephalopods and their potential responses to these impacts. This information
can be used to identify the research priorities for improving our understanding of human-induced impacts
on cephalopods and the development of mitigation measures.
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17.15

Oral 4.12.
Warning of a possible coming collapse of macro-scale artisanal fishery for jumbo
squid in the Eastern Pacific due to transitions in the population structure
Chingis Nigmatullin1, Alexander Arkhipkin2
1

Independent Researcher. 2Fisheries Department, Stanley, Falkland Islands (Malvinas)

Abstract
The Jumbo flying squid Dosidicus gigas is the largest commercial squid that inhabits the Eastern Pacific,
attaining 100-120 cm in mantle length (ML) with total annual catch ranging from 0.75 to 1.15 million
tonnes in 2010-2017. Based on size at maturity, two main intra-population groups are distinguished. The
medium-sized group (MF) attains 20-55 cm ML and has annual life cycle, whereas the large-sized group
(LF) attains 60-120 cm ML and lives for two years. Both groups do not differ genetically and hence
represent phenotypical forms. Activation of either MF or LF ontogenies occurs at early stages of their life
cycles and depends on water temperature and productivity. MF and LF therefore represent discrete
adaptive norms (DANs), with one of DANs predominating in a given environmental situation. A largescale artisanal fishery has been developed in Peru and Chile during the recent period of LF predominance.
The oceanic fishery by large Asian jiggers takes mainly MF and juvenile LF, whereas artisanal fleets of
coastal countries harvest predominantly LF. Hence, in years of MF predominance oceanic fleets have the
resources to fish, whereas artisanal fleets do not. Two consecutive years of strong El Nino in 2015-2016
resulted in a decreasing trend in squid sizes in Peru and Chile since 2017, possibly indicating the
commencement of the demographic transfer from LF to MF. If this trend continues and leads to
predominance of MF, the artisanal fishery for jumbo squid would collapse and result in negative socioeconomic consequences for these countries.
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8.30

Oral 5.1.
Genome skimming elucidates the evolutionary history of Octopodiformes
Morag Taite1,2, Fernando Á Fernández-Álvarez2, Stephanie Bush3, Kat Bolstad4, Heather Braid4, Jim
Drewrey5, Sadie Mills6, Jan Strugnell7, Roger Villanueva8, Janet Voight9, Louise Allcock2
1

Institute of Biological, Environmental and Rural Sciences, Aberystwyth University, Aberystwyth, United
Kingdom. 2Ryan Institute & School of Natural Sciences, NUIG, Galway, Ireland. 3National Systematics
Laboratory, NOAA’s National Marine Fisheries Service, Smithsonian National Museum of Natural
History, Washington DC, USA. 4AUT Lab for Cephalopod Ecology & Systematics, Auckland University,
Auckland, New Zealand. 5Marine Scotland, Aberdeen, United Kingdom. 6National Institute of Water
and Atmospheric Research, Wellington, New Zealand. 7Centre for Sustainable Tropical Fisheries and
Aquaculture, James Cook University, Townsville, Australia. 8Institut de Ciències del Mar, ICM-CSIC,
Barcelona, Spain. 9Integrative Research Center, The Field Museum of Natural History, Chicago, USA

Abstract
Phylogenies for the Octopodiformes have, until now, been based on morphological characters or several
genes. Here we provide the complete mitogenomes and the nuclear 18S and 28S ribosomal genes of
twenty Octopoda specimens, comprising 18 species of Cirrata and Incirrata representing 13 genera and
all four families of Cirrata (Cirroctopodidae, Cirroteuthidae, Opisthoteuthidae and Stauroteuthidae) and
six families of Incirrata (Amphitretidae, Argonautidae, Bathypolypodidae, Eledonidae,
Enteroctopodidae, and Megaleledonidae), which were assembled using genome skimming. We
supplemented our new assembled sequences with mitogenomes from GenBank for Tremoctopodidae
and Octopodidae. All our mitogenomes followed the same genome composition and gene order found
in previously reported octopodiform mitogenomes, except for Bathypolypus arcticus, which appears to be
missing NAD5, two tRNA genes that flank NAD5, and two other tRNA genes. Phylogenetic trees were
built using Maximum Likelihood analyses with several alignment matrices. The position of
Argonautoidea varied among trees. It was strongly supported as sister to Octopodidae in a mitochondrial
protein-coding gene tree, but as sister to all other incirrate octopods in analyses using nuclear ribosomal
genes. Within Cirrata, our study is congruent with the classifications of both Collins and Villanueva
(2006) and Vecchione et al. (2016). Both systems support four cirrate families, though with different
placements of genera within those families. This study demonstrates the utility of genome skimming for
the analysis of phylogenetic relationships within Octopodiformes, while emphasizing the importance of
analysing both mitochondrial and nuclear data.
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8.45

Oral 5.2.
SNP data reveals the complex and diverse evolutionary history of the blue-ringed
octopus genus (Octopodidae: Hapalochlaena) in the Asia-Pacific
Brooke L Whitelaw ORCID iD1,2, Julian Finn ORCID iD2, Kyall Zenger1, Ira R Cooke ORCID iD1, Jan
M Strugnell ORCID iD1
1

James Cook University, Townsville, Australia. 2Museum Victoria, Melbourne, Australia

Abstract
The blue-ringed octopus complex (Hapalochlaena), known to occur from Southern Australia to Japan,
currently contains four species (H. maculosa, H. fasciata, H. lunulata and H. nierstraszi). These species are
often distinguished using morphological characters (iridescent blue rings and/or lines) along with
differences in their reproductive strategies. To examine species boundaries within the genus we used
mitochondrial (12S rRNA, 16S rRNA, cytochrome c oxidase subunit 1 [COI], cytochrome c oxidase
subunit 3 [COIII] and cytochrome b [Cytb]) and SNP data from specimens collected across its geographic
range including variations in depth from 3m to >100m. Inferred relationships indicated the current
species diversity observed is incongruent with the number of described species. A minimum of 11 distinct
organisational taxonomic units (OTU) were identified from 21 sampling locations throughout the Asia
Pacific from depths between 3m-100m using 10,346 resolved SNPs. Support was present for H. maculosa
as currently defined, spanning across southern Australian waters (Victoria to Western Australia). Where
samples were shared between data sets, delineation methods (ABGD, single rate-PTP and GYMC)
corroborated OTU assignments. Bayesian analysis of the COI gene estimated divergence of the
Hapalochlaena genus from Amphioctopus to have occurred ~50mya, with major Hapalochlaena lineages
diverging between ~50-25mya. The point of origin for the genus was estimated by RASP (Reconstruct
Ancestral State in Phylogenies) analysis using COI genes to be located within the Central Indo Pacific.
This study provides a genetic framework to aid in the revision of systematics in conjunction with
providing a taxonomic structure for future studies.
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9.00

Oral 5.3.
The role of ancestral cephalopod genome rearrangements in the evolution of
specialized symbiotic organs in the bobtail squids.
Lisa Rouressol1, Oleg Simakov ORCID iD1, Margaret McFall-Ngai2
1

Department for Neurosciences and Developmental Biology, Vienna, Austria. 2Kewalo Marine
Laboratory Pacific Biosciences Research Center, Honolulu, USA

Abstract
Whether and how genome evolution in cephalopods drove the emergence of novel tissues and organs is
an emerging question. Light organ (LO) evolution in bobtail squids and the suggested similarity to the
eye developmental programme provides an interesting scenario to investigate the balance between
retention of the ancestral regulatory network and the evolution of novelty. Using recent advances in
comparative genomics and emerging regulatory genomic data for E. scolopes, a model to study specialized
symbiotic organs, we compared the expression and regulation of the ocular specification
genes Six , Eya, Pax6 and Dac, which are involved in both LO and eye formation across tissues and
development. We have compared the expression, genome topology, and regulatory signatures of these
genes with the genes shared between LO and other tissues. We found that Eya is expressed not only in
ocular tissues and LO but also in other tissues, like ovaries and gills, Dac is expressed predominantly in
LO, and Pax6 in brain tissue and eyes. All genes were most highly expressed late in development.
Genomic data also showed that Eya and Pax6 were found in ancient animal syntenic regions retained in
cephalopods, whereas the other eye specification genes have relocated according to their ancient
organization. Through comparison to other co-expressed genes during development and in adult tissues,
as well as the evolutionary history of genes in their genomic vicinity, we begin to reveal whether this gene
cassette has played a central role in LO evolution and the extent of its regulatory network.
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Oral 5.4.
Circumpolar and regional seascape drivers of genomic variation in a Southern
Ocean octopus
Sally CY Lau1, Phillip C Watts2, Nerida G Wilson3, Louise L Allcock4, Catarina NS Silva1,5, Jan M
Strugnell1
1

James Cook University, Townsville, Australia. 2University of Jyväskylä, Jyväskylä, Finland. 3Western
Australian Museum, Perth, Australia. 4National University of Ireland, Galway, Galway, Ireland. 5Nature
Research Centre, Vilnius, Lithuania

Abstract
Understanding how ecology, environmental, and geographic features structure population genetic
patterns provide crucial insights into the species evolutionary history, as well as their vulnerability or
resilience under climate change. It is known that the circumpolar and regional seascape dynamics in the
Southern Ocean influence population genetic variation differently across spatial scales. However,
comprehensive analyses testing for the relative importance of different environmental and geographic
variables on genomic variation, across these scales, are generally lacking in the Southern Ocean. We
examined 5,437 genome-wide single nucleotide polymorphisms using a target capture approach in the
Southern Ocean octopus Pareledone turqueti across the Scotia Sea and the Antarctic continental shelf, at
depths between 102–1342m, throughout most of the species’ distribution. We found that the
circumpolar population structure of P. turqueti is biogeographically structured with a clear signature of
isolation-by-geographical distance, but long-distance genetic connectivity was also detected between East
and West Antarctica. Genomic variation was most significantly linked to bottom water temperature at a
circumpolar scale. However, geographical distance and isolation-by-water depth were the only significant
drivers of genomic variation at regional scale within the Scotia Sea. A significant genotype-environmental
association was observed between warmer temperatures and South Georgia/Shag Rocks, with putative
positive selection of hemocyanain (oxygen transport protein) indicated, suggesting possible physiological
adaptation to warmer temperatures around sub-Antarctic localities. Critically, we identified seascape
drivers of genomic variation in the Southern Ocean at circumpolar and regional scales in P. turqueti and
contextualised the role of environmental adaptations in the species evolutionary history.
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Oral 5.5.
Beyond 'simple' sequence analysis: can cephalopod evolutionary genomics
predict biological function?
Oleg Simakov
University of Vienna, Vienna, Austria

Abstract
The accumulation of sequencing data for cephalopods enabled first insights into their genomes' unique
evolutionary trajectory. While we can observe many genomic contributors that set aside (coleoid)
cephalopods from their molluscan cousins, their impact on biology and eventually the phenotype remains
unexplored. In this talk, we will outline recent progress in cephalopod genomics and how changes in local
and global genome organization (architecture) can be associated with the emergence of novel gene
regulation and expression domains. We will discuss how genome rearrangements that are inferred to have
happened in the last common coleoid cephalopod ancestor have created a fruitful ground for the
emergence of new regulatory regions active during development. The question will be explored on
whether such type of approach can be used to provide testable hypotheses to help dissect development
and organization of cephalopod organismal novelties, complementary to the classical candidate genebased approaches.
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Oral 5.6.
Heterogeneity of the brain structure in octopodiforms from different habitats
Wen-Sung Chung1, Nyoman Kurniawan2, Justin Marshall1
1

Queensland Brain Institute, The University of Queensland, Brisbane, Australia. 2Centre for Advanced
Imaging, The University of Queensland, Brisbane, Australia

Abstract
Octopods are masters of camouflage, solving complex tasks and their cognitive ability is said to approach
that of some small mammals. Despite intense interest and some research progress, much of our knowledge
of octopus neuroanatomy and its links to behaviour and ecology comes from one coastal species, Octopus
vulgaris. Octopod species are found in habitats including complex coral reefs to the relatively featureless
mid-water. There they encounter different selection pressures, may be nocturnal or diurnal and mostly
solitary or partially social. How these different ecologies and behavioural differences influence the octopus
central nervous system (CNS) remains largely unknown. Here we present a phylogenetically-informed
comparison between diurnal and nocturnal coastal and a deep-sea species using brain imaging techniques.
This study shows that characteristic neuroanatomical changes are linked to their habits and habitats.
Enlargement and division of the optic lobe as well as structural foldings and complexity in the underlying
CNS are linked to behavioural adaptation (diurnal versus nocturnal; social versus solitary) and ecological
niche (reef versus deep sea), but phylogeny may play a part also. The difference between solitary and social
life is mirrored within the brain including the formation of multiple compartments (gyri) in the vertical
lobe which is likened to the vertebrate cortex. These findings continue the case for convergence between
cephalopod and vertebrate brain structure and function.
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Oral 5.7.
The matrix of shell-like eggcase of Argonaut octopus acquired through adaptive
evolution to pelagic environment
Kazuki Hirota1, Masa-ki Yoshida2, Takenori Sasaki3, Davin H. E. Setiamarga4
1

Graduate School of Science, The University of Tokyo, Bunkyo City, Tokyo 113-0033, Japan. 2Marine
Biological Science Section, Education and Research Center for Biological Resources, Faculty of Life and
Environmental Science, Shimane University, Oki, Shimane 685-0024, Japan. 3The University Museum,
The University of Tokyo, Bunkyo City, Tokyo 113-0033, Japan. 4Department of Applied Chemistry and
Biochemistry, National Institute of Technology (KOSEN), Wakayama College, Gobo, Wakayama 6440023, Japan

Abstract
The argonauts, or paper nautiluses, are a group of octopods characterized by its external calcareous
eggcase, formed by the 1st arms of the animals. Meanwhile, the shells of common Conchiferan mollusks,
which also includes the nautiloids and ammonoids, are formed by the mantle. These thus suggest that
Conchiferan shells and argonaut eggcases have different evolutionary origins, although it was unclear
whether the difference could also be seen at the molecular level. Here, we performed multi-omics analyses
of two argonaut species, Argonauta argo and A. hians, in order to reveal their major eggcase matrix proteins
(EcMPs). We identified 29 EcMPs in A. argo, and 33 in A. hians. 21 EcMPs were shared between the two
species, indicating that the repertoires are homologous between the two argonauts. When we compared
identified EcMPs with major shell matrix proteins (SMPs) of Conchiferan mollusks, no protein was found
to be shared among all species. This finding thus corroborated previous observation results, which
maintain that the eggcase of Argonaut octopods is not a homolog of the Conchiferan shell. Intriguingly,
we also found three Conchiferan SMPs in EcMPs, although only shared among some Conchiferans and
not all: LamG3, SOD, and TRX. This suggests that while the argonauts recruited non-Conchiferan SMPs
to form their eggcases, they still reuse some SMP-coding genes, especially those putatively related to
calcification. Thus, we suggest that eggcase formation in the argonauts were probably acquired by reutilizing a limited number of Conchiferan SMPs, and simultaneously, by recruiting many proteins
originally unrelated to shell formation.
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Oral 5.8.
HOX genes and the cephalopod body plan
Caroline Albertin1, Hannah Schmidbaur2, Emily Garcia1, Cheyenne Rodriguez1, Ana E Gabriel1, Karen
Crawford3, Therese Mitros4, Daniel S Rokhsar4, Oleg Simakov2, Clifton W Ragsdale5
1

Marine Biological Laboratory, Woods Hole, USA. 2University of Vienna, Vienna, Austria. 3St Mary's
College of Maryland, St Mary's City, USA. 4University of California, Berkeley, Berkeley, USA. 5University
of Chicago, Chicago, USA

Abstract
Cephalopods have a highly derived body plan and a suite of morphological innovations with no obvious
correlates in other animals. How this highly derived body plan relates to those of other animals has been
obscure. To address these questions, we studied the genomic arrangement and expression of the HOX
genes in Octopus bimaculoides, the California two-spot octopus, and Doryteuthis pealeii, the longfin
inshore squid. Chromosome-scale genome assemblies for these species recover a single, intact, but
massively expanded, HOX cluster in each of these species. We find that cephalopod HOX expression
exhibits the canonical nested domains of expression, unlike what has been described in many other
molluscs and spiralians, including another cephalopod (Lee et al. 2003). Moreover, the early expression
of the HOX genes reflects the derived arrangement of cephalopod development: expression domains
radiate out from the center of the embryo, forming the nested, bilaterally symmetrical sectors expected
for a polar coordinate system. These data support an ancestral role for HOX genes in patterning the
cephalopod body plan despite the dramatic increase in the size of the genomic cluster and the radial
geometry of the early embryo. We also observe major differences in both the HOX gene complements
and expression patterns between squid and octopus that may point to a key role for HOX genes in the
evolution of their body plans. This work was funded by NSF grant IOS-1354898, the Grass Foundation,
and the Hibbitt Early Career Fellows Program at the Marine Biological Laboratory
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Oral 5.9.
Intron and gene size expansion during cephalopod nervous system evolution
Matthew J McCoy1, Namrata Ahuja2, Caroline B Albertin2, Andrew Z Fire1
1

Stanford University School of Medicine, Stanford, CA, USA. 2Marine Biological Laboratory, Woods
Hole, MA, USA

Abstract
Many of the largest, most complex genes in animal genomes are enriched for expression in nervous tissue,
and are frequently mutated or misregulated in neurological disease and disorder. These large neuronal
genes have reached extreme sizes in vertebrates, which constrain physical and temporal expression
patterns, and necessitate special regulation. Expansion of neuronal gene sizes also appears to have
occurred during cephalopod evolution, but whether cephalopods independently evolved similar or
divergent mechanisms to regulate such large genes remains unknown. To address this question, we are
performing genetic and pharmochemical disruption of putative large gene regulators in the emerging
cephalopod genetic model organism, Euprymna berryi. We aim to characterize the functional consequences
of gene size expansion by parallel analysis of regulation for neuronal genes in animals with large genes
and complex nervous systems, such as vertebrates and cephalopods, and animals with compact gene sizes
and simple nervous systems, such as the nematode, Caenorhabditis elegans. In doing so, we hope to gain a
deeper understanding of how physical properties of the genome contribute to the evolution of
increasingly complex nervous systems, and to their breakdown in disease.
Acknowledgments: This research was made possible by a 2018 Grass Fellowship in Neuroscience (Grass
Foundation), a 2019 Whitman Fellowship, and the Cephalopod Program at the Marine Biological
Laboratory, as well as the Stanford Genomics Training Program (5T32HG000044–22; PI: M. Snyder)
and a Stanford Wu Tsai Neurosciences Institute Interdisciplinary Scholar Award.
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Oral 5.10.
Arm regeneration in Octopus bimaculoides
Natalie Grace Schulz, Caroline Albertin, Rahul Parnaik, Clifton Ragsdale
University of Chicago, Chicago, USA

Abstract
Octopus arm regeneration includes the reconstruction of the massive axial nerve cord, the
morphologically complex suckers and the elements of the adaptive coloration system. This regeneration
is rapid, scarless and can proceed across several arms simultaneously. Here, we establish a timeline of
octopus arm regeneration in 6-week-old Octopus bimaculoides juveniles and present our first molecular
observations on octopus arm regeneration. By 3 days following the initial amputation, the wound at the
site of amputation has closed. By day 7, a blastema is fully developed at the amputation plane. At day 14,
the blastema has elongated and sucker placode formation is evident. At day 21 we consider the arm a
functional regenerate, as it has chromatophores, suckers and movement, despite its small size. The arm
continues its rapid growth until Day 42, six-weeks post amputation, when it is comparable to the nonamputated arms. With in situ hybridization staining, we examined the temporal and spatial dynamics of
several canonical developmental signaling genes and mature tissue markers. Initial observations of classic
patterning genes readily demonstrated regionality in the regeneration blastema. The 12 WNT genes
identified in octopus have a variety of expression patterns, with WNT1 being expressed close to the
amputation plane whereas WNT6 is expressed at the distal end of the blastema. In
contrast, HH (Hedgehog) was enriched on the oral, or sucker, side of the blastema. Interestingly, while a
mature muscle marker myosin heavy chain (MYH) was evident in the blastema at early stages of
development, pan-neuronal markers such as synaptotagmin 1 (SYT1) were not detected until day 21.
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Oral 5.11.
Connecting the dots in octopus populations: evidence for gene flow
Qiaz Q. H. Hua ORCID iD1, Vicki A Thomson ORCID iD1, Jasmin C Martino ORCID iD2, Jan M
Strugnell ORCID iD3, Bronwyn M Gillanders ORCID iD1, Zoe A Doubleday ORCID iD2
1
3

University of Adelaide, Adelaide, Australia. 2University of South Australia, Mawson Lakes, Australia.
James Cook University, Townsville, Australia

Abstract
Studying the population genetics of a species brings about important information on intraspecific
patterns of genetic differentiation and gene flow. Octopus berrima and Octopus pallidus are highly
targeted by local fisheries in southeast Australia. Both species are holobenthic and are thus expected to
exhibit genetic structuring, however the level of which remains either completely unknown or
understudied (respectively). It is likewise unclear how their adaptive patterns of genetic differentiation
compare with neutral patterns. Amongst a total of 346 octopuses sampled across southeast Australia, we
sequenced the mitochondrial cytochrome oxidase (COIII) gene to confirm their species and determine
their maternal ancestral history. We also genotyped single nucleotide polymorphisms (SNPs) using double
digest restriction site-associated DNA sequencing (ddRADseq) to examine both neutral and adaptive
genetic patterns. We identified 226 O. berrima in 5 sites around Eyre Peninsula in South Australia, and
120 O. pallidus in 4 sites in southeast Eyre Peninsula, Victoria and Tasmania. Both COIII-based
haplotype network and neutral SNPs showed the northern Eyre Peninsula to be the most divergent
population. While there was ancestral gene flow amongst most populations, sNMF plots based on neutral
loci showed further population splits that yielded 3 O. berrima metapopulations and 2 O. pallidus
metapopulations. Additionally, 76 adaptive loci were identified in O. berrima showing the eastern Eyre
Peninsula populations to be the most divergent compared to the western populations. These results
provide key information to better inform conservation and management decisions for developing octopus
fisheries in southeast Australia, and highlights the importance of genomics tools in improving fisheries
management of highly targeted species.
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Oral 5.12.
Regressing to mature: using RNASeq to interrogate symbiont-mediated
development of the hawaiian bobtail squid light organ
Bethany A Rader1, Elizabeth A Heath-Heckman ORCID iD2
1
Southern Illinois University, Carbondale, USA. 2Michigan State University, East Lansing, USA

Abstract
Upon birth or hatching animals come into contact with myriad microbial species which can have widereaching effects as they develop. At present, the association between the Hawaiian Bobtail Squid
(Euprymna scolopes) and its luminous symbiont (Vibrio fischeri) is one of the most powerful models for
bacterial induction of host development. The squid acquires its bacterial symbionts from the
surrounding seawater upon hatching, and after 12 hours, the bacteria provide an irreversible signal to the
host which leads to the complete apoptosis and regression of the external ciliated structures, called
appendages, which assist in acquiring V. fischeri from the seawater. While the bacterial signals and the
host output are known, the signaling mechanisms which govern this process have yet to be elucidated.
To this end, we performed an RNASeq analysis on appendages dissected off of light organs from animals
at hatching, after 18 h with or without symbionts. We identified 1930 genes that were differentially
regulated by symbiosis in the appendages. Genes downregulated by symbiosis included those related to
microtubule and ciliary maintenance, which is expected due to the loss of cilia during regression. Our
analysis of the pathways regulated by symbiosis revealed that components of the Wnt signaling cascade
tended to be downregulated by symbiosis while transcription of Notch pathway components was
increased. These data suggest that several different canonical developmental pathways are acting in
concert to coordinate symbiont-induced maturation of the light organ, and that the squid-vibrio symbiosis
offers an opportunity to study the cross-talk between immunity and development.
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Oral 5.13.
Towards the identification of the Hawaiian bobtail squid sex chromosome
Nicolás Lichilín ORCID iD1, John Briseno2, Nidhi Vijayan2, Qi Zhou ORCID iD1,3, Spencer Nyholm
ORCID iD2, Margaret McFall-Ngai ORCID iD4, Oleg Simakov ORCID iD1
1

University of Vienna, Vienna, Austria. 2University of Connecticut, Connecticut, USA. 3Zhejiang
University, Hangzhou, China. 4University of Hawaiʻi at Mānoa, Honolulu, USA

Abstract
Sex chromosomes and sex-determining genes exhibit a fascinating diversity across species, yet this type of
information is almost absent in cephalopods. Genomic studies have shown that coleoid cephalopods (i.e.,
octopus and squids) have evolved large genomes without whole-genome duplication, like in vertebrates.
Instead, much of the coleoid cephalopod karyotype is substantially rearranged compared to the otherwise
highly preserved linkage groups among many invertebrate animals, making it a unique model to study
chromosomal evolution, including sex chromosomes. For this purpose, we used the well-studied Hawaiian
bobtail squid (Euprymna scolopes). E. scolopes is one of the few coleoid species with a chromosomal genome
assembly, making it the ideal candidate to understand how this unique mode of chromosomal evolution
in cephalopods has given rise to sex chromosome formation in cephalopods. We used expression samples
from 19 different tissues of both sexes in E. scolopes to identify differentially expressed as well as genetically
segregating loci associated with sex. RNA sequencing methods have been mainly utilized to identify highly
differentiated sex chromosomes, and cephalopods sex chromosomes seem to be essentially homomorphic,
yet we still could detect enrichment signals for sex in a subset of chromosomes. While sex-biased genes
are located on almost every chromosome, there is a preference for their accumulation on a subset of
chromosomes associated with a particular sex. However, there is no sub-chromosomal region with a clear
accumulation of sex-biased genes, similar to the situation in other species, suggesting that the regulatory
networks associated with sex differences involve the whole genome.
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14.00

Oral 6.1.
Life cycle phases and stages definitions in cephalopod terminology
Erica A G Vidal ORCID iD1, Elizabeth K Shea ORCID iD2, Heather Judkins ORCID iD3
1
University of Parana, Pontal do Parana, PR 83255-976, Brazil. 2Delaware Museum of Natural History,
Wilmington, DE 19087, USA. 3University of South Florida St. Petersburg, St. Petersburg, FL 33701,
USA

Abstract
The early life of cephalopods is marked by fast growth and development and is characterized by substantial
changes in morphology, physiology, ecology, and behavior. All cephalopods are direct developers. There
is no larval phase, or a true larva in the strict sense of the definition, because structural features of postembryonic stages are directly involved in the morphogenesis of the adults. Nonetheless, there are
intermediate developmental stages occurring between hatchlings and juveniles in many species, which
contributes to a lack of consensus towards the applied terminology. Based on an updated overview of
cephalopods early development, our aim is to provide a forum for a new discussion on defining
cephalopod life cycle phases and stages and to develop a consensus terminology. During early life,
developmental processes (ontogeny and growth) have the most pronounced effects on morphology rather
than ecology and are therefore more useful for discriminating phases and stages of the life cycle. As
organisms grow, ecological changes (e.g., lifestyle, habitat) might become more important. Here, we reexamine and re-define paralarva, and juvenile phases of the cephalopod life cycle as well as the hatchling’
stage within the paralarval phase. We recognize that shifts in phases and stages are species-specific and
size dependent and often involve changes in lifestyle and/or habitat. Clarifying these definitions will
help build consensus towards a standard terminology and thus a better understanding of cephalopod life
cycles.
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Oral 6.2.
Recently settled octopus in the wild: diet, growth and juvenile stage
characterization of Octopus vulgaris
Oscar Escolar ORCID iD, Fernando Ángel Fernández-Álvarez ORCID iD, Jesús Zarcero ORCID iD,
Pilar Sánchez ORCID iD, Roger Villanueva ORCID iD
Institut de Ciències del Mar, CSIC, Barcelona, Spain

Abstract
After a period of weeks or months in the plankton, meropelagic octopuses descend to the sea bottom
where they will remain for the rest of their lives. This transition to a benthic lifestyle requires dramatic
morphological, behavioural and trophic changes that are poorly understood so far. Information on wild
recently settled octopus individuals are rare, while laboratory observations are scarce due to the difficulties
for rearing the paralarvae to settlement. Here, we analysed the stomach content through DNA
metabarcoding of 91 recently settled Octopus vulgaris collected from littoral waters of NW Mediterranean
and, to understand their habitat and possible prey selection, we identify and quantify the invertebrate
mesofauna (0.2 - 20 mm in size) associated to the structures used to collect these young octopuses.
Furthermore, the juvenile growth from recently settled to the subadult stage was determined under
laboratory conditions using different diets and temperature regimes. Finally, the external morphology
and size range of the juvenile stage in O. vulgaris was characterized and defined. This entire information
provides an holistic approach to understand the trophic ecology and growth of juvenile octopuses in
littoral environments during the challenging ontogenetic phase of octopus settlement
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Oral 6.3.
Argonauts distribution driven by mesoscale activity in the Southeastern
Brazilian Bight
Carolina C. Araújo ORCID iD, Maria A. Gasalla ORCID iD
Oceanographic Institute, São Paulo, Brazil

Abstract
Argonauts (Cephalopoda: Argonautidae) also known as ‘paper nautilus’ are epipelagic octopuses that
inhabit the open-ocean, despite being rarely encountered alive. Occasional mass strandings and high
frequency in stomach contents of top predators suggest that argonauts may occur in large numbers in
oceanic waters. In a previous study focused on cephalopod paralarvae, we have reported a relatively
high abundance of argonauts in continental shelf areas of the Southeastern Brazilian Bight (SBB). Based
on these findings, the aim of the present study was to investigate potential major mesoscale oceanic
phenomena driving both seasonal and interannual Argonautidea occurrence in shelf areas of the SBB.
For this purpose, the analyses were performed using an historical archive of plankton samples (n=884)
collected during 22 survey cruises between 1974 and 2010 covering the northern shelf of the SBB along
with temperature and salinity profiles of surface waters. Argonautidea paralarvae occurrence was
associated with summer and a high interannual variability in abundance was noticed. The data suggest
that Argonautidae transport from open-ocean into the continental shelf is likely linked to onshore
intrusion of waters masses promoted by meanders and eddies of the Brazil Current. Once in shelf areas,
argonauts' distribution is remarkably influenced by the southward-flowing coastal upwelling jet originated
in the northernmost region that may stretch for hundreds of kilometers along the SBB shelf. The present
study highlights the importance of such historical archives to access long-term fluctuations in plankton
distribution and abundance according to regional oceanographic conditions.
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Oral 6.4.
Spatial and temporal structure of life cycle of Loligo forbesii and Loligo
vulgaris in ecoregions of Celtic Seas and Greater North Sea.
Vladimir Laptikhovsky ORCID iD1, Louise Allcock2, Gavan Cooke3, Sophie Lozach1, Daniel
Oesterwind ORCID iD4, Jean-Paul Robin5, Graham Pierce ORCID iD6
1

Cefas, Lowestoft, United Kingdom. 2Ryan Institute & School of Natural Sciences, NUI Galway,
Galway, Isle of Man. 3Cephalopod Citizen Project, Cambridge, United Kingdom. 4Thünen Institute of
Baltic Sea Fisheries, Rostock, Germany. 5Normandie Universite, UNICAEN, Caen, France. 6Instituto
de Investigaciones Marinas (CSIC), Vigo, Spain

Abstract
The Loligo vulgaris and L. forbesii co-occur in ecoregions of Celtic Seas and Greater North Sea and spatiotemporal structure of their ranges is poorly understood. To clarify interactions between two species we
used a) biological data from German, Irish and UK research surveys (2016-2019); b) observation of Loligo
egg masses by Scuba divers from Denmark, France, Germany, Netherlands, Norway and UK (2018-2021);
c) sampling of commercial landings in France and UK (1991-2017). Spawning of L. vulgaris mostly takes
place in the English Channel between December and March shifting in April-September along European
shores up to Netherlands and Germany. Juveniles were recorded in the Channel area in June - October
and the foraging range of larger squids (up to maturity) extends up to the southern Irish sea and North
Sea. L. forbesii reproduces close to the shores of Ireland, Scotland and Norway in December – February,
up to April. In in May-July spawning grounds extend into the Channel where mature females are recorded
in landings and unidentified egg masses are abundant, whereas no mature L.vulgaris were found there.
Juveniles forage in the entire North Sea in January – August and are found in November – December off
Ireland and west of Scotland. Unidentified paralarvae of Loligo spp. are abundant from west English
Channel to north of Scotland in December – March and in North Sea in January - August. Spawning
grounds of both species are segregated due to different migratory patterns within the same range off
Northwest European shores.
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Oral 6.5.
Population dynamics and early life history of the long-finned squid
(Doryteuthis pealeii)
Audy J Peoples, David E Richardson, Katrin E Marancik, Harvey J Walsh
NOAA NMFS, Narragansett, USA

Abstract
The long-finned squid Doryteuthis pealeii (Lesueur, 1821) is a commercially and ecologically important
cephalopod species. An accurate depiction of the life history and stock structure of the species is a
prerequisite for being able to understand the dynamics of this species in response to the short and longterm climate variability and fishing pressure. Data related to this species are limited, particularly for the
early life stages. The short lifespan of the longfin squid makes them among the most responsive species
to ecosystem change. Between 1987 and 2018 over 6,000 cephalopod paralarvae were collected by the
Northeast Fisheries Science Center (NEFSC) plankton surveys. During this study, those samples were
sorted, identified, and measured. Of the 6,585 sorted paralarval cephalopod samples 3,437 (52.2%) were
D. pealeii. The highest occurrence of this species was in August and September (74.3%, n = 2553). D.
pealeii occurred from Georges Bank to Cape Hatteras, NC with the highest abundances in the waters
south of Rhode Island and off the Eastern Coast of Long Island, NY. Generalized additive models (GAM)
were used to describe environmental effects on dorsal mantle length (DML) presence/absence, and
abundance of D. pealeii in the Mid-Atlantic using the paralarval identification database. The predictor
variables included in the model are bottom depth, temperature, and salinity. This study is intended to
develop the necessary datasets to accurately describe the spawning dynamics and early life history of
Doryteuthis pealeii, which will in turn provide a stronger scientific foundation to influence future
assessment and management decisions.
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Oral 6.6.
Trophic network and diet analyses show cephalopods as major links for energy
circulation in the Azorean (NE Atlantic) pelagic food web
Nis Hansen1, Miguel Guerreiro1,2, Marco Scotti1, Henk-Jan Hoving1
1

GEOMAR Helmholtz Centre for Ocean Research Kiel, Kiel, Germany. 2Faculdade de Ciências da
Universidade de Lisboa, Lisbon, Portugal

Abstract
Pelagic ecosystems are changing rapidly due to the simultaneous action of climate change, resources´
overexploitation, and other anthropogenic stressors. Understanding the community structure and main
pathways of energy circulation in these food webs is crucial to predict shifts caused by e.g. fish extraction.
Cephalopods are considered `winners` of these changes and could potentially replace overexploited
pelagic fish. Even though the Azores are considered cephalopod biodiversity and biomass hotspots, the
ecological role of cephalopods in this and other oceanic regions is still largely unresolved. We tested the
hypothesis that cephalopods occupy mid-trophic levels and act as major links for energy circulation in
Azorean waters. We characterized the Azorean pelagic food web by constructing a trophic interaction
network of over 1,500 interactions obtained from published dietary data of pelagic organisms from the
study area. We found that cephalopods lie along the most important pathways leading energy from the
planktonic food web to apex predators (e.g. sperm whale Physeter macrocephalus and swordfish Xiphias
gladius). Currently, we are simulating scenarios of (meso)pelagic fish removal to determine the relevance
of energy flow pathways via cephalopods. Preliminary morphological cephalopod stomach content
analysis showed the presence of crustaceans, fish and cephalopod prey in the stomachs of
Enoploteuthidae, Cranchiidae and Histioteuthidae. DNA (meta)barcoding is currently being applied to
increase the taxonomic resolution of prey identification. This study provides an unprecedented analysis
of the role of cephalopods in the Azorean pelagic food web allowing an assessment of cephalopods as
major links for energy circulation in a changing ocean.
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Oral 6.7.

Octopus vulgaris life cycle: growth, reproduction and senescence in captivity
Alvaro Roura Labiaga ORCID iD1,2, Miguel Martínez-Pérez1,2, Alexandra Castro-Bugallo1,2
1

Instituto de Investigaciones Marinas (IIM-CSIC), Vigo, Spain. 2Estación de Ciencias Marinas de Toralla
(ECIMAT, Universidad de Vigo), Vigo, Spain

Abstract
The common octopus Octopus vulgaris is the best-known octopod, but there are aspects of their life cycle
still poorly known. Here we report the complete life cycle of seven O. vulgaris specimens reared in captivity
from wild eggs. The shift from a planktonic to a fully benthic life took around 30-45 days and three
different stages were identified based on behavioural and tissular changes: pre-settlement (~d45-60, 2025 suckers), settlement (~d60-75, 25-35 suckers) and post-settlement (~d75-90, >35 suckers). Octopus
vulgaris growth curve was effectively modelled with an initial exponential phase (d0~240), followed by a
slower power growth phase (d240~500). The inflexion point matched with the development of enlarged
suckers in males and the onset of mating behaviours (~220-420g). Up to 52 copulations were observed
in 7 months. Spermatophore pumping speed along the hectocotylus was around 0.36 m/s. Spawning
started from d512 to d546 at sizes ranging between 6.3-7.7 kg. Egg laying took between 16 and 21 days,
while incubation took 49 and 63 days at 18ºC and 14ºC, respectively. Hatching lasted for up to 25 days.
Natural deaths were recorded for five specimens. Oviducal gland dissection revealed live sperm >4 months
after the last recorded copulation. Skin decolouration and putrefaction of arm tips followed by autophagy
of rotten tissue was a common sign of senescence, except for the male´s hectocotylus that remained fully
functional. Males grew bigger (9.6-14.6 kg) and lived longer (d796-829) than females (7.2-10.1 kg, d560638), the largest and oldest specimens ever recorded in captivity.
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Oral 6.8.
Scoring the zoonotic parasite risk in some commercially-valuable cephalopod
species
Ángel F. González ORCID iD, Helena Rodríguez ORCID iD, Andrea Ramilo ORCID iD, Lara GarcíaAlves ORCID iD, Santiago Pascual ORCID iD
Instituto de Investigaciones Marinas, Vigo, Spain

Abstract
We have used a certified Community Trade Mark (FPR Standard) to rank the exposure to the risk by the
presence of anisakids in 1702 individuals of eight cephalopod species (Dosidicus gigas, Illex argentinus, Illex
illecebrosus, Doriteuthis gahi, Octopus vulgaris, Sepia officinalis, Sepia pharaonis and Urotheuthis duvaucellii) from
six different fishing grounds. Individuals vere examined to detect zoonotic nematodes by the UV-Press
method, which has been proved as highly efficient for anisakids detection. Morphometric data, results of
visual inspection for parasites, as well as the parasitation data were also obtained and results introduced
in the Biobank platform of the IIM-CSIC. Demographic values of infection were also calculated. The
method for determining the risk for anisakids was the scoring system approach, for the parasite predictive
assessment of fish lots, and adapted to frozen samples and to cephalopods. Results were translated to the
FPR Standard, which allows the classification of the cephalopod lots into five categories: poor, fair, good,
very good and excellent. I. argentinus, I. illecebrosus, D. gahi and O. vulgaris gave a positive result for anisakid
parasitation, althoug it was only visceral in D. gahi. Muscular parasitation was only detected in both Illex
species and in O. vulgaris from NE Atlantic, but it has a very low prevalence. These cephalopod species
reached the category of VERY GOOD in the FPR Standard. The other examined species reached the
category of EXCELLENT, as no muscular parasitation was detected. Data showed that the risk due to
zoonotic nematodes could be consider negligible in cephalopods.
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Oral 6.9.
Does the shape of coleoid beaks bear an ecological signal?
Marjorie Roscian ORCID iD1,2, Anthony Herrel2, Raphaël Cornette3, Vincent Fernandez4, Isabelle
Kruta1, Paul Zaharias5, Yves Cherel6, Isabelle Rouget1
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Biologiques de Chizé, Villiers-en-Bois, France

Abstract
Cephalopod beaks provide critical information in understanding cephalopod biology, their ecology and
their role in marine ecosystems. Although mandible shape has been shown to be adaptive in many
vertebrate taxa, coleoid beak shape and its possible relationships with trophic ecology and habitat use has
never been investigated. This is partly due to the consensus that the diet of coleoids is not diversified
enough for the beaks to reflect dietary adaptations. More recently, studies have proposed that the beaks
of paralarvae of octopods, argonauts, and some squid show features that may facilitate prey ingestion, and
that the diet varies during the life cycle, ranging from detritivory in paralarvae to carnivory in adults in
some ommastrephid species. This suggests that the debate on the possible adaptive signal in cephalopod
beaks should be revisited. Here, we investigated whether variation in cephalopod beak shape reflects
ecology and/or, is driven by phylogenetic relatedness. We imaged 101 lower and 108 upper beaks in 3D
belonging to 75 species of octopods and squids. Morphometric analysis shows that there is a significant
but only moderate phylogenetic signal. Comparative, phylogenetically informed, analyses demonstrate
that beak shape is also driven by ecology. We detected significant differences in beak shape between
species inhabiting different habitats (pelagic, benthic, or demersal) and of different trophic levels. These
results provide new insights into the drivers of beak shape diversity in coleoids and suggest that beak
shape has evolved adaptively in relation to diet and habitat use.
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Oral 6.10.
On the importance of fine scale analyses in cephalopod population studies
Jean-Paul Robin ORCID iD1, Graham J. Pierce2, Anne Marie Power3, Ana Moreno4, Daniel Oesterwind5,
Vladimir Laptikhovsky6, Marina Santurtún7
1

Université de Caen Normandie, UMR BOREA, Caen, France. 2Departamento de Ecología y Recursos
Marinos, Instituto de Investigaciones Marinas (Consejo Superior de Investigaciones Cientificas),, Vigo,
Spain. 3Ryan Institute, School of Natural Sciences, National University of Ireland Galway, Galway,
Ireland. 4IPMA, Lisbon, Portugal. 5Thünen-Institut, Federal Research Institute for Rural Areas, Forestry
and Fisheries,, Rostock, Germany. 6CEFAS, Lowestoft, United Kingdom. 7AZTI-Tecnalia, Sukkarieta,
Spain

Abstract
Because cephalopods in the Northeast Atlantic have long been considered as minor commercial resources
data acquisition is often scanty and fisheries scientists are tempted to apply DLS (Data Limited Stocks)
methods to these stocks. However, progress made in the understanding of cephalopod population
dynamics or of their role in the ecosystem reveals that cephalopod population assessment is data
demanding. Each progress, from the adaptation of Leslie-DeLury methods to its generalized version
required data at a finer temporal resolution than in most fin fish stock assessments. The difficulty and
huge effort in obtaining finer scale information on a routine basis has led to some approaches being
abandoned (like age-based methods). The ecosystem approach also requires a better integration of
cephalopods in trophic models and accurate diet data. The challenges that we are facing with possible
spatial distribution shifts or the need to understand the consequences of local dynamic fishing pressure
are not likely detected by DLS tools and will also require data at a fine spatial and temporal scale.
Examples such as "the September 2017 cuttlefish rush in the Southwest of England" or the interaction
between small-scale and large-scale fisheries, underline the difficulties in estimating the level of fishing
mortality in short-lived migrating populations. Recent diagnostics about large management units assessed
on an annual basis do not confirm fishers’ observations.
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Oral 6.11.
Penguins, albatrosses, seals as bio-indicators of Southern Ocean cephalopods
under a climate change context
José C Xavier1,2, José Abreu1, Filipe Ceia1, Gustavo Daneri3, Hugo Guímaro1, Vitor H Paiva1, José
Queirós1, Yves Cherel4, Richard A. Phillips2
1
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Abstract
Ecological Information on Southern Ocean cephalopods is mostly obtained from the diets of
predators (Xavier & Cherel 2021). In this presentation, we review the most recent scientific evidence on
Antarctic cephalopods through their predators in a region that has been exhibiting considerable
changes (Rintoul et al. 2018, Gutt et al. 2021). From a spatial perspective, by getting together > 4000
individual animal tracks from 17 bird/marine mammal species, areas of ecological significance where
these predators forage were identified (Hindell et al. 2020). From a temporal perspective, Antarctic fur
seals showed that, in years of unusually warm oceanographic conditions, the squid Slosarczykovia
circumantarctica increased in numbers in their diet associated to an offshore foraging strategy (Abreu et al.
2019). Southern American Sea lions can also provide new insights of the relevance of cephalopods in
shelf marine ecosystems (Bustos et al. 2019). Penguins also exhibit different habitat and trophic levels
according to different oceanographic and prey conditions (Xavier et al. 2018a, Chiu-Werner et al.
2019). In grey-headed albatrosses, a long-term dataset (1996-2017) showed that their breeding success was
positively related to the importance of the squid Martialia hyadesi and negatively to the importance of the
squid Galiteuthis glacialis (Mills et al. 2020). Additionally, a brief note on conclusions of the CIAC 2022
workshop on cephalopod beaks will also be made. Such research have policy implications in conservation
measures (Hughes et al. 2018), and also have been used in education and outreach initiatives (Xavier et
al. 2018b, Roop et al. 2019).
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Oral 6.12.
Survey of cirrate octopod diversity and description of cirrate egg-coral
associations from ROV videos
Abigail M Pratt ORCID iD1, Lauren Walling2, Scott C France3
1

Southern Illinois University, Carbodale, USA. 2University of South Florida, Tampa, USA. 3University
of Louisiana, Lafayette, USA

Abstract
Cirrate octopods are among the dominant cephalopods in the deep-sea, but much of what we know about
these species is the result of specimens caught in trawls, so we lack context about habitat and life history.
Cirrate reproduction differs from that of other octopods, in that they have been reported to deposit eggs
individually on a substrate with no subsequent brooding behavior observed. Cirrate eggs have been
recorded attached to octocorals and perhaps sponges. In this study, we have compiled observations from
museum collections, ROV video observations from the NOAA Okeanos Explorer program, and records
from the Ocean Biogeographic Information System (OBIS) to determine the cirrate octopod species
assemblage in the western North Atlantic. In addition to the local North Atlantic diversity study, we
characterized the presence of cirrate eggs on corals in the western North Atlantic and Central/Eastern
Pacific using observations of eggs from Okeanos Explorer ROV videos. Only 21 individual eggs were
observed; 20 were deposited on 15 octocoral colonies, and one on a black coral (Hexacorallia). Most of
the observations were on colonies with a strongly calcified skeleton and a very thin coenenchyma, the
tissue covering the skeleton between polyps, exhibited most notably in the family Chrysogorgiidae.
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Oral 6.13.
Examining the diets of deep-sea cephalopods from the northern Gulf of Mexico
using a metabarcoding approach
Heather Judkins1, Michael Vecchione2
1
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Abstract
Cephalopods are integral to the trophic dynamics of the open ocean and midwater column. They are
well known as prey of predators such as marine mammals, fishes, and birds from techniques such as visual
stomach content analysis to identify cephalopod beaks and parts ingested. However, there is very little
information related to the specific prey of deep-sea cephalopods. Most studies identify only broad
categories of prey items (e.g. crustaceans, fishes). Cephalopods have a beak-like mouth with radula they
use to break down food and when it’s passed to the stomach, there are very few, if any distinguishable
parts for prey species identification. The DEEPEND/RESTORE Program has conducted multiple cruises
in the Gulf of Mexico where deep-sea cephalopods were collected. We are using stomach contents from
40 midwater squid and pelagic octopod stomachs (2018- present) for a gut-content metabarcoding project
to identify prey species using the Cytochrome c Oxidase I gene (COI) for specific identification. Species
include Japetella diaphana, Vampyroteuthis infernalis, Mastigoteuthis agassizi, Ornithoteuthis antillarum, and
Pterygioteuthids among others. Results from the ongoing project will be presented to highlight the utility
of the method for determination of the variety of specific prey items cephalopod species ingest in the
northern Gulf of Mexico.
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Oral 6.14.
Ontogenetic changes in statolith δ13C values of Sepioteuthis lessoniana: an
evaluation for metabolic proxy
Chun-I Chiang1, Ming-Tsung Chung2, Jen-Chieh Shiao3, Pei-Ling Wang3, Chia-Hui Wang1,4
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Abstract
Studying the metabolic ecology of organisms is a fundamental step for understanding their physiological
mechanisms and responses to environmental change. In recent years, stable carbon isotope (δ13C) values
of biogenic carbonates are experimentally validated as a potential metabolic proxy for teleost fishes and
cephalopods. Here, we analyzed δ13C values in statolith carbonates of Sepioteuthis lessoniana and evaluated
the potential of δ13C metabolic proxy with the values from the core to the edge of statolith. The δ13C
values changed with ontogeny and varied with metabolism-related factors, such as experienced
temperature (deduced by statolith δ18O values), estimated body weight and growth rate (estimated by
statolith increment width). Moreover, we estimated the proportion of metabolically derived carbon
deposited on the statolith (Cresp). The Cresp values in adult S. lessoniana ranged between 0.56 and 0.75,
suggesting a relatively higher level of metabolic rate even compared to the reported values in various
cephalopod and teleost species. It is possibly due to overwintering movement, high feeding rate and
energy consummation during reproductive period. Our study evaluated the metabolic performance of
free-ranging wild cephalopod and provided additional information on δ13C values in biogenic carbonates,
which is essential for the further development of stable carbon isotope values to study metabolic ecology
in cephalopods.
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Oral 6.15.
Lifestyles of the species-rich and famous: Sleuthing ancient cephalopoddominated ecosystem shifts with fluid dynamics
Kathleen A. Ritterbush ORCID iD1, Nicholas Hebdon ORCID iD1,2, YunJi Choi1, David Peterman
ORCID iD1
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Abstract
When dinosaurs ruled the land, cephalopods ruled the seas. With fossils of their conchs known from
every continent, ammonoid cephalopods record dramatic booms-and-busts in global abundance, diversity,
and shape variety. We present ecological reconstructions of these ancient seas by integrating new
computational fluid dynamics simulations and jet-propulsion trajectory models. Across this emerging
body of work, a few themes stand out. First, new 3D modeling systems let us cross-check simulation and
experimental methods, fostering repeatability and transference. Second, thorough analyses reject historic
interpretations that had cast certain conch morphotypes as inferior, maladaptive, or incapable of jetpropelled swimming. Third, the animals’ management of laminar-to-transient fluid flow regime (via conch
structure, jet action, or both) appears far more critical than traditional notions of speed-efficiency tradeoffs. We showcase these results within three intervals of ancient cephalopod-dominated ecosystems: The
Late Devonian (372 Ma); Early Jurassic (200 Ma); and the Late Cretaceous (66 Ma). At the broadest level,
and with an eye on cephalopods gaining importance in modern ecosystems and human food supplies, we
interpret that body size and general metabolic demand are critical variables in ecosystem structure.
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Oral 7.1.
Management for sustainable cephalopod fisheries in Europe: review and
recommendations
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Abstract
Although cephalopod fisheries are of world-wide importance, in Europe catching cephalopods is managed
only in small-scale fisheries, at national level, and few stocks are formally assessed. Because cephalopods
are not quota species under the EU’s Common Fisheries Policy, there is currently no requirement for
assessment or management at European level. Given increasing interest in targeting cephalopods in
Europe, there is a risk that they will be fished unsustainably. Although there have been recent review
papers on progress in stock assessment and fishery forecasting for commercially fished cephalopods there
has been no recent review of cephalopod fishery management. We aim to fill this gap, with a particular
focus on European cephalopod fisheries.We review potential barriers to sustainable fishing and reasons
why management of cephalopod fisheries differs from that for finfish fisheries, e.g. due to the high
inherent volatility and the possibly cyclic nature of year-to-year variation in cephalopod abundance,
reflecting their short lifespan, rapid growth and high sensitivity to environmental conditions. We review
fishery management approaches in important cephalopod fisheries worldwide (e.g. in the USA, Japan,
Falklands, South Africa, Australia and Russia) and current management of small-scale cephalopod
fisheries in Europe. We identify knowledge gaps and limitations to current monitoring programmes and
stock assessments and discuss the options available for cephalopod fishery management in Europe,
considering the suitability or otherwise of catch and effort limits, use of closed areas and seasons,
restrictions on sizes caught and types of fishing gear, and the ole of market-based sustainability pathways.
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11.00

Oral 7.2.
New biogeochemical tools to track the provenance of octopuses
Zoe Doubleday ORCID iD1, Jasmin Martino1,2, Divya Daryanani1, Patricia Gadd2, Debashish Mazumder2,
Clive Trueman3
1

University of South Australia, Adelaide, Australia. 2Australian Nuclear Science and Technology
Organisation, Sydney, Australia. 3University of Southampton, Southampton, United Kingdom

Abstract
Growing interest in octopus fisheries is increasing the need to develop practical methods to track the
geographical origins (provenance) of individuals. Identifying the provenance of harvested octopus helps
protect octopus fisheries and businesses against seafood fraud and supports sustainable fishing practices.
Here we present the results from two recently published studies focused on the Australasian region. These
studies analysed natural chemical markers found within both the muscle tissue and calcium carbonate
structures (statoliths) of octopus. In each study, octopus were classified back to their collection location
with a high degree of accuracy. Finally, through the application of geochemical markers, we discuss a third
ongoing project focused on developing a globally relevant framework for tracking the provenance of
cephalopods and other seafood taxa.
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Oral 7.3.
Evaluating the impacts of short-lived eddies on abundance and distribution of
jumbo flying squid in the Eastern Equatorial Pacific Ocean
Wei Yu ORCID iD, Xingnan Fang
Shanghai Ocean University, Shanghai, China

Abstract
Based on the fisheries data of Dosidicus gigas and important environmental factors including sea surface
temperature (SST), vertical water temperature structure, currents and chlorophyll-a (Chl-a), the eddies
characteristics in the Eastern Equatorial Pacific waters during April-June 2017 were clarified based on
geometrical characteristics with the flow field. The influence mechanism of eddy on the biophysical
environment as well as D.gigas abundance and distribution were explored. Results indicated that the eddy
lifetime was relatively short with only three eddies surviving for more than two weeks. The number of
eddies in each month showed the similar variability trend with the monthly average catch-per-unit-effort
(CPUE) of D.gigas. Taking two eddies with longer lifetime (more than two weeks) as examples, it revealed
that the environments around the eddies significantly changed. When the eddy generated for 8-10 days,
SST and vertical temperature gradually decreased, while Chl-a significantly increased. At the same time,
the habitat quality of D.gigas gradually increased, and the gravity center of the fishing ground was
consistent with the movement of the eddy. It was speculated that the eddy-induced Ekman pumping led
to the transportation of deep waters with rich nutrients into the euphotic layer, promoted the
reproduction of bait organisms and yielded favorable water temperature conditions for D.gigas. These
environmental changes was conducive to the formation of high-quality habitats, increased D.gigas
abundance and the catch, and drove the shift of the gravity centers of fishing ground with the eddy. Our
findings suggested that the eddy activities yielded significant impacts on D.gigas stock.
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Oral 7.4.
Behavior of the neon flying squid Ommastrephes bartramii inferred by
environmental DNA analysis
Yoshiki Kato1, Aya Yamazaki2, Toshiaki Shitamitsu1, Hajime Miyahara1, Daichi Suzuki1, Shouta Suzuki2,
Tatsuki Oshima1, Akihide Kasai2
1

Fisheries Research and Education agency, Yokohama, Japan. 2Hokkaido university, Hakodate, Japan

Abstract
The neon flying squid, Ommastrephes bartramii, is widespread in subtropical and temperate regions. This
economically important oceanic squid species has been harvested commercially in Japan since 1974.
Japanese squid jigging vessels typically employ overhead lights to illuminate the water and attract squid,
which then congregate in the shaded area beneath the boat. The belief among fishermen that catch is bad
on full moon nights was corroborated by a statistical analysis of our survey data. It was previously
considered that the reason why few squid were caught on full-moon nights was because the light from the
moon reduced the effectiveness of fishing lights for attracting the squid. However, the tendency for low
squid catches during the full moon was observed irrespective of whether conditions were cloudy and dark
or clear and bright. We therefore used environmental DNA (eDNA) to clarify the relationship between
squid catch and the concentration of neon flying squid eDNA in the water on full-moon nights. The
results showed that there was an inverse relationship between the concentration of neon flying
squid eDNA in the vicinity of the boat and the catch size on full-moon nights, i.e., there was a
tendency for catches to be small even when the concentration of squid of eDNA in the vicinity of the
fishing vessel was large. The findings suggest that although neon flying squid congregate under the
boat on full-moon nights, they do not respond to the lures used by fishermen due to other factors, such
as the presence of predators.
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12.00

Oral 7.5.
Synchrony between interannual cycles of the biomass and mean body size indices
of two fished squid species, Illex illecebrosus and Doryteuthis (Amerigo) pealeii,
and the Gulf Stream’s mean latitudinal positions
Lisa C. Hendrickson ORCID iD1, Avijit Gangopadhyay2, Hassan Moustahfid3
1

U.S. National Marine Fisheries Service, Woods Hole, MA, USA. 2School for Marine Science and
Technology, University of Massachusetts Dartmouth, New Bedford, MA, USA. 3NOAA/U. S. Integrated
Ocean Observing Systems, Silver Spring, MD, USA

Abstract
Interannual squid biomass indices are highly variable due to strong environmental influences on their
population dynamics, making underlying stock size trends difficult to detect. We addressed this problem
using autoregressive spectral analysis to identify interannual periodicities in research survey biomass and
mean body size indices, during 1993-2016, for two fished squid species with opposing life histories.
Spectral signatures of the survey indices were compared with those of the Gulf Stream’s (GS) mean
latitudinal positions, at six longitudes, to identify any synchronicities. The broader-ranging, nerito-oceanic
species, Illex illecebrosus, supports fisheries near the USA and Scotian Shelf (SS) edges and inshore
Newfoundland but spawns on the southern U.S. shelf edge where the GS purportedly transports its
pelagic egg masses northeastward. Doryteuthis (Amerigo) pealeii is fished on the U.S. shelf and attaches its
egg masses to the seabed. Illex biomass or mean body size indices for all three fishery regions shared a 34-year periodicity with latitudinal positions along the highly variable eastern GS segment. US and SS
survey indices exhibited additional 2-3-year periodicities that were synchronous with those of the GS path
excursions along the western GS segment spanning the US fishery region. Illex biomass indices for the SS
and Newfoundland decreased but Doryteuthis biomass indices increased with northward displacements of
the GS. Unlike Illex, Doryteuthis biomass and mean body size periodicities varied by season, likely a result
of the major seasonal changes in environmental conditions that its sessile embryos are subjected to on
the US shelf. Implications of these findings will presented.
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12.15

Oral 7.6.
Comprehensive seafood traceability and sustainability using octopus as a model
Ian G Gleadall ORCID iD1, Warwick H.H. Sauer2, Cheryl L Ames3, Roberto González-Gómez4, Piedad
S Morillo-Velarde4, Hassan Moustahfid5, Cristina B Pita6, Katina Roumbedakis6,7, Paul W Shaw8, Demian
A Willette9
1

AiCeph LLC, Sendai, Japan. 2Rhodes University, Grahamstown, South Africa. 3Tohoku University,
Sendai, Japan. 4Instituto Español de Oceanografía, Centro Oceanográfico de Murcia (IEO-CSIC), San
Pedro del Pinatar, Spain. 5NOAA/IOOS, Washington DC, USA. 6University of Aveiro, Aveiro, Portugal.
7
University of Santiago de Compostela, Santiago de Compostela, Spain. 8Aberystwyth University,
Aberystwyth, Wales, United Kingdom. 9Loyola Marymount University, Los Angeles, USA

Abstract
A recent review of the world’s octopus fisheries highlighted a number of challenges in managing these
fisheries. Many species (exported or sold locally) are not identified to species level and there is uncertainty
around the source of much of the octopus on world markets. Given the importance of octopus, with
increasing catches in areas such as the Western Indian Ocean, it is imperative that traceability systems are
produced that can assist in local, regional and global management of octopus fisheries. A project was
initiated in October 2021, funded through the US National Science Foundation, which aims to develop
such a traceability system. There are three specific objectives. (1) Develop a prototype traceability system
which allows affordable identification of species and area of capture for wild octopus fisheries within the
USA and abroad (based around ‘SeaTraceBlueNet’: a machine-learning model trained on legacy data,
environmental metadata, species occurrence and images). (2) Develop a community-based citizen-science
network (fishers, researchers, industry partners and other stakeholders) who will (a) gather new images,
metadata and environmental DNA (eDNA), (b) train on and test portable eDNA kits and a dashboard
prototype app of SeaTraceBlueNet to (c) build the collaborative capacity to establish a standardized
traceability system. (3) Set up a system to connect traceability, sustainability and legality to support the
development of a blue economy around the octopus value chain, incorporating the best practices and
existing standards from stakeholders. We discuss the progress made and the challenges faced during the
first phase of the project.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

84

12.30

Oral 7.7.
SSF Hub Global Octopus Network: Connecting stakeholders worldwide
Cristina Pita ORCID iD1,2, Katina Roumbedakis ORCID iD3,2, Charlie Gough4, Carlito Turner5
1

International Institute for Environment and Development (IIED), London, United Kingdom. 2CESAM
- Centre for Environmental and Marine Studies, Department of Environment and Planning, University
of Aveiro, Aveiro, Portugal. 3Cross-Research in Environmental Technologies (CRETUS), Department of
Applied Economics, University of Santiago de Compostela, Santiago de Compostela, Spain. 4Blue
Ventures, London, United Kingdom. 5Environmental Defense Fund (EDF), San Francisco, USA

Abstract
In many parts of the world, small-scale fisheries (SSF) targeting octopus are of considerable socioeconomic importance, contributing to alleviate poverty and providing employment, food security and
nutrition for local coastal communities. Despite the high importance of octopus fisheries worldwide,
there are major gaps in knowledge and challenges in these fisheries. The Global Octopus Network, a
public group on the SSF Hub website (https://ssfhub.org/group/24/stream), was created with the aim
to facilitate the exchange of information, share lessons learned and successful practices, answer questions,
and address challenges. This group is a collaborative space to stimulate discussion, share ideas and
connect octopus SSF stakeholders (i.e., fishers, fish workers, fisher and community leaders, as well as
scientists, non-governmental organizations, and government practitioners) from around the globe. The
main topics of interest of the Global Octopus Network Group include, but are not limited to, markets
and value chains, evaluations and assessment methods, co-management and management strategies,
illegal, unreported and unregulated fishing activity (IUU), fisher experiences and advocacy, impact of and
resilience to shocks (e.g., to climate change and COVID-19). We will present the result of a survey focused
on octopus fisheries carried out through the hub, mapping octopus fisheries around the globe, their
importance, management, markets and challenges they face.
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14.00

Oral 7.8.
Consumer preferences for cephalopods: A comparative study across the
European Union
Cristina Pita ORCID iD1,2, Katina Roumbedakis1,3, Tereza Fonseca1, Isidora Katara4
1

Centre for Environmental and Marine Studies (CESAM), Department of Environment and Planning,
University of Aveiro, Aveiro, Portugal. 2International Institute for Environment and Development
(IIED), London, United Kingdom. 3Cross-Research in Environmental Technologies (CRETUS),
Department of Applied Economics, University of Santiago de Compostela, Santiago de Compostela,
Spain. 4Centre for Environment, Fisheries and Aquaculture (CEFAS), Lowestoft, United Kingdom

Abstract
The European Union (EU) is one of the largest consumer markets of fisheries products worldwide with
an average seafood consumption of 25.1 kg per capita. The EU is also one of the most important markets
in the world for cephalopods (octopus, squid and cuttlefish); in southern Europe, cephalopods are
consumed as part of the traditional diet. EU consumers are increasingly concerned about sustainability
and market-based initiatives are becoming popular tools to improve sustainability and increase market
value. We identified 53 market-based initiatives for cephalopods globally, including Marine Stewardship
Council certification, the Good Fish Guide (Marine Conservation Society), Seafood Watch (Monterey
Bay Aquarium). Ocean Wise Seafood and cephalopod fisheries taking part in Fishery Improvement
Projects (FIPs). We will present results from an online consumer survey, carried out between December
2019 and January 2020 in 7 EU countries with varying cultural habits of cephalopods consumption (Italy,
France, Spain, Portugal, Ireland, UK, Germany). The survey collected information from 3517 consumers
about their consumption habits, perceptions and preferences for sustainability and social responsibility,
amongst others. The Spanish, Portuguese and Italians report consuming cephalopods frequently, and
mostly domestically (at home or restaurants in their own country). The majority of British, German and
Irish consumers have never consumed cephalopods; sporadic consumption takes place during holidays.
The paper will employ multivariate analysis to identify which socio-demographic factors and
environmental and ethical attitudes affect consumption in the surveyed countries.
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Oral 7.9.
OctoBUC - Multidisciplinary study on the octopus (Octopus vulgaris) trap
fisheries: Bait effectiveness, residence times, catch rates and bycatch.
Juan C. Capaz ORCID iD1, Mafalda Rangel ORCID iD1, David Piló ORCID iD2,1, Sofia Alexandre
ORCID iD1, João Pontes ORCID iD1, Luís Bentes ORCID iD1, Rita Sá3, Nuno Barros ORCID iD3,
Carlito Turner ORCID iD4, Pamela Ruiter4, Tereza Fonseca ORCID iD4,5, Rod Fujita4, Ana Moreno
ORCID iD6, João Pereira7,6, Miguel B. Gaspar ORCID iD2,1, Jorge M. S. Gonçalves ORCID iD1
1

CCMAR - Centre of Marine Sciences, Faro, Portugal. 2 IPMA - Portuguese Institute for the Sea and
Atmosphere, Olhão, Portugal. 3 ANP|WWF - Associação Natureza Portugal in association with WWF,
Lisboa, Portugal. 4 EDF - Environmental Defense Fund, San Francisco, USA. 5 CESAM - Centre for
Environmental Studies and Marine Studies, Aveiro, Portugal. 6 IPMA - Portuguese Institute for the Sea
and Atmosphere, Lisboa, Portugal. 7 DGRM - Direção-Geral de Recursos Naturais, Segurança e Serviços
Marítimos, Lisboa, Portugal

Abstract
In a multidisciplinary approach, contributing to new biological, behavioural and fisheries knowledge of
the common octopus (Octopus vulgaris) in the Algarve coast, this PhD thesis focus on the need to
optimize the octopus trap fishing sector performance. Octopuses are difficult to manage due to short life
span, solitaire life, variable natural behaviour, rapid growth and high natural mortality, resulting in
seasonal fluctuations in abundance and subsequent landing, therefore, applying an ecological vision and
a multidisciplinary approach is mandatory to our study. Trap effectiveness and baits attraction will be
assessed by sea and captive video recording, and subsequent behaviour and residence time analysis.
Onboard commercial vessels, catch rates annual distribution by sex and size/weight will be estimated, but
also the associated bycatch. Integrative analysis based on ethological and behaviour comprehension will
aim for quantitative and qualitative results over this resource management. Expected results includes new
achievements on preferential feeding behaviours in different habitats and seasons through baited trap
cameras sea campaigns. New methodological practices to improve telemetric transponders implantation
and animal welfare captive recovery conditions will be tested for best potential performance/retention
achievement, assuring future reliable applicability in captive and wild scientific research studies. The
limited number of publications on this subject emphasize the relevance of OctoBUC doctoral plan and
the ParticiPESCA Project, intending to experimentally analyze, in captivity and at sea, some octopus
behavioral aspects that may influence the fishing action, to obtain useful answers for researchers and
fisherman about this high commercial value natural resource.
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14.30

Oral 7.10.
Information gaps on the octopus trap and pot ‘fishery: what have we been
missing?
David Piló ORCID iD1,2, Mafalda Rangel ORCID iD2, João Pontes ORCID iD2, Sofia Alexandre ORCID
iD2, Luís Bentes ORCID iD2, Juan Capaz ORCID iD2, Tereza Fonseca ORCID iD3,4, Carlito Turner3,
Pamela Ruiter3, Rod Fujita3, Nuno Barros5, Rita Sá5, Ana Moreno ORCID iD6, Jorge M.S. Gonçalves
ORCID iD7, Miguel B. Gaspar ORCID iD8
1

Portuguese Institute for Sea and Atmosphere (IPMA), Olhão, Portugal. 2Centre of Marine Sciences
(CCMAR), Faro, Portugal. 3Environmental Defense Fund (EDF), San Francisco, USA. 4Centre for
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in association with WWF (ANP|WWF ), Lisboa, Portugal. 6Portuguese Institute for the Sea and
Atmosphere (IPMA), Lisboa, Portugal. 7Centre of Marine Sciences, Faro, Portugal. 8Portuguese Institute
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Abstract
An important octopus trap and pot fishery fleet is based at the Algarve (south Portugal), where octopus
is the most important landed species, both in terms of quantity and value. Despite the available
information on catches, first sale auction data and octopus biology (e.g. weight-length relation, sex-ratio
and maturity stage), this is a data-limited fishery and there is still an important information gap on several
aspects of this fishery and on the resource biological patterns. Therefore, within ParticiPESCA project,
an intensive sampling programme was carried out onboard the Algarve octopus’ fleet, to collect
information regarding geo-location of fishing operations, gear-related catch data, unwanted catches, and
onboard fishing practices. Furthermore, the bycatch/discard species were also identified and studied to
gather information on the species composition of the catch, and to evaluate its role on the octopus’ catchrelated behaviour. This study will be complemented with data from real time tracking devices
implemented in 60 volunteer fishing vessels during this project. First sale auction data will also be
incorporated in the dataset. Results will enhance and promote knowledge of this important fleet and of
the resource. Considering the particular biological and behavioural features of this species, this innovative
integration of several sources of data is crucial to characterize such a fishery and to provide the necessary
information to improve this fishery’s knowledge. Furthermore, this study will contribute to a better
monitoring and assessment of the resource and fishery, and, ultimately, increase the effectiveness of comanagement and enhance the sustainability of this activity.
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Oral 7.11.
ParticiPESCA: co-management of the Algarve trap and pot octopus’ fishery
Mafalda Rangel ORCID iD1, David Piló ORCID iD2,1, Sofia Alexandre ORCID iD1, João Pontes ORCID
iD1, Luís Bentes ORCID iD1, Juan Capaz ORCID iD1, Rita Sá3, Nuno Barros ORCID iD3, Carlito Turner
ORCID iD4, Pamela Ruiter4, Tereza Fonseca ORCID iD4,5, Rod Fujita4, Ana Moreno ORCID iD6,
Miguel B Gaspar ORCID iD2,1, Jorge MS Gonçalves ORCID iD1
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Lisbon, Portugal. 4EDF - Environmental Defense Fund, San Francisco, USA. 5CESAM - Centre for
Environmental Studies and Marine Studies, Aveiro, Portugal. 6IPMA - Portuguese Institute for the Sea
and Atmosphere, Lisbon, Portugal

Abstract
The common octopus (Octopus vulgaris) trap and pot fishery is an important small-scale fishery of the
Algarve, (southern Portugal). In Portugal this fishery is managed by a top-down approach, contributing to
low satisfaction and lack of compliance with regulations. The ParticiPESCA project aims at developing a
co-management approach for this fishery using a participatory approach involving different stakeholders
on several actions: implementation and management of a co-management committee; resource and
fishery monitoring; fishers´ empowerment; resource valuing; strengthening surveillance and monitoring
of the fishery; fishing innovation; networking, communication, and dissemination. After identification
and engagement of all stakeholders (fishing associations, authorities, research institutions, NGOs, etc), a
Science Advisory Group (SAG) involving experts from different fields of research was established to advise
on this activity’s management. To monitor and obtain relevant information on the resource and fleet
activity, an onboard sampling and monitoring campaign is being developed, and a group of 60
volunteer vessels was equipped with real-time tracking devices. The FISHE (Framework for Integrated
Stock and Habitat Evaluation) methodology was selected as a tool to provide advice for the development
of the management plan. The extended working group which will work on the co-management plan will
be established by the end of 2021, setting the basis for the definition of the formal co-management
committee. The final goal of the ParticiPESCA project is to contribute to the sustainability of the octopus’
fishery in the Algarve through an innovative co-management approach, allowing for a paradigm shift of
the Portuguese fisheries management schemes.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

89

Session 8 – Culture, Welfare and Other Topics
Friday, April 8, 2022

15.00

Oral 8.1.
Developing the hummingbird bobtail squid, Euprymna berryi, into a genetic
model system for research
Bret Grasse
Marine Biological Laboratory, Woods Hole, USA

Abstract
Genetically tractable model organisms have been used for years to better understand a variety of scientific
principles such as organogenesis, chemical genetics, symbiotic relationships, and human health, among
others. Their use in science is foundational and for a model to be generally useful it should possess
specific characteristics such as robust embryos, a short generation time, high fecundity, amenability to lab
culture through multiple generations, and a fully-sequenced genome. The Hummingbird bobtail squid,
Euprymna berryi, processes all these requirements and has proven to be an ideal laboratory species for a
wide variety of research applications, including genome editing with CRISPR-Cas9. This talk will
highlight the biology and culture of this species, as well as the Marine Biological Laboratory’s founding
efforts, in collaboration with the Okinawa Institute of Science and Technology, to create the world’s first
genetically tractable cephalopod model system.
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Oral 8.2.
The lesser Pacific striped octopus as an emerging model organism:
multigenerational reproduction of Octopus chierchiae in a laboratory setting
Anik G Grearson ORCID iD1, Alison Dugan1, Taylor Sakmar1, Gül Dölen2, David H Gire ORCID iD3,
Dominic M Sivitilli3, Cristopher M Niell4, Roy L Caldwell ORCID iD5, Z Yan Wang ORCID iD3,6, Bret
Grasse ORCID iD1
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University of Washington, Seattle, USA. 4University of Oregon, Eugene, USA. 5University of
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3

Abstract
Unlike most species of octopuses, the lesser Pacific striped octopus, Octopus chierchiae, is iteroparous and
can mate multiple times before dying. However, their elusive nature in the ocean has made their behaviors
and life history challenging to study. Here, we present data on the reproductive patterns and survivorship
of O. chierchiae in a laboratory setting. Through the pioneering efforts and collaboration of scientists at
the Marine Biological Laboratory, we successfully cultured O. chierchiae across the life cycle via a low-cost,
scalable mariculture platform that enabled laboratory breeding and rearing of multiple generations of
octopuses. We report short time to sexual maturity and predictable reproductive patterns in O. chierchiae,
making this species an advantageous model organism for laboratory culture research. Our findings
represent a long overdue advancement in the understanding of octopus reproduction and life history,
and our study readily enables others to implement O. chierchiae in diverse research programs.
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Oral 8.3.
Characterization of symbiotic bacteria found in a female reproductive organ of
multiple cephalopod species
Nidhi Vijayan1, Sarah McAnulty1, Allison Kerwin2, Jeff Jolly3, Daniel Rokhsar3, Yuzuru Ikeda4, Blake
Spady5, Elodie Reveillac6, Camino Gestal7, Michele Nishiguchi8, Spencer Nyholm1
1

University of Connecticut, Storrs, USA. 2McDaniel College, Westminster, USA. 3Okinawa Institute of
Science and Technology, Okinawa, Japan. 4University of Ryukyus, Ryukyus, Japan. 5James Cook
University, Townsville, Australia. 6INRA, La Rochelle, France. 7Institute of Marine Research, Vigo, Spain.
8
University of California Merced, Merced, USA

Abstract
Animals often recruit symbiotic bacteria that are used for digestion, defense, and/or development. Many
female decapod cephalopods possess a reproductive organ called the accessory nidamental gland (ANG),
which hosts a consortium of bacteria that is acquired from the environment. Bacteria from the ANG are
transferred to egg jelly coats where they are hypothesized to provide protection against fouling and
pathogenic microorganisms. Bacteria from the ANG of some cephalopod species also have demonstrated
antimicrobial activity against bacteria and fungi. To understand the geographic and taxonomic
distribution of ANG symbionts among cephalopods, we characterized the ANG microbiome from eleven
species of squid and cuttlefish from four families that include Sepiolidae, Loliginidae, Idiospiidae, and
Sepiidae and span seven different geographic locations. Sequencing and analysis of the V4 region of the
16S ribosomal gene revealed that the ANG microbiomes of the four different cephalopod families were
significantly different (p < 0.001). However, members of the Sepiolidae and Idiosepiidae that were
collected from five distinct geographic regions had similar ANG microbiomes consisting of bacteria from
the Class Verrucomicrobiae, Alphaproteobacteria and Gammaproteobacteria. Similar ANG communities
shared among these cephalopod groups may indicate a conserved antimicrobial function involved with
egg defense. Understanding ANG bacterial diversity will also assist with the development of tractable
cephalopod species that can be used as model organisms to study host-microbe interactions.
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Oral 8.4.
Anatomy and morphology of the Nautilus feeding system
Louise Souquet1, Anthony Herrel2, Isabelle Kruta3, Isabelle Rouget3
1

University College London - MechEng, London, United Kingdom. 2Muséum National d’Histoire
Naturelle - MECADEV, Paris, France. 3Muséum National d’Histoire Naturelle - CR2P, Paris, France

Abstract
Among cephalopods, Nautilus have been popularized as “living fossils”, suggesting that they remained
almost unchanged over the past 400 million years. The relevance of their feeding apparatus to our
understanding of their biology and ecology has been overlooked due to this widespread misconception.
Consisting of two jaws reinforced by a calcified tip, their beak is unique among cephalopods. The tip of
the upper jaws, called rhyncholite, is abundant in the fossil record. Therefore, the Nautilus feeding system
may inform us about their feeding behaviour and evolution. Here, we thoroughly analyse the buccal mass
of three different Nautilus species: Nautilus pompilius, N. macromphalus, and Allonautilus scrobiculatus. We
describe their masticatory muscles anatomy based on 3D virtual dissections, and quantify their jaw and
rhyncholite morphology with 3D geometric morphometrics. We observe a muscle architecture that is
different from that of other cephalopods and an unsuspected rhyncholite diversity with a significant
difference in shape between N. pompilius and N. macromphalus. In contrast the chitinous jaw shape appears
conserved across species. Rhyncholite morphology can be considered as a taxonomic character in addition
to shell shape and hood texture. Our results also suggest a possible link between rhyncholite shape and
feeding abilities.
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Poster presentations
Session 1: Behaviour

P1.1.
Testing mirror-self recognition in octopus: a pilot study
Piero Amodio ORCID iD, Graziano Fiorito
Stazione Zoologica Anton Dohrn, Napoli, Italy

Abstract
Mirror self-recognition (MSR) is a potential indicator of self-awareness. This capability has been widely
investigated among vertebrates, yet it remains largely unstudied in invertebrates. Here we report
preliminary data about the behavioural response exhibited by common octopus, Octopus vulgaris, toward
their self-reflected image and a novel procedure for marking octopus’ skin to conduct the Mark test.
Octopuses (N=8) received four familiarization trials with a mirror and four familiarization trials with a
control stimulus: a non-reflective panel (Panel group) or the sight of a conspecific housed in an adjacent
tank (Social group). Subsequently, octopuses were marked with non-toxic nail polish in correspondence
to the Frontal White Spots and received a test trial with the mirror and one control trial with no mirror.
We found that octopuses in the Panel group exhibited stronger explorative response toward the mirror
than the non-reflective panel, and agonistic response exclusively in presence of the mirror. In contrast,
octopuses in Social group exhibited comparable explorative and agonistic behaviours toward the mirror
and the sight of the conspecific. In the Mark test, octopuses frequently explored the mark through their
arms. However, mark-directed behaviours were exhibited also in absence of the mirror and by shammarked individuals (i.e., octopuses marked with transparent nail polish), thus suggesting that these
responses were driven by proprioceptive stimuli. Despite the important limitations associated with our
marking procedure, the baseline data collected in this study may facilitate the further investigation of
MSR in the octopus and other cephalopods.
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Activity cycles and Melatonin in Octopus rubescens
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Abstract
Octopus rubescens (Pacific red octopus) are an emerging laboratory species accessible in western North
America. More information about their daily activity cycles must be known to conduct well-informed
husbandry and research. Melatonin has been shown to drive circadian behavior across many species of
animals, depressing activity in diurnal animals and stimulating activity in nocturnal animals. The
concentration of melatonin in the neural tissue of octopuses varies with light, yet no experiment has
confirmed the effect of melatonin on activity in any mollusk. In this experiment we describe the daily
activity patterns of octopuses and how these patterns may be influenced by circadian melatonin rhythms.
We observed 12 octopuses over 130 days to establish that O. rubescens is nocturnal under a minimally
disturbed 12h light-dark cycle. Two species of octopuses (O. rubescens and Enteroctopus dofleini) were then
orally dosed with melatonin without adverse effects. We are dosing O. rubescens with up to up to 3200 mg
of melatonin per kilogram of body weight and then quantifying the influence melatonin has on octopus’
behavior. We demonstrated that O. rubescens is nocturnal and can be safely dosed with melatonin. I will
report on the reaction of O. rubescens to melatonin as a stimulant for activity and how activity after dosing
melatonin correlated with the concentration delivered
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Abstract
Cephalopods can detect polarized light, and some parts of their body surface (e.g. arms) reflect polarized
light. Furthermore, their skin can control the intensity of polarized reflection. Those characteristics allow
us to imagine that cephalopods use polarized reflection as visual signals for intra-specific
communication. However, no study provides conclusive evidence that polarized reflection functionally
acts as a visual signal. Andrea cuttlefish Sepia (Doratosepion) andreana has a sexual dimorphism in which
the second arms of males remarkably elongate with rounded distal tips. In this study, we observed the
reproductive behavior of Andrea cuttlefish with a polarization camera to verify whether cuttlefish use the
polarized reflection from sexually selected traits as a visual signal during reproductive behaviors.
Courtship behaviors of males were composed of many distinct behavioral elements - chasing, stroking a
female’s mantle with his second arms, and at the climax, characteristic “Elongated iridescent display” in
which males elongate whole body with bright coloration and their second arms with band pattern. Just
before the display, males released a large amount of ink behind themselves. During the display, the second
arms showed a strongly polarized band pattern, which was unique to the display. In addition, reflected
lights from two tips of the second arms were polarized at right angles to each other. Such strong withinpattern contrast would enhance the conspicuousness of the display. We discovered that cuttlefish use a
prominent polarization pattern on sexually selected traits as a dynamic signal in courtship, indicating that
polarization is an essential component of intra-specific communication.
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Inhibitory circuits in octopus arm movements
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Abstract
Octopuses have highly flexible arms whose movements are controlled by a distributed nervous system:
motor centers in the brain and, in each arm, a central axial nerve cord (ANC) and five peripheral nerve
centers comprising four intramuscular nerve cords and a sucker ganglion for each sucker. Motor control
patterns must be shaped by both excitatory and inhibitory circuits, but little is known about the function
and distribution of inhibitory neuronal circuits in cephalopods. Here, we take a molecular approach to
identify the inhibitory neurons of the Octopus bimaculoides arm. In molluscs, gamma-aminobutyric acid
(GABA), glutamate and acetylcholine act as inhibitory neurotransmitters. Glutamate decarboxylase
(GAD) and vesicular inhibitory amino acid transporter (VIAAT) serve as presynaptic molecular markers
of GABA inhibitory neurons. In particular, GAD is the biosynthetic enzyme for GABA, whereas
VIAAT accumulates GABA and other inhibitory amino acids. We used in situ hybridization
histochemistry to detect GAD and VIAAT expression in the arm. Surprisingly, GAD labels only a small
population of neurons in the ANC. VIAAT, by contrast, appears to identify a broader neuronal
population and is also detected in the intramuscular nerve cords, suggesting the octopus may employ
additional inhibitory neurotransmitters. Interestingly, we could not detect GAD and VIAAT in the sucker
ganglion, which suggests a more limited neuronal processing role for this nerve center.
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Abstract
Intra-sexual competition for mating opportunities sometimes leads to evolution of alternative
reproductive tactics (ARTs) through social context: high-competitive males behave as a consort and lowcompetitive males behave as a sneaker. The intensity of intra-sexual competition is highly affected by
operational sex ratio (OSR: the ratio of males and females ready to mate), however, few studies examined
the relationship between OSR and the proportions of ARTs. Uroteuthis edulis is a widely distributed squid
in the western North Pacific, and both immature and mature individuals are observed simultaneously
through the year. Here we show how OSR shapes the ARTs in the species, by 1) monthly variation of the
proportion of ARTs for three years in Tsushima, Japan, and 2) geographic variation of the proportion of
ARTs from Taiwan to Japan. 1) OSR greatly varied among months due to the difference in the proportion
of mature females. During winter with highly male-biased OSR, almost all mature males were sneakers.
However, high proportions of consorts were observed in summer with female-biased OSR. 2) The ARTsOSR relationship was consistent through the geographic areas. In addition, 38% of maturing, but not
fully matured, females had stored sperm in their seminal receptacle where sneakers transfer sperm,
suggesting that being sneakers can mitigate the biased OSR when the proportion of mature females is
low. Although the physiological mechanisms underlying the coordination of male phenotypes and female
maturation are still elusive, our results suggest that the proportion of squid ARTs respond adaptively to
the intensity of intra-sexual competition.
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Effects of water turbidity on predation and defensive behaviour in cuttlefish

Sepia officinalis
Alice Goerger, Ludovic Dickel
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Abstract
In La Manche, turbidity changes seasonally and daily in seawater. As a consequence vision in marine
species is limited. Some marine species like the cuttlefish Sepia officinalis (Mollusk Cephalopod) evolve
in such turbid environment. Since previous work on cuttlefish behaviour were led in clear seawater, how
cuttlefish can use turbidity to conceal themselves or find their prey is unknown to date. Our hypothesis
was that rearing cuttlefish in clear water may affect the development of their visual system and their
visually guided behaviors. To tackle this question, newly-hatched cuttlefish were reared for two months
under three conditions : clear water (control), low turbidity and high turbidity. We tested the predation
behaviour and the visual capacity at seven days and defensive behaviour (camouflage and burying) during
the first two month in clear sea water and in turbid sea water. Predation test showed that cuttlefish reared
in high turbid environment were less efficient to find their prey in turbid water. For camouflage our
results showed that all cuttlefish can adapt their camouflage to mimic water turbidity. Cuttlefish also
adapt their burying behaviour to water turbidity. (they bury themselves more often in turbid water). Thus
water turbidity can impact non visually guided behaviour. These results could provide valuable
information to consider water turbidity as a possible factor for the improvement of cuttlefish well-being
in artificial rearing systems according to current European regulations (Directive 2010/63/EU).
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Abstract
Octopus vulgaris preys upon molluscs by drilling a hole in the shell through which it injects venom,
weakening the muscles, allowing the octopus to remove and eat the mollusc. In False Bay, South Africa,
the Abalone Haliotis midae, the Kelp limpet Cymbulla compressa and the Helmet snail Semicassis zeylanica,
each with different shell morphologies and underlying anatomy, are common octopus prey. It is
hypothesized that O. vulgaris targets the muscle attachment site of all three species and that the precision
of drilling will correlate with the relative size of the muscle scar. An investigation of the drill holes from
collected shells of each species showed that drilling location was significantly non-random. In the abalone
and limpet the muscle attachment site was targeted at two and 4.5 times higher frequency than expected
repectively. Octopus vulgaris drilled helmet snails with extreme precision, as over half of the holes were
drilled on the spire at an angle of 45 to 90 degrees from the lip. ‘Heat maps’ demonstrated that octopus
drilled abalone with low precision, limpets with medium precision and snails with high precision.
Unfortunately, the reason for the high precision in the helmet snail remains speculative, as the main
drilling location did not align with the columellar muscle attachment and no target could be defined.
This study is the first to assess octopus drilling in temperate southern Africa and the first to compare
drilling precision across different prey species.
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Role of GABAA receptors on juvenile cuttlefish anxiety-linked behaviour
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Abstract
Ocean acidification, due to the ongoing climate change, has important effects on marine life. For
example, rockfish have displayed signs of anxiety when exposed to ocean acidification. Rockfish anxiety
also increased when juvenile animals were exposed to the anxiogenic gabazine, a GABAA antagonist.
Considering that GABAA receptors are also present in cephalopods, cuttlefish (Sepia officinalis) could have
similar reactions. Adapting the protocol from the previous rockfish study, we experimentally tested the
effect of the GABAA antagonist and agonist on juvenile cuttlefish, with a scototaxis test for anxiety and a
shelter test, as a proxy for exploration behaviour. We predicted that cuttlefish would display more
scototaxis but explore the arena less when exposed to the gabazine solution, when compared to muscimol
and the control (filtered seawater). Thirty-seven cuttlefish between 1 and 20 days old were tested once in
each arena (scototaxis or shelter test). The tests were filmed, and the videos were analysed with ToxTrac.
The data was statistically analysed using mixed linear models (assuming low importance of normality).
There were no significant differences for the exploration rate or shelter test between treatments. However,
cuttlefish treated with gabazine did show greater scototaxis (p-value= 0.0593). In conclusion, cuttlefish
may show some, but not all the rockfish anxiety behaviour patterns when their GABAA channels are
inhibited. Therefore, GABAA receptors might have a similar role in cephalopods and fish, with possible
similar behavioural and physiological consequences of ocean acidification.
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Abstract
The octopus coordinates its multiple, highly flexible arms with the support of a complex distributed
nervous system. The octopus’ suckers are employed in a range of behaviors such as locomotion,
exploration, foraging, and manipulation. In coordinating limbs with seemingly infinite degrees of
freedom across a variety of adaptive behaviors, the octopus appears to have solved a significant control
problem. To study the strategies that the octopus uses to coordinate its arms and suckers, we designed
and 3D printed visually occluded foraging tasks and tracked arm kinematics as the octopus attempted to
find and retrieve a food reward. By varying the features of the task and the location of the food reward,
we can characterize how the arms and suckers adapt to their environment to seek out and capture prey.
Our results suggest that the octopus relies on a contact-based search strategy that emerges from local
sucker coordination to simplify the control of its limbs. Additionally, we describe how this strategy is
employed in environments characterized by complex, convoluted surfaces.
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Abstract
In cephalopods, it was initially assumed that there is no parental care by males and the only known form
in females is egg care. In the case of the loliginids, it was accepted that they deposit their eggs in the seabed
and then abandon them to develop on their own. In this work, we present the first evidence of parental
care in the European squid, Loligo vulgaris. While scuba diving in Spain, we found a large mass of squid
eggs inside a crevice which was visited and filmed 13 times at night in a 50 days’ period. A female and a
male of L. vulgaris were found in front of the crevice for two consecutive nights. In the presence of the
divers, male and female alternated their approaches to the crevice, repeatedly touching the egg clusters
with their arms in an apparent cleaning operation. The next night only the male was found caring for the
eggs. Our finding is unexpected because this behaviour differs from the reproductive habits assumed for
squids. Furthermore, it is the first evidence of parental egg care by a male in cephalopods.
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Squid mating strategies half the picture
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Abstract
Sexual selection theory predicts that male and female animals will have different but interacting strategies
to gain reproductive success, but researchers have tended to focus predominantly on those of
males. Because there is no parental care, the simple scramble competition of Loliginid squid offers a
good opportunity to test for this bias. A straightforward measure was the percentage of sentences in the
Results section of papers that mentioned males, females or both. The selection of 21 papers had been
published in the last 25 years, predominantly (18/21) over the last two decades, from squid species and
researchers all over the world and in 10 species of the 40 comprising the family Loliginidae. 13 had only
male authors. The mean number of sentences reporting only on males was 30%, females 9% and both
61%. 15 had 50% or more sentences referring only to male animals, 10 had no sentence reporting female
behaviour at all, and the highest proportion of female-only was 35%. Despite reporting virtually all of
the behavior from males, five did not even have the sex of the animals in the title of the paper. The bias
is clear but important to our understanding of squid mating systems--we are only getting half of the
picture.
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Abstract
Cephalopod molluscs have developed abilities that allow them to make rapid changes in their body
patterns. These patterns serve both to camouflage and to communicate with their conspecifics, predators
or prey. During hunting, cuttlefish (Sepia officinalis) present transient changes of colours. These changes
have been poorly studied. However, some authors have reported appearance of acute dark body patterns
during prey capture. The present work reports observations of a dark pattern that has never been
described before. We call it "Leopard pattern". Observations were made on cuttlefish juveniles. They were
placed in individual tanks and filmed during shrimp hunting until consumption of the prey. Videos were
analysed frame by frame. The Leopard pattern appears only during the shrimp attack. This pattern
appears in three locations: on the back, the head and the arms, at the same time or independently. Each
of these components consists of several dark spots which appear from prey-detection to seizure of the
shrimp. Our work describes in detail these spots (phase of appearance, intensity, number, size, expansion,
duration of display, interval between two successive appearances, and dynamics). Finally, hypotheses
related to the ecological relevance of this pattern in cuttlefish are discussed.
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Male alternative reproductive tactics reflect complex spatial and temporal
dynamics of fertilization in the squid
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Abstract
Males pursuing alternative reproductive tactics (ARTs) face uneven sperm competition and are predicted
to invest differently into ejaculates and mate acquisition. A still neglected aspect of ARTs concerns the
potential influence of the fertilization environment, which may lead to deviations from classical
predictions. Loliginid squid females have two fertilization sites (buccal membrane, BM; oviduct opening,
OP) associated with ARTs. Dominant consorts are predicted to monopolize paternity –due to the use of
a spatially advantageous site (OP)–, making it difficult to understand the role of the sneaker tactic. By
controlling spermatophore attachment sites used by males, we empirically evidence that fertilization sites
indeed influence male reproductive success, with consorts monopolizing paternity (> 92% of success)
when competing with sneakers. However, we also show that females store sperm from several sneakers,
which are often used to fertilize part of their progeny, even after recent mating with a consort. Our results
not only highlight the importance of the buccal sperm storage organ for sperm provision and offspring
genetic diversity but also explain the role of sneakers in a system dominated by consorts. Together, these
results indicate that loliginid ARTs reflect complex fertilization dynamics, with consorts displaying
agonistic behaviors to control paternity, and sneakers mating promiscuously to assure cumulative
reproductive success – enhanced by long-term sperm storage. Ultimately, these results highlight the
importance of considering fertilization environments when studying ARTs evolution.
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transitional males of a squid with alternative reproductive tactics
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Abstract
In loliginid squids, different-sized males adopt alternative reproductive tactics (ARTs) to access females,
transferring ejaculates of distinct morphologies to specific sites in the female. Dominant consorts typically
adopt “male-parallel” mating (MP) and transfer consort-like spermatangia (CO) to the oviduct opening
(OV), while subordinated sneakers adopt “head-to-head” mating (HH) and attach sneaker-like
spermatangia (SN) at the female’s buccal membrane (BM). In at least some loliginids, like Doryteuthis
pleii (Blainville, 1823), the phenotypic expression seems ontogenetic, with intermediate-sized males
simultaneously storing ejaculates transitioning from SN to intermediate (INT) and CO morphologies.
Different from sneakers and consorts though, intermediate males can change their mating posture
depending on females’ proximity to spawning. In D. pleii, consorts monopolize paternity when in direct
competition with sneakers, siring >92% of female offspring, possibly due to the more privileged location
of their sperm; sneakers, instead, rely on the possibility of a long-term storage site in the seminal receptacle
to achieve cumulative reproductive success from multiple mating events. Now, we demonstrate that
intermediate males may achieve higher reproductive success than sneakers when switching from HH to
MP, but depending on the type of ejaculate available at mating. These results further corroborate not only
the ontogenetic hypothesis for squid ARTs but also the intimate coevolution between ejaculates and
fertilization sites in the group.
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Abstract
Bioluminescence, the capacity of emitting light by living organisms, is a feature shared by various species,
both terrestrial and marine, from bacteria to vertebrates and invertebrates, including cephalopods.
Bioluminescence results from light-emitting molecule oxidation and is species-specific. Organisms use it
for several purposes of attraction, repellent or even communication. Moreover, while most species
themselves produce their light, sometimes, bioluminescent organisms occur from a symbiosis between an
animal and bioluminescent bacteria. It has been 100 years since the last survey of light production in
cephalopods. Since then, new findings were made, requiring an update in this field. Within this context,
we described the general biodiversity of bioluminescent species and assess the morphological diversity, in
other words the location of the bioluminescence, across species. Among the 818 studied cephalopod
species, 253 were bioluminescent, where the order Oegopsida had the highest diversity of bioluminescent
species (70%) followed by the Myopsida (33%) and Sepiida (26%). It is worth noting that 3 cephalopod
orders are represented by bioluminescent species only (Bathyteuthida, Spirulida and Vampyromorpha),
while the Nautilida and Idiosepida are only composed with non-bioluminescent species. Moreover, most
species possess photophores in the head region (168), followed by internal photophores associated with
the ink sac or viscera (118) and photophores on the arms and tentacles (117). To conclude, in addition
to inform about the location of photophores in the organisms, this study gives an overview of the diversity
of light-emitting cephalopods across our oceans.
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Abstract
The Southern Ocean is home to 75 species of Cephalopods. They play a major role in the Southern
Ocean food webs but studies analysing their habitat and trophic ecology are scarce. Using the Antarctic
toothfish Dissostichus mawsoni as a biological sampler, we studied the bathyal cephalopod fauna from the
Ross, Amundsen, and D’Urville Seas. Ten cephalopod taxa were identified, with Pareledone turqueti and
Moroteuthopsis longimana being the only species present in all of the three seas. DNA analysis conducted
on squid flesh samples allowed identification of eight Mesonychoteuthis hamiltoni and two M. longimana
specimens, proving this technique as a useful tool to study the cephalopods diversity and biogeography
in the Southern Ocean. Stable isotopes were used to compare the habitat (δ13C) and trophic ecology
(δ15N) between two life-stages of the two most abundant squid species (M. longimana and Psychroteuthis
glacialis) from the Amundsen and D’Urville Seas. Higher δ13C values in M. longimana suggest that this
species inhabits waters near the Antarctic Polar Front, with incursions into sub-Antarctic waters, whilst
P. glacialis spends its entire life in Antarctic waters. Higher δ15N in adults of both species suggests an
increase in trophic level during squid growth. These results provided the first insights into the bathyal
distribution and the ontogenetic changes of two of the most important squid species consumed by the
top predators, in the Amundsen and D’Urville Seas.
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Abstract
First results of the research project DECAPOT that focused on diversity of squids, the characteristics of
their populations and the evaluation of commercial potential in the pelagic ecosystem around Reunion
Island (Indian Ocean) will be presented. Major objectives of the project are: to evaluate the diversity of
cephalopods (mainly pelagic squids), to develop a checklist of cephalopod species, to identify rare and
emblematic species, to assess the importance of Reunion Island waters as a key habitat for cephalopods,
to improve knowledge of the biology and ecology of most abundant species present in Reunion's waters,
in particular to describe their life cycle and their place and role in pelagic food webs, to evaluate their
fisheries potential, to conduct exploratory fishing trials with artisanal squid fishing gears. We present the
first results of fishing trials and analysis of research surveys data and stomach contents of top pelagic
predators.
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Abstract
Members of the family Ommastrephidae Steenstrup, 1857 sustain large and economically important
fisheries. As a result, many biological aspects related to fisheries (e.g., reproductive biology, trophism)
have been extensively studied. However, knowledge on the taxonomic relationships between
ommastrephids remains poor and controversial. Currently, the family Ommastrephidae is formed by 25
species placed in 11 genera. Those genera are placed in three to five subfamilies—Illicinae Posselt, 1891,
Todarodinae Adam, 1960, Todaropsinae Nigmatullin, 2000, Ommastrephinae Steenstrup 1857 and
Ornithoteuthinae Nigmatullin, 1979—according to the criteria of different taxonomists. We obtained
complete mitogenomes of Nototodarus gouldi (McCoy, 1888), Nototodarus hawaiiensis (Berry, 1912),
Nototodarus sloanii (Gray, 1849), Todarodes angolensis Adam, 1962, Todarodes pusillus Dunning, 1988,
Ommastrephes caroli (Furtado, 1887) and two undescribed Todarodes Steenstrup, 1880 and Todaropsis
Girard, 1890 species, and combined them with mitogenomes available from the literature. Our results
show that the genus Todarodes is paraphyletic, and extensive taxonomic revisions are needed for the
subfamily Todarodinae. The discovery of two new cryptic species in the genera Todarodes and Todaropsis
adds to the already known cryptic biodiversity within the genera Sthenoteuthis Verrill, 1880 and
Ommastrephes d'Orbigny, 1835. This indicates that flying squids account for more biodiversity than
currently recognized, and the number of described species is likely to increase in the coming years. As the
world’s largest cephalopod fishing resource, correct taxonomic identification of ommastrephids and the
discovery of cryptic species with smaller distributions might improve our understanding of theirstocks
and the effective management of their fisheries.
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Trans-Pacific “synchrony” in multidecadal change of habitat distribution for
Ommastrephes bartramii and Dosidicus gigas in the Pacific Ocean
Wei Yu
Shanghai Ocean University, Shanghai, China

Abstract
Trans-Pacific “synchrony” in multidecadal change of habitat patterns of Ommastrephes bartramii in the
Northwest Pacific Ocean and Dosidicus gigas in the Southeast Pacific Ocean during 1950-2015 was
examined using habitat suitability index (HSI) modeling approach. The HSI model involved with sea
surface temperature (SST) and sea surface height anomaly (SSHA) which were the critical environmental
drivers for O. bartramii and D. gigas. Significant seesaw-like patterns of environmental variability and
habitat changes, consistent with the regime shift of warm and cool PDO, were observed for the two squid
species. In a negative (cool) PDO phase, both SST anomaly and SSHA increased on the fishing ground
of O. bartramii, however, the suitable SST and SSHA decreased, as a result, the areas of suitable habitat
of O. bartramii remarkably contracted. On the contrary, on the fishing ground of D. gigas, cooling SST
and decreasing SSHA led to the formation of more suitable SST and SSHA, resulting in expansive areas
of suitable habitat for D. gigas. Moreover, due to the most favorable SST for O. bartramii and D. gigas
moved northward in the cool PDO regime, the suitable habitat for both squid species shifted into the
northern regions. Correspondingly, when the climate changed into a positive (warm) PDO, the situation
was opposite as that in the cold PDO phase. Our findings suggested that “synchrony” in interannual-todecadal variability of habitat patterns of O. bartramii and D. gigas can be detected from the climate regime
shift in the Pacific Ocean.
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Abstract
Widely distributed species, such as Octopus insularis, can be interconnected through dispersive processes
which promote gene flow among meta-populations. Previous studies have shown suitable areas for O.
insularis occurrence along the African coast. To confirm the occurrence of O. insularis as a transatlantic
species, we sequenced fragments of cox1 of three octopuses’ samples collected in the São Tomé and
Principe Islands and performed a Bayesian phylogenetic analysis. We also performed dispersal models
from five different regions; Rio Grande do Norte, São Pedro and São Paulo, and Trinidad and Martin
Vaz in Brazil, Suriname, and the Caribbean region of Colombia and Central America to assess the
connectivity between the American and African populations. Two of the three samples are grouped in
the Octopus insularis clade (PP=1), which are related to the samples from Ascension and Saint Helena
islands. The genetic distances among the octopus individuals, varied between 0.02 to 0.1% (kimura-2parameter), which confirms that they belong to the same species. The dispersal models identified the São
Pedro and São Paulo Archipelago as a potential “bridge” between South America and Africa. We propose
the hypothesis that Octopus’ populations in Africa have probably been misidentified in the fisheries
reports. The O. insularis dispersion ability, generalist diet, and high tolerance to wide environmental
variation may have contributed to its spreading in the Atlantic Ocean. Thus, it is important to verify the
status of this octopus population to develop adequate management plans to protect the species.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

113

P2.7.
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Abstract
Studies of paralarvae Decapodiformes in the Gulf of Mexico have been carried out mainly in the north,
which limits our knowledge of their spawning and rearing habitats on a basin wide-level. This study aims
to describe the species composition, abundance and distribution of Decapodiformes paralarvae
throughout the southern Gulf of Mexico (SGM) based on the morphological and molecular (cytochrome
c oxidase subunit I gene, COI) identification. Paralarvae were stored from 263 plankton tows made in
four oceanographic cruises held between 2015 and 2018. A total of 571 paralarvae were identified based
on morphological characters, and 187 individuals were sequenced. Both approaches revealed the presence
of 10 families: Enoploteuthidae, Loliginidae, Onychoteuthidae, Ommastrephidae, Ancistrocheiridae,
Pyroteuthidae, Octopoteuthidae, Chiroteuthidae, Cranchiidae, and Thysanoteuthidae. Eight species
were identified with both approaches: Abralia redfieldi, Doryteuthis pleii, Onychoteuthis banksii, Ornithoteuthis
antillarum, Ancistrocheirus lesueurii, Sthenoteuthis pteropus, Onychoteuthis prolata and Enoploteuthis spp. An
additional eight taxa were identified based on their morphology but couldn’t be corroborated with COI
likely due to problems with the preservation of the DNA: Onychoteuthis compacta, Chiroteuthis sp.1,
Thysanoteuthis rhombus, Liocranchia reinhardti, Abraliopsis sp.1, Pterygioteuthis gemmata, Pterygioteuthis sp.1,
and Hyaloteuthis pelagica. One specimen only identified using COI, represents the first record of
Ommastrephes caroli for the Gulf of Mexico. Most specimens (97.4 %) were relatively small (3.0-9.6mm
mantle length), which reflects recent spawning. Abralia redfieldi was the most abundant and widely
distributed in the SGM. This study provides new information on paralarvae of Decapodiformes in the
SGM and sets the basis for further ecological studies.
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Abstract
Symbiotic marine bacteria that are transmitted through the environment are susceptible to possible
abiotic factors (salinity, temperature, physical barriers) that separates them from their hosts. Given that
many symbioses are driven by host specificity, environmentally transmitted symbionts can alter symbiont
specificity depending on conditions over space and time. In order to determine whether the population
structure of environmentally transmitted beneficial associations reflect host specificity or biogeography,
we analyzed the genetic structure of Sepiola atlantica (Cephalopoda: Sepiolidae) and their Vibrio
symbionts (V. fischeri and V. logei) in four Galician Rías (Spain). This geographical location is
characterized by a jagged coastline with a deep-sea entrance into the land, ideal for testing whether such
population barriers exist due to genetic isolation. We used haplotype estimates combined with nested
clade analysis to determine the genetic relatedness for both S. atlantica and Vibrio bacteria. Analyses of
molecular variance (AMOVA) were used to estimate variation within and between populations for both
host and symbiont genetic data. Preliminary analyses exhibit a low percentage of variation among host
populations, suggesting that these populations are panmictic, whereas between host populations variation
does exist due to geographical distance. In contrast, Vibrio symbionts are panmictic among and between
populations, demonstrating that the hydrology of the Rias are driving bacterial distribution (and not host
specificity). Thus, for environmentally transmitted symbioses such as the sepiolid squid-Vibrio
association, abiotic factors can be major selective force for determining population structure for one of
the partners.
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Morphological description and molecular characterization of a new species of
Neorossia (Cephalopoda, Sepiolidae) in the southeastern Pacific Ocean
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Abstract
Bobtail squids of the genus Neorossia inhabit the deep-sea seafloor and are composed of two recognized
species. These squids are small-sized and have no ink sac and anal flaps. Here, we conduct phylogenetic
analyses, using mitochondrial COI and 16S rRNA, and report a new species of Neorossia for the
Southeastern Pacific Ocean. Seven specimens of Neorossia sp. were collected along the Chilean
continental margin, from 34°S to 47°S and 448 to 709 m depth. Maximum mantle length was 58 mm,
with a wide head and with tentacles representing 157–431% of the mantle length. Head, eyes, and nuchal
cartilage showed clear differences compared with specimens of N. leptodons from Australia, N. caroli
from the Mediterranean, and N. caroli jeannae from the Falkland Islands. Molecular phylogenetic analysis
suggests that Neorossia specimens from Chile are a new species related to N. caroli from the
Mediterranean.
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Octopods of the Northern and Central Adriatic Sea
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Abstract
Octopods (order Octopoda) make a significant share of the cephalopod fauna in the Adriatic Sea. Some
species, e.g. Eledone moschata, are abundant and commercially important, while others are less frequent
and scientific information about them are scarce. In order to deepen the knowledge on this group of
cephalopods, data on findings of octopods in the eastern part of the Northern and Central Adriatic Sea
collected during MEDITS expeditions in the period from 1996 to 2019 were analysed. Besides, the
overview of other reported findings of these cephalopods in the area were presented. For the registered
species, depth and spatial distributions, biomass and abundance indices, sex ratios and proportions of
gonad maturity stages were presented. As expected, E. moschata, Eledone cirrhosa and Octopus vulgaris had
the highest average biomass index (kg/km2) and abundance index (N/km2), as well as the highest
frequency of occurrence (%f). All other octopods had significantly lower average biomass and abundance
indices, and the frequency of occurrence. Among them, according to the frequency of occurrence, the
species Octopus salutii (3.02) was the most common, and it was followed by the species Octopus
macropus (1.41) and Scaeurgus unicirrhus (1.39). The lowest values of the frequency of occurrence were
recorded for Pteroctopus tetracirrhus (0.25) and Macrotritopus defilipii (0.24) with only a few specimens of
these two species being found in over 20 years of investigations in the area.
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Abstract
In September of 2020, 23 juveniles of neon flying squids were collected in the central eastern Adriatic
Sea (the island of Palagruža (N=14), the island of Jabuka (N=1) and the Korčula Channel (N=8)),
presenting rare opportunity to study these cephalopods. The dorsal mantle length of the specimens
ranged from 65 to 152 mm and body weight from 7.6 to 89.8 g. The partial sequence of the mitochondrial
cytochrome c oxidase subunit I (COI) gene was determined and phylogenetic analyses confirmed that
collected squids were Ommastrephes caroli (Furtado, 1887). The genus Ommastrephes d'Orbigny has been
for many years considered a monotypic cosmopolitan genus with a discontinuous distribution, however
recently four species have been erected within this genus using molecular tools. So far, there were only
four reported records of this species in the Adriatic Sea. The analyzed individuals shared similar
haplotypes as those from both the Mediterranean Sea and North Atlantic. The analysis of statolith growth
increments estimated the age of individuals to range from 36 to 71 days (average of 49.3 days). The results
of back-calculation indicate that the spawning of this species occurs during the warmer, spring-summer
period. Considering the size of caught individuals, Adriatic Sea could represent a potential feeding
ground for this species.
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Abstract
Two Allotheuthis species have historically been recorded in the Mediterranean Sea and Adriatic basin: A.
media and A. subulata. Their identification has largely been descriptive in nature and conducted using
morphometric parameters that have proven insufficient and unreliable in the advent of genetic analyses.
In this study we have collected samples of loliginids during two consecutive MEDITS expeditions in 2014
(n=32) and 2015 (n=21) covering entire eastern Adriatic Sea. Specimens were caught using the bottom
trawl net and frozen immediately on board until laboratory inspection when nine morphological traits
were measured for each specimen and samples taken for DNA processing. Using partial sequencing of
cytochrome oxidase I (COI) mtDNA gene, 30 individuals were identified as A. media and 21 as A.
subulata, with A. media distributed throughout the basin and A. subulata only in its central and southern
parts. Alloteuthis media showed high genetic diversity (Hd = 0.88) and statistically significant genetic
differentiation between Adriatic, Aegean and Ionian populations in respect to Atlantic haploytpes, as was
inferred by the use of publicly available sequences. Alloteuthis subulata in the Eastern Adriatic shared a
single haplotype. Analyses of morphometric data suggested that there was no single morphometric
character with strong enough power to discriminate between the two species, however, when
morphological traits were looked as a composite metric rather than in isolation, 87.5% of individuals
were correctly classified as A. media males, A. media females or A. subulata.
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A New Species of Graneledone (Cephalopoda, Megaleledonidae) From the
Southeastern Pacific Ocean
Maria Cecilia Pardo-Gandarillas ORCID iD, Christian Ibáñez
Universidad Andres Bello, Santiago, Chile

Abstract
Octopuses of the genus Graneledone inhabit in the deep-sea and constitute ten recognized species. Here
we carried out phylogenetics analyses of eight Graneledone species using three molecular markers (16S,
COIII and COI), and delimitation analysis to support the new species of Graneledone for the Southeastern
Pacific Ocean (SPO). Four specimens of Graneledone sp. were collected from 436 to 1482 m depth. These
octopuses are medium sized, have no ink sac and bear only one row of suckers in their arms, which are
of similar length. They are characterized by having 43 to 45 suckers in the hectocotylized arm (third right);
six to seven lamellae per demibranch; VV-shaped funnel organ and five to seven transverse creases in the
ligulae. Morphological traits of SPO specimen’s evidenced significant differences compared with those
from Southwestern Pacific, North Pacific, Atlantic and Antarctic oceans. Molecular phylogenetic analysis
supports the hypothesis of monophyly of the genus and species delimitation analysis confirm Graneledone
sp. from SPO as a new species.
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The importance of cephalopods in the diet of fish on the Northwest European
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Abstract
Cephalopods are universal to the world’s oceans and prey to many fish species. Due to their fast
production rates and generalist nature, cephalopods are also important to marine ecosystems as predators.
Around the United Kingdom, on the Northwest European shelf, integrated ecosystem assessments are
rapidly evolving into the preferred method for holistically assessing stocks, but cephalopods appear to be
an overlooked component, perhaps because their roles in ecosystems have seldom been quantified in
recent years. We have analysed historical fish stomach records and revisited literature at local and regional
level to determine the importance of cephalopods to the diets of ecologically important finfish. We
conclude that, in contrast to most other large marine ecosystems, cephalopods found in the Greater
North Sea and the Celtic Seas regions appear to contribute only a small fraction to the diets of ecologically
important finfish, though their role as predator may be important and required further investigation.
Based on our findings, cephalopods may not represent a key component for Integrated Ecosystem
Assessments, though as squid populations have been shown to expand throughout the North Sea in
recent years, regular monitoring is encouraged to identify the point where their inclusion into such
models is needed.
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A redescription of Nematolampas regalis Berry, 1913 (Cephalopoda: Oegopsida)
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Abstract
Nematolampas regalis is a small species of lycoteuthid squid (ML ~30mm at maturity) that is currently
known only from the Rangitāhua/Kermadec region in northern Aotearoa New Zealand. Berry’s original
(1913) description was based on two male specimens found washed ashore, and no further specimens
have been reported in over a century. This study examined 67 preserved specimens accumulated in
national research collections over the past 40 years, enabling a redescription of the species, including the
first description of females. Some noteworthy morphological traits are also reported for the first time in
this species, including paired male reproductive organs (as have been reported in other members of the
subfamily Lycoteuthinae) sexual dimorphism in the arms, and asymmetrically sized eyes (previously
known in oegopsids only within the family Histioteuthidae). The presence of this species within the
Rangitāhua/Kermadec region further supports the establishment of the proposed Kermadec-Rangitāhua
Ocean Sanctuary, which aims to protect the region’s biodiversity by prohibiting commercial fishing and
mining within a total area of 620,000 square kilometres.
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Are cephalopods in the loop? Cephalopod distribution by water type in the Gulf
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Abstract
The lack of baseline data of marine life in the Gulf of Mexico (GoM), particularly for pelagic species,
became apparent after the 2010 Deepwater Horizon oil spill. This gap in information made it extremely
difficult to assess the oil spill's impact on marine life. To build a data repository for future use, two
programs were implemented: the Offshore Nekton Sampling and Analysis Program (ONSAP), which ran
from January to September 2011, and the Deep-Pelagic Nekton Dynamics (DEEPEND) program (20152018). These programs established a reference set of data for fauna in the midwater column (0-1500m)
in the northern GoM. This study analyzed cephalopod species' abundances, distributions, and mantle
lengths in the three water types in the GoM: Loop Current-origin waters (LCOW), mixed waters (MIX),
and Gulf common water (CW) using data from the two programs. Overall, 19 species from 13 families
were analyzed. The data showed a variation in abundance, distribution, and mantle length by water type
between the various cephalopod species in the Gulf of Mexico. All species had their highest abundance
in CW and low abundances in LCOW. Across species, the distribution of median mantle lengths did not
show a consistent trend by water type, though many species exhibited larger median mantle lengths in
MIX.
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Effects of simulated marine heatwaves and tidal emersion on cuttlefish early
development: a biochemical approach
João Coelho1,2, Mélanie Court ORCID iD1, Eve Octjaques, Vanessa Lopes, Francisco O. Borges ORCID
iD1, José Ricardo Paula1, Tiago Repolho ORCID iD1, Mário Diniz 2, Rui Rosa ORCID iD 1
1

MARE – Marine and Environmental Sciences Centre, Laboratório Marítimo da Guia, Faculdade de
Ciências, Universidade de Lisboa, Portugal. 2 UCIBIO, REQUIMTE Chemistry Department, Faculty of
Sciences and Technology, Nova University of Lisbon, Almada, Portugal.

Abstract
Anthropogenic climate change has increased the frequency and intensity of extreme weather events.
Marine heatwaves (MHWs), in particular, have a strong influence over the structure and functioning of
marine ecosystems, as temperature is one of the most important environmental factors affecting marine
life. Additionally, intertidal habitats are ecologically challenging ecosystems, and inhabiting organisms
need to possess the necessary mechanisms in order to adapt to the periodic fluctuations in physical
characteristics across tidal cycles. Yet, there are no studies investigating the potential combined effects of
MHWs and tidal-related stressors on invertebrate early life stages. Therefore, the aim of this dissertation
was to study the effects of simulated MHWs (categories I and IV) and low tide conditions (emersion) on
the development of the cuttlefish Sepia officinalis. More specifically, I evaluated the development time
and hatching success the embryos, the antioxidant enzymatic machinery (SOD, CAT, GPx and GST
levels), lipid peroxidation, and HSP70 and total ubiquitin concentrations. Embryonic development time
decreased significantly with temperature. Conversely, tidal emersion held no significant impact on either
development time or hatching success. SOD activity levels were significantly increased with temperature,
but lowered under emersion. GST activity significantly increased with temperature, while GPx activity
was significantly enhanced under emersion. Yet, CAT activity, lipid peroxidation, HSP70 content and
total ubiquitin content were not affected by either MHWs or air exposure. Overall, these findings suggest
that, while development time is greatly conditioned by temperature, S. officinalis embryos are remarkably
resistant to emersion and associated stressors. Moreover, the simulated MHWs did not elicit any sublethal oxidative-stress related effects, suggesting that such temperatures are still within the optimum zone
of the cuttlefish thermal window of aerobic performance.
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Abstract
Cephalopods have exceptional camouflage skills upon environmental stimuli. This ability is attributed to
proteins found on skin iridocytes – Reflectins, which act as a biological Bragg-reflector[1] and find
applications as stimuli-responsive materials[2]. It was hypothesized that an 8 amino acid sequence found
in reflectins - protopeptide has been integrated into cephalopods´ genome through a symbiotic
partnership with Vibrio Fishery bacteria [3]. Here, we report 1st time deep theoretical and experimental
study of protopeptide hierarchical self-assembly in different conditions, e.g. temperature, pH or additives.
As well, we generate soft-materials: hydrogels, films & fibers.Conditions for peptide self-assembly into
hydrogels were assessed, e.g.pH, affects side chains protonation; additives, promote π-π-stacking or
electrostatic interactions. When characterized by AFM & SEM they show fiber-networks, corroborated
with Coarse-Grained simulations. The hydrogels in rheology have a viscoelastic behavior variable with
conditions for self-assembly. Besides, peptide solutions in the presence of PVP were spun into fibers (0.5
to 1μm) by solution blow spinning. We used two distinct solvents for peptide dissolution and fiber
formation. Interestingly, we observed the formation of 2 distinct fibers or co-extruded fibers whether the
solvent. Finally, the peptide molecular assembly process was studied by molecular dynamics and X-ray
diffraction. Clearly, solvent modulation is critical to induce different peptide supramolecular
organization. Thus, we establish a strong base to use protopeptide for production of innovative and
sustainable materials.
[1] Crookes, et al. (2004). Science (80-.). 303, 235–303; [2] Levenson, et al. (2017), APL Mater. 5, 1–12;
[3] Guan, et al. (2017) Curr. Biol. 27, 2833–2842
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Abstract
Since the Industrial Revolution, atmospheric carbon dioxide (CO2) has increased exponentially,
thereby changing the isotopic ratio of carbon in the atmosphere and oceans. This phenomenon has been
named the Suess effect and occurs when the abundances of the rare, heavy isotopes (13C and 14C) are
diluted by the addition of the dominant, light isotope (12C) into the atmosphere. As a result, decreases in
δ13C (δ13C= 13C/12C) has been detected in the ocean. Calcified structures of marine animals, such as
cuttlebones, are excellent natural recorders of environmental conditions as the structure’s chemical
composition can be comparable to its environment. Therefore, cuttlebones have potential to provide a
means for estimating the ocean's uptake of anthropogenic CO2. Due to their buoyant nature, cuttlebones
easily wash up on shore and have ended up in museums around Australia, with some even pre-dating the
Industrial Revolution. We collated an archive of Sepia apama cuttlebones spanning 140 years from
museums around southern Australia andthen analysed δ13C to determine if cuttlebones can be used as a
proxy to measure long term environmental change.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

126

P3.4.
Comparative isotopic evidence and fatty acids profiles from ovaries support an
optimal energy acquisition for reproduction in Illex argentinus
Dongming LIN
Shanghai Ocean University, Shanghai, China

Abstract
It has been evidenced that semelparous squid Illex argentinus draws a large amount of energy on
reproduction after the onset of maturation, and adopts a mixed income-capital breeding strategy where
energy allocation to reproduction is mostly derived from concurrent feeding intake. However, little
information is yet available about how the squid acquires the large amount of energy for reproduction in
terms of foraging strategy. Here we use methodologies of tissue energy density determination and
biochemical markers, including stable isotopes and fatty acids, to investigate the energy acquisition tactic
of I. argentinus for reproduction during sexual maturation. By targeting the change patterns of isotopic
data and fatty acid profiles of the squid’s ovary related to the ovary energy density, we were able to conduct
the first comprehensive analysis of the reproductive energy acquisition tactic. Our results showed that the
stable nitrogen isotopes were significantly correlated with ovary energy density but not mantle length. The
isotopic niche width increased with maturation and significantly differed among maturity stages, but
distinct isotopic value metrics only occurred at early physiologically mature and functionally mature
stages. The overall fatty acids had significant differences among maturity stages, with higher values for
20:4n6 and EPA/DHA ratio (both linked to higher trophic level prey items) corresponding to higher
ovary energy density. These data suggest that I. argentinus optimizes energy acquisition for reproduction
by adopting a foraging strategy that not only focuses on the amount of food but more importantly on the
quality of food once sexual maturation commences.
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P3.5.
The reproductive allocation strategy of Argentinean shortfin squid, Illex

argentinus
Dongming LIN
Shanghai Ocean University, Shanghai, China

Abstract
Life histories of organisms are frequently shaped by trade-offs between somatic growth and reproduction.
Although previous studies have suggested that sources for reproduction are directly from concurrent food
intake in the Argentinean short-fin squid Illex argentinus, referred as income breeding, recent findings
indicated that its reproductive growth probably uses somatic energy (capital resource). Herein, we aimed
to determine the reproductive allocation strategy of female I. argentinus, using fatty acids as biochemical
indicators. Results indicated that the fatty acid composition in the ovaries was found to have a stronger
correlation with that in the digestive gland, a fast turnover tissue reflecting recent dietary information,
when compared to the slow turnover mantle tissue, an energy reserve organ. During early maturation and
spawning period, however, the fatty acid composition showed that the ovaries closely resembled mantle
tissue. These lines of evidence indicate that I. argentinus adopts a mixed income–capital breeding strategy,
in which reproduction primarily relies on income resources, coupled with the involvement of storage
reserves used during the early maturation and spawning period. This study presents the potential
implication of fatty acids to provide insights into the breeding strategies among cephalopods, particularly
for oceanic species.
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Evaluation of statolith Sr/Ca as a thermometer by rearing experiments in spear
squid Heterololigo bleekeri
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Abstract
Concentrations of trace elements in biogenic carbonates have been used to reconstruct experienced
environments in various marine organisms. In particular, Sr/Ca is known to be related to ambient water
temperature. Cephalopods, mainly squid and cuttlefish, also have calcified tissue such as statoliths. Few
studies have examined the relationship between temperature and statolith Sr/Ca by rearing experiment,
but even among the few studies, the results showed great differences among species. Therefore, it is
necessary to confirm the relationship in each target species before applying the analysis to wild individuals.
In this study, we examined the relationship between temperature and statolith Sr/Ca of spear squid
Heterololigo bleekeri, and evaluated the applicability of Sr/Ca as a thermometer to back-calculate
experienced temperature. Squid were collected from inshore set-net and reared in three constant
temperatures of 12, 14 and 16℃. After at least a week of rearing, we estimated portions of statolith formed
during the experiments using daily increments, and measured Sr/Ca of the portions using an electron
prove micro-analyzer (EPMA). Sr/Ca was negatively correlated with temperature. However, Sr/Ca varied
among individuals within a treatment, and the range was overlapped between the treatments. Our results
suggest that it is difficult to estimate absolute experienced temperature by measuring the Sr/Ca alone,
however, it can be applied to reconstruct relative change of experienced temperature through life-history
in each individual. Further information about the mechanism of among-individual variabilities is
required to improve the performance of Sr/Ca as a thermometer.
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P3.7.
Contributing to the understanding on how neuromodulators shape neural
circuits in the octopus: preliminary results
Federica Pizzulli1, Oleg Simakov ORCID iD2, Pamela Imperadore ORCID iD1, Graziano Fiorito ORCID
iD1, Giovanna Ponte ORCID iD1
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Abstract
Defining regional distribution of neuromodulators in the brain is pivotal to the understanding of how
nervous system contributes to the neural and behavioural plasticity. We searched for neuromodulators
(e.g., serotonin, dopamine, noradrenaline and octopamine), their receptors, transporters and enzymes
involved in their synthesis and metabolism in genomes of Octopus vulgaris and allied species (Sepia
pharaonis, Euprymna scolopes, Octopus sinensis). Consequently, we identified 25 genes with the main aim of
charting octopus brain complexity through building the first-ever neuromodulators map. We then
evaluated gene expression profile in brain areas, and other tissues as control, in order to biologically
validate the gene candidates. In addition, an extensive set of real-time qPCR experiments provided
information about the expected molecular fingerprint of these genes in different areas of O. vulgaris brain.
Furthermore, their distribution in neural areas relevant to both visual and tactile sensorimotor circuitry
was achieved via in situ molecular approaches. To further explore neural complexity and connectivity, we
computed brain network using J.Z. Young data of octopus intra- and inter-lobes neural pathways and
connectivity (i.e. tracts, afferent and efferent fibers, neuropile complexity). By adopting neural network
approach, we estimated integration, segregation, centrality and modularity. Node- and joint-degree,
neighbourhood overlap, matching index, density of connections within and between lobes and masses
was estimated, and clustering and community structures of O. vulgaris brain-neural network have been
provided. These preliminary results represent the basis for understanding how neuromodulators
contribute to neural circuit function and its plasticity in this member of Lophotrochozoans clade.
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P3.8.
High-resolution respirometry of isolated mitochondria from adult systemic heart
Octopus maya (Class: Cephalopoda) by differential centrifugation
Ana K. Meza-Buendía1, Emiliano Aparicio2, Fernando Díaz1, Claudia Caamal-Monsreal3, Carlos Rosas3,
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Abstract
Mitochondrial respirometry is a key to understand how environmental factors model the energetic
cellular process. In the case of ectotherms, there is the hypothesis that the thermal tolerance is intimately
linked with the mitochondria capability to produce enough ATP to respond to the energetic demands of
animals in high temperatures. Recent studies made in Octopus maya proposed the hypothesis that
postulates that high temperatures could limit the reproduction of females due to the limited capacity of
the heart of the animals to sustain the flow of oxygen to the body, limiting in this form the production
of energy in the rest of the organs including the ovarium. Until now, no reports are showing the effects
of temperature and another environmental variable on the mitochondria activity of cephalopods,
probably because there is no method to evaluate the metabolism of these critical cellular organelles. In
this sense, and for the first time, we are showing the technique that can be used to obtain the
mitochondrial respirometry data of the heart of an octopus species. This protocol illustrates a step-by-step
procedure to get high-throughput functional mitochondria from a cephalopod heart. The isolation
procedures described here require 2 hours and demonstrate that confident and replicable results can be
obtained with this method.
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P3.9.
Effect of incubation temperature on the viability and digestive physiology of
common octopus (Octopus vulgaris) paralarvae
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Abstract
The high paralarvae mortality during larval development in the common octopus (Octopus vulgaris) due
to nutritional and management issues maintains this production at low profitable levels. Previous studies
have dealt with the effect of temperature in embryo development, suggesting the beneficial effect of lower
temperatures on this process, probably due to its impact on the metabolic pathways. However, these
studies are restricted to embryonic development, hatchlings or paralarvae under starvation, and there is
no information on how this process can affect paralarval survival and growth at long-term experiments.
In the present study, the effect of different incubation temperatures (16 and 21 °C) in pre-hatching stages
(embryos) was analysed on paralarval viability and digestive enzymatic activities in 0 and 14 days post
hatchling. In newly hatched paralarvae the effect of incubation temperature on dry weight and total length
appears to depend on the broodstock female origin. However, no significant effects of incubation
temperature on paralarvae viability were detected after 14 days of culture. Neither the incubation
temperature nor the female seems to affect the digestive enzymatic capacity of the newly hatched
paralarvae. After 14 days of culture, the incubation temperature may be exerting an effect on activity over
time for acid proteases and trypsin activities, but these effects depended on the broodstock female origin.
The absence of significant changes suggests that the range of embryos incubation temperatures tested
appear to be no significant effects on viability and digestive physiology in Octopus vulgaris paralarvae.
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Quantification of physiological colour changes in common cuttlefish skin
explants as an innovative endpoint for contaminant risk assessment
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Abstract
Body colour change is a widespread ability among animals, associated with a series of functions:
thermoregulation, UV protection, camouflage or communication. In general, colour changes are made
possible either by the production, degradation or chemical modification of pigmented structures (i.e.
morphological colour change) or by intracellular movements of these pigments (i.e. physiological colour
change). These movements are typically controlled by nervous and/or hormonal pathways, with which
many contaminants present in the environment can interfere. Therefore, the measurement of
physiological colour change is currently emerging as a promising toxicological endpoint, with biotests
already involving fish and crustacean chromatophores. In this context, cephalopods could play a key role
as another model species, since their colour changes are particularly rapid and finely controlled. In
practice, colour changes can be observed and measured on whole animals as part of behaviours, but also
at the tissue and cellular levels. Here we focus on the quantification of chromatophore activity from skin
explants of the common cuttlefish (Sepia officinalis). A bioassay is presented that takes advantage of a new
method for automatic analysis of chromatophore activity, based on deep learning. This allows to classify
light and dark chromatophore classes and to individualise overlapping structures. Its performances are
illustrated by the analysis of responses to selective serotonin reuptake inhibitors (SSRI-antidepressants)
and endocrine disruptors.
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Abstract
Marine invertebrates form a complex, diversified and little explored group of animals that holds
considerable value for toxinologists. Among these organisms, many Cephalopoda are known to secrete a
venomous saliva, which is a cocktail of highly bioactive substances with great biotechnological potential
for drug discovery, since these secretions are mainly formed by proteinaceous toxins that may have evolved
to interact with specific molecular targets, like enzymes and ion channels. The anterior and posterior
salivary glands are constituents of the digestive system and, besides toxins, are responsible for secreting
lubricant and protective substances for the digestive tract. Although there is evidence that toxins are
mainly produced by the posterior salivary gland, histological and histochemical studies on the
identification and description of key anatomical structures that intervene on the production of toxins,
permeabilising agents and their vehicle are scarce. As such, the present work focused on the
microanatomy and physiology of the anterior and posterior salivary glands of the common octopus,
Octopus vulgaris, and cuttlefish Sepia officinalis, using paraffin- and resin-based histology. The results
highlight the complexity of both glands, whose essential structure is similar between the two species, being
tubular organs formed by a single-layer of secretory cells of various types, from mucocytes to calyx cells.
In turn, thiol-rich proteins, which are part of the common signature of animal poisons and venoms, were
localised histochemically. The observations also suggest that both glands, despite microanatomical
differences, are able to secrete bioactives like toxins and permeabilising enzymes, integrating a highly
efficient venom-delivery system.
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Molecular complexity of the olfactory system: investigation
neurotransmitters and olfactory receptors diversity in Sepia officinalis
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Abstract
As active marine predators, cephalopods are mostly renowned for their visual capacities and their ability
for camouflage. But they are also good at chemoreception. In Sepia officinalis, olfaction is associated with
prey and predator detection, intraspecific communication including short-distance navigation and
reproductive behaviours like mating choice. Whereas organs of olfaction and chemoreception are well
described in coleoids, little is known about the molecular aspects of the olfactory machinery.
Our investigations (immunochemistry and in situ hybridizations) revealed an unexpected high diversity of
involved neurotransmitters: FMRFamide and/or related peptides and histamine are putative
neurotransmitters in olfactory sensory neurons. Other neurotransmitters, including serotonin and
APGWamide within the olfactory and other brain lobes, suggest efferent control of olfactory input
and/or roles in the processing of olfactory information. On the side of the odorant perception, olfactory
receptors also belong to diverse receptor families. In one of them - the ionotropic receptors (IR) – we
described the first olfactory receptor in Sepia officinalis. The IR25 receptor is actually expressed in sensory
cells both in the olfactory organs and in the sucker rims, which confirms that the « taste by touch »
behaviour shares features with olfaction. But we also found an unexpected expression of IR25 at the
surface of fins, which opens new avenues of investigation to confirm fins as additional chemosensory
organs in cephalopods.
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P4.1.
Shifting distributions of the Octopus vulgaris species complex under future
climate change
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Abstract
The Octopus vulgaris species complex (OVSC) has long been the subject of intense research and debate,
given the high level of cryptic diversity it possesses. Once seen as a single cosmopolitan species, it is now
known to consist of a polyphyletic group comprised of several morphologically similar species of benthic,
shallow-water octopuses: O. americanus (west Atlantic), O. vulgaris (northeast Atlantic and Mediterranean),
O. aff. vulgaris (South Africa), O. djinda Amor and O. tetricus (Oceania), and O. sinensis (western Pacific).
Given their different environmental preferences, it is important to estimate how climate change could
affect each of the OVSC species. Species Distribution Models (SDMs) were implemented to investigate
potential changes in preferential habitats and worldwide distribution of the species of the OVSC
(except O. djinda) by century’s end (i.e., 2090-2100), across four representative concentration pathway
scenarios (RCP26, 45, 60, and 85; CMIP5). Occurrence data from GBIF, together with surface and
benthic level environmental variables from Bio-ORACLE and MARSPEC (e.g., temperature, salinity,
current velocity, bathymetry, etc.), were used to build the SDMs. From these, prediction models were
built, and the ensemble map of predictions for habitat suitability and binomial presence-absence were
plotted. Changes in these metrics were also calculated to obtain net change in habitat suitability and
presence distribution, as well as potential species distribution overlap. The results of this study provide
information on the potential biogeographical effects of climate change on a key worldwide ecological and
economical resource and aims in assisting towards sustainable management of these species of octopus.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

136

P4.2.
Antarctic octopod beaks as proxy for mercury concentrations in soft tissues
Ricardo S. Matias ORCID iD1, José Seco ORCID iD2, Hugo R. Guímaro ORCID iD1, Susan Gregory3,4,
Mark Belchier3, Maria E. Pereira2, Paco Bustamante ORCID iD5, José C. Xavier ORCID iD1,3
1

Marine and Environmental Sciences Centre, Coimbra, Portugal. 2Department of Chemistry and
CESAM/REQUIMTE, Aveiro, Portugal. 3British Antarctic Survey, Cambridge, United Kingdom.
4
Government of South Georgia and the South Sandwich Islands, Stanley, Falkland Islands (Malvinas).
5
Littoral Environnement et Sociétés (LIENSs), La Rochelle, France

Abstract
Mercury (Hg) is a non-essential metal known for its toxicity even at low concentrations. However, despite
its remote location, the Southern Ocean presents some of the highest Hg concentrations recorded in
open waters. Hg bioaccumulates in organisms due to its strong tissue retention and biomagnifies along
the food chain. As the role of mercury is poorly known in Southern Ocean cephalopods due to their very
elusive behaviour, researchers have been collecting cephalopod beaks from the diet of top predators to
study their ecology. Such structures offer the opportunity to study levels of contaminants like Hg. The
total mercury (T-Hg) concentrations were evaluated in upper/lower beaks, digestive gland, gills and
mantle muscle of Adelieledone polymorpha and Pareledone turqueti, two of the most abundant octopodes
around South Georgia. Beaks had the lowest T-Hg concentrations (A. polymorpha: [T-Hg]Upper= 27.2 ±
12.9 ng·g-1 and [T-Hg]Lower= 27.5 ± 20.0 ng·g-1; P. turqueti: [T-Hg]Upper= 34.6 ± 13.9 ng·g-1 and [THg]Lower= 56.8 ± 42.0 ng·g-1), followed by gills and muscle. The highest values were recorded in the
digestive glands (A. polymorpha: 251.6±69.7 ng·g-1; P. turqueti: 347.0 ± 177.0 ng·g-1). Significant
relationships were found between beaks and muscle of A. polymorpha (T-Hg in muscle is 10 times higher
than in beaks). This study shows that beaks can be used as a proxy for T-Hg in muscle for some octopod
species, and a helpful tool for estimating total Hg body burden from beaks.
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PDO-related synchronous changes in potential habitats of two economically
important marine species off Chile
Wei Yu ORCID iD, Zhiping Feng
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Abstract
Understanding concurrent responses of habitat pattern of pelagic fish species to climate variability is
favorable for sustainable exploitation and fisheries management. In this study, the key environmental
factors affecting Dosidicus gigas (sea surface salinity (SSS), sea surface height anomaly (SSHA) and water
temperature at 400m (Temp_400m), and Trachurus murphyi (sea surface temperature (SST), mixed layer
depth (MLD) and Temp_400m), were used in combination with the Pacific Decadal Oscillation (PDO)
index to examine synchronous habitat variations off Chile based on habitat suitability index model (HSI).
All environmental factors were significantly related to the PDO. A significantly negative relationship was
found between the HSI of D.gigas and the PDO index, while a significantly positive correlation was
observed in the HSI of T.murphyi. In the warm PDO regime, MLD was shallower, SST increased, and
SSHA decreased from the northeast to the southwest off Chile. SSS and Temp_400m in northern waters
off Chile were higher than those in southern waters. The suitable habitats of D.gigas contracted and
shifted southwestward. While the area and distribution of T.murphyi changed little, but its habitat quality
enhanced. In the cold PDO regime, SST and SSHA decreased, and MLD deepened. Variations in SSS
and Temp_400m were consistent with those in the warm PDO regime. The suitable habitats
of D.gigas enlarged and moved northeastward. Whereas the suitable habitats of T.murphyi slightly reduced
with small change occurred with its spatial location. Our findings suggested that the PDO played
important roles in the long-term concurrent habitat variations of Chilean T.murphyi and D.gigas.
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The seven year population cycle in Argentine squid Illex argentinus in the
SouthwestAtlantic and modification of its structure caused presumably by
anthropogenic pressure
Chingis Nigmatullin
Independent Researcher

Abstract
The Argentine squid represent one of the largest cephalopod resources in the world ocean. We have
estimated periodicity of fluctuations of its winter-spawning cohort (70-90% annual catch) in 1982-2020
using five grade index of annual abundance (AI). The Phase Portrait Method identified clear 7-year
cyclicity of its stocks. The well-defined 7-year cyclical fluctuations of the stock abundance observed in
1982-1994 with total fishing effort of 80-250 vessels. Since the middle of 1990s, with a significant increase
in fishing effort (to 300-400 vessels in 2000s and 500-700 in 2010s) and expansion of fishing grounds to
the whole species range, the inner 7-year cycle have been changed by successive increase in the duration
of periods of low abundance from 1 to 3-4 years and shortening of periods of high abundance from 4 to
2 years. The main factor influencing the normal 7-year cycle structure is most likely to be the increasing
pressure of the fishery, which is especially important during periods of stock low abundance. As a result,
each new decrease in stock abundance was more and more pronounced and prolonged, and the total
fishery productivity of each cycle decreased. This revealed the cyclicity evolution that may be interpreted
as a forced oscillatory process caused by variability of water circulations in nursery grounds, which can
shift to appearance of damped oscillations, i.e. a stock crisis due to very high fishery pressure as additional
external modifying stress-factor.
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Abstract
The stock abundance of Japanese flying squid (Todarodes pacificus) for both the autumn-spawning group
(ASG) and winter-spawning group (WSG) decreased sharply in the mid-2010s, and catches remain small.
This decline has strongly affected the fishing industries in several countries, including Japan and South
Korea. Females spawn large egg masses that contain hundreds of thousands of eggs, which develop
normally at 18-24℃, so the egg masses are presumed to develop normally within this temperature range.
This study was conducted to determine if the declining catches might be related to changing seawater
temperatures at the spawning grounds. Other possible factors behind the catch declines were also
investigated. Potential spawning grounds were mapped by identifying the areas where both the SST
ranged between 18o and 24oC and the bottom depth ranged between 100 and 500 m. These maps were
used to examine monthly changes in the spawning grounds of both groups after 2002 and compare them
with changes in SST. We also considered whether changes in migratory routes were related to the decrease
in annual catches in Japan and South Korea. For the ASG, the decreased stock size in the 2000s might
have been related to high (>24oC) SSTs during October on the continental shelf south of the Noto
Peninsula, but since the 2010s, the area has become suitable for spawning (<24oC), which suggests
another factor is responsible. In particular, the sharp decline in the ASG stock since 2016 is thought to
be due to overfishing by IUU vessels in the Sea of Japan. For the WSG, the drastic decrease stock size is
thought to be due to the shrinkage of spawning grounds due to local cooling in winter in the East China
Sea.
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Abstract
Human pressures on marine ecosystems have increased worldwide. Different legislation has been
implemented to better manage these pressures with the aim of a more sustainable exploitation of the
oceans. One of the most important pieces of legislation is the European Marine Strategy Framework
Directive (MSFD), which came into force in 2008 and aims to obtain or maintain the so called ‘Good
Environmental Status’ of all European seas by 2020. Amongst the elements considered are, marine litter
and underwater noise, marine biological diversity, and marine habitats. However, the assessment of the
living marine species has so far focused mainly on marine fish, marine mammals and sea birds. Although
cephalopods are key components in marine ecosystems because they play an important role in fisheries,
food webs and biodiversity. For the past ten years, cephalopods have been incompletely or not at all
considered in assessments within the MSFD by the Member States of their respective marine areas. This
poster is intended to present the current status of the assessment of Good Environmental Status of
cephalopods in the Northeast Atlantic and Mediterranean Sea and to examine possible reasons for the
lack of assessment of this ecologically and commercially important group. To fill this assessment gap,
existing indicators, which have been used for several years to assess fish stocks are proposed, along with
potential new cephalopod-specific indicators for a relative assessment.
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Abstract
Atmospheric carbon dioxide (CO2) emissions are continuously increasing due to the growing
anthropogenic activities, causing a rise in the sea-surface partial pressure of CO2 (pCO2). This change in
turn leads to decreased ocean pH, named ocean acidification, and affects the carbonate-silicate cycle. Such
modification of seawater chemistry also affects the physiology and behaviour of marine organisms,
impacting their metabolism, growth and development during vulnerable early-life stages. Among them,
the embryo of the cephalopod cuttlefish develops for ~2 months) in encapsulated eggs with harsh
conditions of hypoxia and hypercapnia, potentially worsen by the environmental ocean acidification. In
this study, the development and the growth of early-life stages of Sepia officinalis were followed during the
whole embryonic developmental period up to 10 days post-hatchling juveniles. Embryos and juveniles
were exposed to five elevated pCO2conditions controlled with a continuous pH-stat system (pH 8.08;
7.82; 7.65; 7.54; 7.43). Metabolites were determined in ready-to-hatch embryos, just hatched embryos and
10 d-old juveniles, using a 1H nuclear magnetic resonance (NMR) spectroscopy as a platform for
untargeted metabolomics analysis. Consistent with previous studies, our results showed longer embryonic
development and decreased hatching success at the lowest pH, but no effect on juvenile weight upon
hatching. Metabolomics analysis revealed a metabolic depression in embryos reared at pH 7.43, nonmonotonic changes to pH in 10 d-old juveniles, and no clear pH effect in newly hatched juvenile
cuttlefish, likely due to the metabolic stress associated with hatching. Those results reveal possible effect
of ocean acidification on the cuttlefish recruitment.
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Abstract
There are records that O. maya adults could be experiencing extreme temperatures during reproductive
maturation. Until now, there are no data in octopods that indicate what kind of consequences could
experience a progeny that was produced by parents thermally stressed. The present study was dedicated
to evaluating the effect of the thermal stress in Octopus maya females at the end of their reproductive
season on the aerobic scope (AS) and the antioxidant defence mechanisms (ADM) of juveniles exposed
to extreme temperatures. To do that, wild octopus females were acclimated at 24 and 30°C until
spawning. Juveniles from each group of females were exposed at 24 and 30°C. Aerobic scope was
evaluated every 5 days until day 20 joint with the ADM and two indicators of oxidant damage (OD).
Results obtained indicate that juveniles from thermally stressed females had limited physiological abilities
to compensate for the OD being highly sensitive to 30°C. In contrast, juveniles from non-thermally
stressed females showed an ADM that, at least for some time, was able to eliminate the OD. Those results
are discussed in the light of the possible consequences of warming between generations and its
relationship with the time of exposure to high temperatures.
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Octopus maya males: What do we know about the thermal stress and its
implications in the nervous system transcriptome?
Clara Galindo-Sánchez1, Pavel Galindo-Torres1, Laura L López-Galindo1, Claudia Ventura-López1 &
Carlos Rosas2
1
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Abstract
Octopus maya is an endemic species of the Yucatan Peninsula that has several adaptations to respond to
the warm temperature of its habitat. Thermal stress negatively impacts the reproductive capability of
adults and affects embryologic development. In this study, we evaluated the effect of temperature on the
nervous system of O. maya males. We used Illumina sequencing to analyze white body, optic glands, and
optic lobes tissues from males exposed to control (24°C) and stress (30°C) temperatures. Additionally, we
performed a qPCR assay to validate the expression of certain genes. Regarding the white body, we found
that most of the genes differentially expressed in both control and stress conditions were related to high
activity levels in the cell cycle and mitotic cell division. Among the categories present at 30°C, we found
one involved in the apoptotic process. In the case of the optic gland, most represented ontologies, such
as signal transduction, secretion, and biological regulation reflect the high neuroendocrine activity of the
tissue at controlling temperature, whereas in stress condition terms associated with lipid metabolic
process were enriched, indicating a deregulated metabolism, which is commonly associated to nervous
disorders. Finally, in the optic lobe, most of the genes found upregulated in both control and stress
conditions were associated with the neuropeptide signalling pathway, signalling, and signal transduction.
Interestingly, at 30°C, reproductive, and feeding behaviours were modified as a result of the temperature
stress.
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Session 5: Genetics and Evolution

P5.1
The geographic problem in cephalopod genomics
Michael Vecchione1, Michael J Sweeney2, Paula L Rothman3
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Abstract
Publications describing genomes of various cephalopod species have recently proliferated. Some
papers have involved large geographic distances between the collection locality of sequenced specimens
and the type locality of the presumed species. However, cryptic species have been demonstrated in many
cephalopods. Therefore, even if the sequenced specimen is very similar morphologically to the species in
question, the likelihood that it is a member of the species in question decreases with increasing distance
from the type locality. We surveyed genomic literature on Cephalopoda for comparison with original
designations of type localities to determine the extent of this potential problem. Only publications
describing complete mitochondrial genomes were analyzed. Each publication was examined to determine
the collection locality of the specimen used for genomic analysis. Type localities for the nominal species
are available online. Both sample locality and type locality were converted to latitude/longitude and the
distance between was calculated using NOAA Latitude/Longitude Distance Calculator. The literature
search found a total of 43 publications containing 47 species within 23 genera. Of the 47 species, only
17 could be evaluated for our geographic question. For many species, collection locality or type locality
was missing or was too general (ex. Australia); either locality was indeterminate (ex. Tsukiji fishery
market); multiple type localities (ex. syntypes) or genomes derived from combined specimens from
multiple localities. Distances calculated ranged from 0 nautical miles (sampled at type locality) to half-way
around the world. Where data were present for distance calculation, the average (17 species) was 1,755
n.m.
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P5.2
Population genetic structure of Dosidicus gigas in the southeast pacific based on
SNP markers
Hao Xu ORCID iD
Shanghai Ocean University, Shanghai, China

Abstract
Dosidicus gigas (D. gigas) is a commercially important squid species in the eastern Pacific Ocean; Due to
the wide distribution of the species and its variable biological characteristics, there is a lack of reliable
information regarding its genetic structure, which restricts the assessment and management of the D. gigas
fishery resource. In this study, the GBS (Genotyping-by-Sequencing) simplified genomic technology was
used to develop SNP markers for 90 individuals of matured D. gigas with three phenotypes of large,
medium and small in the Southeast Pacific. Based on 41914 high-quality SNP markers, the observed
heterozygosity (Ho) is low, suggesting low genetic diversity in the D. gigas. Principal component analysis
(PCA) showed no significant clustering between the different groups of D. gigas, with three groups of
samples are mainly concentrating in one space；Pairwise Fst was less than 0.05 indicated that there was
no significant genetic differentiation among the different phenotypes. The results of the effective
population size changes in the population history show that the southeast Pacific D. gigas population may
have experienced rapid population expansion between 20000-6000 years ago, the calculation results of
the differentiation time show that the medium and the large phenotype group D. gigas diverged from the
population 800,000 and 600,000 years ago, respectively. Thus, combined with the characteristics of
historical environmental changes during the Last glacial period, it’s speculated that the population
expansion and differentiation of D. gigas are related to dramatic historical climate changes.
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P5.3
Strong genetic differentiation in Uroteuthis duvaucelii from Indian ocean:
revealed by mitochondrial DNA marker
Nisha K ORCID iD, Sandhya Sukumaran, Wilson Sebastian, Goplakrishnan A
Central Marine Fisheries Research Institute, Kochi, India

Abstract
Uroteuthis duvaucelii is an Indo-West Pacific species constitute an important component of the inshore
cephalopod fisheries in Indian coast with high demand in global export trade. No records are available
on genetic population structure of this species in Indian Ocean, in spite of complexities reported in
various studies regard to size, growth rate and age of maturity in their populations. In the present study
phylogenetic analysis using mitochondrial COI gene of U. duvaucelii from Indian Ocean (n 60) and Pacific
Ocean (n 72) revealed two lineages corresponding to the two major Oceans. In addition, two genetically
distinct lineages corresponding to the Eastern and Western Indian Ocean population were also observed.
Nucleotide diversity (π) was low in both populations (East 0.034, West 0.005,) whereas haplotype diversity
(Hd) was high (East 0.81, West 0.87). Very high genetic differentiation was observed in AMOVA (FST
= 0.66, p = <0.001) and pairwise genetic distance estimation (FST =0.76, p = <0.001) between Eastern and
Western Indian Ocean population. Low genetic diversity, Positive and significant value of Tajima's D and
Fu's Fs (Neutrality test) and multimodal plot from Mismatch analysis indicated signals of declining
populations in both Eastern and Western Ocean. This study revealed strong geographical structuring in
U. duvaucelii and this might be an indication of local adaptation and ecological speciation in the Eastern
and Western Indian Ocean. Further studies with wide geographical coverage and advanced molecular
markers are necessary to identify and characterize populations which need specific conservation measures
in the warming Indian Ocean.
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Sex-specific role of the optic gland in Octopus maya: A transcriptomic analysis
Claudia Ventura-López1, Laura L López-Galindo2, Carlos Rosas3, Edna Sanchez-Castrejon1, Pavel E
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Abstract
The optic glands (OG) of cephalopods are a source of molecules associated with the control of
reproductive traits and lifecycle events such as sexual maturation, reproductive behavior, feeding, parental
care, and senescence. However, little is known about the role of the optic gland in Octopus maya adults
during mating and egg laying. RNA sequencing, de novo transcriptome assembly, ubiquity and differential
expression analysis were performed.The transcriptomic profiles of the optic gland of both sexes were
compared with emphasis on the signaling pathways involved in the dimorphism of reproductive traits
Results suggest that in the OG of males, the reproductive condition (mated or non-mated) did not affect
the general expression profile. In contrast, in females a higher number of differentially expressed genes
were observed. In mated females, the mRNA metabolic process and the response to norepinephrine were
enriched, suggesting a high cellular activity in preparation for the laying of the embryos. Whereas in egglaying females, energetic and metabolic processes were the most represented, including the oxidationreduction process. Finally, the gene expression patterns in senescence females suggest a physiological
response to starvation as well as upregulation of genes involved retrotransposon activity. In conclusion,
more substantial fluctuations in gene expression were observed in the optic glands of the fertilized females
compared to the males. Such difference might be associated with the regulation of the egg-laying and the
onset of senescence.
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P5.5
Molecular organization of the octopus visual system based on single-cell
transcriptomics
Jeremea O Songco ORCID iD, Gabrielle Coffing, Denise Piscopo, Judit Pungor, Andrew Kern, Adam
Miller, Cristopher Niell
University of Oregon, Eugene, USA

Abstract
Octopuses, like vertebrates, have camera-type eye structures despite the two lineages having diverged
evolutionarily over 500 million years ago. Furthermore, anatomical evidence suggests that octopuses and
vertebrates may have similar neuronal cell types within their visual system. However, little is known
regarding the molecular determinants of visual system organization in octopuses. We performed single
cell RNA-sequencing of the optic lobes of juvenile Octopus bimaculoides with the goal of developing a
molecular atlas that we could connect to anatomical cell types. Initial analysis using the Seurat package
has identified ~25 different neuronal cell types based on their unique transcriptional profiles. Within
these, distinct cell types correspond to different neurotransmitter and neuropeptide identities, providing
a framework for the neural circuit organization of the optic lobe. Furthermore, most cell types also express
markers, such as transcription factors and adhesion molecules, that may mediate cell fate or connectivity.
Based on these sequencing results, we used fluorescent RNA in situ hybridization to determine the
corresponding anatomical organization of these transcriptionally defined cell types. We find that many
cell types are localized to distinct layers within the optic lobe, thereby confirming spatial segregation of
cell types as well as determining the location of specific cell types within the visual processing pathway.
This study begins to illustrate the molecular determinants underlying neural circuits in the octopus visual
system, which can, in turn, provide insight into the development and function of the optic lobe as well
as the evolution of visual processing.
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Mitochondrial DNA analysis reveals phenotypic plasticity in swordtip squid
(Uroteuthis edulis): morphologically different but genetically homogeneous
populations
Satoshi Tomano1,2, Seiya Kudo1, Yumeng Pang1, Chih-Shin Chen3, Yoshio Masuda4, Tadanori
Yamguchi5, Tomohiko Kawamura1, Yoko Iwata1
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Abstract
Understanding the degree of genetic divergence and connectivity among populations is a first step to
manage and conserve fishery resources. The swordtip squid (Uroteuthis edulis) is widely distributed in the
West Pacific where the Kuroshio Current flows from the Philippines through Taiwan to Japan. Despite
the importance of this species in fishery and ecology, its population structure in the Northwest Pacific
has not been clarified. In addition, this species shows three morphological types around Japan: Goto type,
which has a long and slender body; Budo type, which has a thick body; and Mehikari type, which matures
in a relatively small size. Although a previous study using mitochondrial DNA reported no genetic
difference between Goto and Budo types, the genetic relationship between the Mehikari type and the
other types remains unclear. In this study, we used mitochondrial DNA analysis to examine 1) genetic
differences between Mehikari type and other types, and 2) population structure of U. edulis in both
Taiwan and Japan. The results showed that 1) there was no genetic difference among the three
phenotypes, and 2) although a local population was found on the Pacific side of Japan, the level of genetic
differentiation between Taiwan and Japan was low, possibly due to transportation by the Kuroshio
current. The present study revealed that the three morphologically different types of swordtip squid are
not genetically divergent, suggesting great phenotypic plasticity in this species.
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P5.7
Leveraging a de-novo long read assembly for comparative and functional
genomics of the Octopus bimaculoides
Gabrielle Coffing ORCID iD1, Jeremea Songco2, Judit Pungor2, Denise Piscopo2, Adam Miller2, Cris
Niell2, Andrew Kern1
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Abstract
The California two-spot octopus (Octopus bimaculoides) was the first cephalopod genome to be sequenced
(Albertin et al., 2015). While this was a landmark accomplishment, the genome assembly is highly
fragmented, and thus problematic for in-depth transcriptional and single-cell analysis. As the genomes of
more cephalopod species are being sequenced, comparative genomics studies will have improved power,
thus it is essential to have high-quality genome assemblies and annotations (i.e., Li et al., 2019, Zhang et
al., 2021). Here, we describe a de-novo assembly of a high-quality, near chromosome-level O.
bimaculoides genome. The genome was sequenced to 28x coverage using Pacific Bioscience’s (PacBio) HiFi
long read technology and subsequently scaffolded with Hi-C sequencing. The re-assembled O.
bimaculoides genome is 2.56 Gb with a scaffold N50 of 2,761,593 bp from a total of 386.65 Gb of unique
PacBio HiFi data. To generate gene annotations, we mapped existing bulk RNA-sequencing data and new
PacBio Iso-Seq reads onto this genome assembly. Using our novel genome, we conducted a comparative
phylogenomics study to understand lineage specific evolution of octopuses and more generally,
cephalopods. We examined the repeat landscape, identified novel O. bimaculoides genes, and have begun
to infer whether any specific gene families played a role in developing the octopus’s unique phenotypes.
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P5.8
Characterizing the SLC17 gene family expansion
Neurogenomic insights into octopus intelligence

in

Cephalopoda:

Taryn M Gustafson, Robert R Fitak
University of Central Florida, Orlando, USA

Abstract
Octopuses and other cephalopods are uniquely valuable for comparative neuroscience. Octopuses, with
the largest relative brains of any invertebrate, display sophisticated behaviors often ascribed only to
complex vertebrates. While the capabilities of the octopus nervous system are similar to those of complex
vertebrates, cephalopod brains evolved independently of the vertebrate brain. Octopuses are ideal for
understanding the evolution of complex cognition, yet the genomic basis of cephalopod cognition is not
well understood. The evolution of nervous system complexity in the octopus likely included several gene
family expansions, such as in the SLC17 family. The SLC17 family is composed of nine anion transporter
proteins, including the sialins. While SLC17 proteins are involved in neurotransmission and are
expanded in the octopus genome, their role in cephalopod evolution is unknown. We characterized the
evolutionary history of the SLC17 family and its sialin subfamily across cephalopods and other major
bilaterian groups by predicting when gene family expansions occurred. Our reconstruction suggests that
the sialins have not themselves expanded, but rather the entire SLC17 family as a whole has expanded.
Future aims of this study include determining which SLC17 genes are under adaptive selection and
mapping expression levels across the octopus brain. Our research will provide insights into the
evolutionary roles of SLC17 gene family expansion in cephalopod cognition.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

152

P5.9
Looking for immediate early genes as neuronal activation markers in the
cephalopod mollusc Sepia officinalis
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Abstract
Immediate early genes (IEGs) are genes which are expressed rapidly and transiently in brain neurons in
response to various stimuli. Imaging IEGs is a commonly used tool to study neuronal activation, especially
in learning and memory tasks. Recent behavioural studies indicate how proficient common cuttlefish are
in these aforementioned tasks, however the neural substrates associated to these abilities have yet to be
fully explored. We aim to validate suitable IEGs and appropriate in situ hybridization (ISH) protocols to
perform functional studies of the cuttlefish brain. Three genes (cFos, Uch and Egr1) were selected as
potential IEG candidates, their orthologs were identified in Sepia officinalis transcriptomes and cloned for
RNA probe synthesis. Their expressions were compared both in nervous tissues (by ISH) and
quantitatively (by qPCR) between three groups of one-week-old cuttlefish. The stimulated group was
exposed to stimulations involving multiple sensory modalities (light flashes, odours, water movement and
vibrations). In the stress group, besides the stimulations, animals were subjected to “handling” stress. The
third group was a control group made of juveniles kept in the dark without stress and additional
stimulation. Our first results indicate that these three IEGs are expressed in the cuttlefish brain and
activated by sensory stimulation, showing at minima small differences. Egr1 shows the greatest differences
in neuronal activation between test and control groups, making it the best candidate for our upcoming
studies on neural substrates of cuttlefish memory.
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Immunity in common octopus: non-self recognition and immune response
induced by pathogens
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Abstract
The identification of immune genes in the common Octopus, Octopus vulgaris, also detected in other
invertebrates, lead us to hypothesize that these organisms might possess a potent and sophisticated
immune competence with a high diversification for non-self recognition, including traditionally adaptive
characteristics to mount memory. This approach deserves to be explored in more depth and this is the
objective of IMMUNOCTOPUS. For some 600 million years, deuterostomes have evolved independently
and differently from the protostomes, a clade of invertebrates subdivided in ecdysozoa (arthropods and
nematodes) and lophotrochozoa (annelids and molluscs). The main objective for this proposal is focused
on boosting the immune system of the common octopus to characterise its immune response against nonself particles. Classical immunology techniques and the use of massive single cell transcriptomics and
proteomics tools provides a complete overview of its immune competence. Non-self recognition is studied
both on grafting animals and also in octopuses immunostimulated, with the aim to identify the molecular
basis that governs the immune response against non-self recognition into the main cell/s population/s
involved in the immune response. The common octopus aquaculture production is currently ongoing
and significant progress has been made on this issue. It is important to take a step forward in acquiring
a solid knowledge about the octopus immune system in order to fight against diseases and stress derived
from confinement conditions and stabling octopuses for experimental approaches. This data open new
possibilities for disease prevention programmes both in aquacultured animals and those used for scientific
purposes
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The evolution of intelligence in cephalopods
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Abstract
Theorists working on the evolution of brains and intelligence have argued that sociality has been key to
the evolution of complex cognition. However, the tests of these theories have relied on data from more
social animals—primates, birds, and recently cetaceans. These theories and empirical tests predict that big
brains co-evolve with long lives, long juvenile periods and complex social organization. Coleoid
cephalopods, with their short lives, little to no nurturing of young, and at most simple social organization,
pose a challenge to these social brain theories. A new theory, the cultural brain hypothesis, tries to
generalize theories of brain evolution and has suggested another pathway of asocial learning with different
predicted brain correlates, such as a contracted juvenile period and lack of relationship with group size.
Coleoid cephalopods are an ideal test of these predictions. We are beginning a research project to compile
a large database of publications on Coleoid starting with brains, bodies, behavior, life history, sociality,
reproductive patterns, and ecology, assisted in the case of octopuses by the existing data of Borelli. Using
this dataset, we hope to learn more about the evolutionary roots of cephalopod intelligence. Such a dataset
will be useful in itself, but will also show gaps in our knowledge and point out patterns in the evolution
of intelligence that we might not have expected. The assistance of the community of cephalopod
researchers will be most helpful in targeting areas and emphases, and identifying caveats and challenges
that we may miss in this project.
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Epigenetic machinery is functionally conserved in cephalopods
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Abstract
Epigenetic regulatory mechanisms are divergent across the animal kingdom, yet little is known about the
epigenome in non-model organisms. Unique features of cephalopods make them attractive for
investigating behavioral, sensory, developmental and regenerative processes, but using molecular
approaches in such studies is hindered by the lack of knowledge about genome organization and gene
regulation in these animals. We combined bioinformatic and molecular analysis of Octopus bimaculoides
to identify gene expression signatures for 12 adult tissues and a hatchling, and investigate the presence
and pattern of DNA methylation and histone methylation marks across tissues. This revealed a dynamic
gene expression profile encoding several epigenetic regulators, including DNA methylation maintenance
factors that were highly conserved and functional in cephalopods, as shown by detection of 5-methylcytosine in multiple tissues of octopus, squid and bobtail squid. WGBS of octopus brain and RRBS from
a hatchling revealed that less than 10% of CpGs are methylated, highlighting a non-random distribution
in the genome of all tissues, with enrichment in the bodies of a subset of 14,000 genes and absence from
transposons. Each DNA methylation pattern encompassed genes with distinct functions and, strikingly,
many of these genes showed similar expression levels across tissues. In contrast to the static pattern of
DNA methylation, the histone marks H3K27me3, H3K9me3 and H3K4me3 were detected at different
levels in diverse cephalopod tissues. This suggests the methylome and histone code cooperate to regulate
tissue specific gene expression in a way that may be unique to cephalopods.
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Diet composition of wild Loligo vulgaris paralarvae along the West Iberian
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Elsa García Mayoral ORCID iD1, Álvaro Roura ORCID iD1, Ana Moreno ORCID iD2, Ángel F.
González ORCID iD1
1

Instituto de Investigaciones Marinas, Vigo, Spain. 2Instituto Português do Mar e da Atmosfera, Lisboa,
Portugal

Abstract
Prey identification in wild cephalopod paralarvae may be difficult by visual methods due to the ingestion
of liquidised contents, while next-generation sequencing (NGS) can provide a better resolution.
Molecular techniques such as NGS could be a good complementary approach to identify prey from family
to species from the stomach content. This study shows for the first time the trophic interactions of Loligo
vulgaris paralarvae in the western Iberian Peninsula. DNA from the dissected digestive system of 31
paralarvae was amplified with universal primers for mitochondrial cytochrome c oxidase subunit I gene
(COI) and sequenced with the MiSeq platform. Overall, 130 Amplicon Sequencing Variants (ASV) were
identified as prey (158,457 reads), being crustaceans the main prey accounting for 88.09% of the total
reads, mainly represented by calanoids 73.22%, euphausiids 5.73%, and decapods 2.75%. Distance based
linear model (DistLM) showed that the variables that most influenced the diet patterns were the spatial
variables accounting for 46.92% of the total variation. In the southwest Galicia, the dominant prey were
calanoids and euphausiids, while in the northern Galician coast the most important prey were
siphonophores and myopsids. The prey of Portuguese paralarva could only be classified at phylum and
class category identifying DNA of arthropods and hydrozoans. The results obtained in this study suggested
that L. vulgaris paralarvae are generalist predators during their paralarval stage.
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Session 6: Life History and Ecology

P6.1
Temperature effects on size, maturity, and abundance of the squid Illex
argentinus (Cephalopoda, Ommastrephidae) on the Patagonian Shelf
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Abstract
Cephalopod fisheries have expanded over the last decade. They are characterised by annual uncertainty
in yield quantity and quality. This is attributed to changes in environmental conditions such as
temperature combined with the semelparous life strategy (one reproductive cycle during life) of the
majority of squid species. We determined the effect of environmental temperature on several individualand population-level characteristics of Illex argentinus, a squid species in the South Atlantic that sustains
one of the largest commercial squid resources in the world. The effect of temperature on dorsal mantle
length, proportion of mature females, and abundance was determined in the context of the I.
argentinus life cycle periods, and migration patterns. This was achieved by performing 520 linear
regressions using a 20-year time series of fisheries data and monthly temperature data from the key regions
associated with I. argentinus life cycle on the Patagonian Shelf in the Southwest Atlantic. Temperatures
above 17.5°C in the hatching grounds lead to smaller and less mature females in the Falkland Islands
waters, during the feeding period. Larger females, a higher proportion of mature and maturing females,
and a lower abundance of I. argentinus were found in the Falkland Islands waters when temperatures in
the migration areas were higher than 13.5°C. These findings will aid in the forecasting and assessment
for future fishing seasons of this vital squid resource in the Southwest Atlantic.
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Seasonal, decadal and ontogenetic changes in the diet of Patagonian squid
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Abstract
It is well established that squid play an important role in marine ecosystems. Squid not only serve as an
important source of food for top predators, but are considered important predators themselves. Although
squid are nearly exclusively carnivorous hunters, ontogenetic diet change has been described in many
species. The Patagonian long-fin squid Doryteuthis gahi (d'Orbigny, 1835) has an annual life cycle with two
annual hatching events. These squid are schooling on continental shelves, transporting energy from lower
trophic levels to top predators. Earlier studies at the Patagonian shelf investigating the stomach contents
of D. gahi found a predominance of small euphausiids, but no study so far studied differences between
spawning cohorts or decadal diet shifts. The present study investigated differences in diet of D. gahi at the
Patagonian shelf between two different sampling periods in terms of temporal diet shift and differences
between spawning cohorts. General additive models were used to model the influence of mantle length,
sampling period and spawning cohort on the diet. Results revealed an ontogenetic diet change from
euphasids in small squid to fish and cephalopods at bigger sizes as well as an opportunistic feeding
behaviour of D. gahi. Furthermore, the use of a new food source, Munida gregaria was observed, related
probably to an increased abundance of this Lobster Krill. Findings of this study will be used for future
ecosystem modelling, leading to an improved management of the Falkland Islands marine environment.
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Abstract
Squids play a major role in the Southern Ocean food web, being consumed between 12 and 24 million
tons every year by top predators. However, the age and growth of Southern Ocean squid remains poorly
studied. Using upper and lower beaks of Moroteuthopsis longimana collected from Antarctic toothfish's
stomachs in the Ross/Amundsen Seas and South Sandwich Islands, we studied: 1) the use of beaks from
predators’ stomachs to aging studies; and 2) the age and growth of M. longimana. The rostrum sagittal
section of the lower beak showed to be the best region to observe and count a readable sequence of
increments to estimate the age of oceanic squids. Considering a daily deposition of increments, our results
suggest that M. longimana can live up to 820 days (i.e. > 2 years) and that individuals may hatch throughout
the year. All the studied individuals presented a similar growth pattern with a constant growth with at
least one period of faster growth. Differences were found between individuals from the Pacific and
Atlantic sectors, with individuals born in summer at the Pacific sector showing a slower growth in
comparison to those hatched in the winter, in contrast to those in the Atlantic sector. These differences
might be related with different environmental conditions between both sites and seasons. Our results
suggest that M. longimana presents a longer lifespan than other Southern Ocean squids (1 year) and,
reproducing across the four seasons, it is available to top predators throughout the year due to postspawning mortality.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

160

P6.4
Stable isotope analysis (δ13C and δ15N) and its recent applications to Arctic
cephalopods ecology
Alexey V. Golikov1, Filipe R. Ceia2, Rushan M. Sabirov1, Georgii A. Batalin1, Martin E. Blicher3, Bulat I.
Gareev1, Gudmundur Gudmundsson4, Lis L. Jørgensen5, Gazinur Z. Mingazov1, Denis V. Zakharov1, José
C. Xavier2,6
1

Independent Researcher. 2Universidade de Coimbra, Marine and Environmental Sciences Centre,
Coimbra, Portugal. 1 Independent Researcher. 3Greenland Institute of Natural Resources, Greenland
Climate Research Centre, Nuuk, Greenland. 4Icelandic Institute of Natural History, Collections and
Systematics Department, Reykjavik, Iceland. 5Institute of Marine Research, Tromsø Branch, Tromsø,
Norway. 2,6British Antarctic Survey, NERC, Cambridge, United Kingdom

Abstract
All species of Decabrachian cephalopods from the Arctic has recently been studied using stable isotope
analysis (SIA) of δ13C and δ15N in their beaks. Trophic level (TL) could be estimated based on δ15N using
specific equations, and δ13C is largely a proxy of habitat utilization capabilities. The studied Arctic species
are the pelagic squid Gonatus fabricii, the most abundant Arctic cephalopod, and nekto-benthic bobtail
squids of genus Rossia: the widespread boreal-Arctic R. palpebrosa, the high boreal R. megaptera and the
Arctic endemic R. moelleri. Significant geographic differences in δ13C values were found in all the studied
species, except for R. megaptera, where the carbon isotope values increase in westward direction.
Significant ontogenetic increase in δ13C values was only recorded for G. fabricii. Significant ontogenetic
increase in δ15N values and TLs was found in all studied species. G. fabricii showed steeper and more
pronounced increase in δ15N values and TLs, than bobtail squids. Among the bobtail squids, R. palpebrosa
had the highest variation of δ13C and δ15N values and TL, R. megaptera had the lowest variation of δ15N
and TL, and R. moelleri had the lowest variation of δ13C. Bayesian mixing modelling (SIMMR) has been
applied to Rossia spp., as their food spectrum, unlike that of G. fabricii, is largely unknown. SIMMR
estimated Crustacea as the most important prey group for R. palpebrosa (corroborated by stomach contents
analysis) and R. megaptera, and fishes for R. moelleri. These data suggest that different species will adaprt
differently in response to possible climate change.
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Abstract
The squid Gonatus fabricii is the most abundant pelagic cephalopod in the Arctic and the only squid
known to spend all its life cycle there. Despite this species is highly abundant and important for the
ecosystems, its reproductive biology remains poorly known. Extensive trawl sampling in Greenland and
adjacent deep-sea areas of the Barents Sea allowed us to study 52 large late maturing, mature and spent
specimens and describe reproductive biology and ecology of the species. The fecundity of females ranged
from 8,862 to 16,200 oocytes, with spent, mature and late maturing specimens having 9,112, between
8,862 to c. 10,000, and 11,402 oocytes, respectively. Oogenesis was synchronous, and oocyte resorption
was observed; resorbed oocytes constituted up to 30.2% of fecundity. Realized fecundity was found to be
28.0% of potential fecundity. Males had between 77 and 257 spermatophores with length 5.8–10.8 mm
(2.1–5.0% mantle length). Spermatophores were characterized by a cement body with well-developed
collar and discs at the oral end, an ejaculatory apparatus longer than the cement body and the lack of a
tapered, sharp tip of the cement body. Spermatophore size showed a uniform increase in relation to
increasing male size. In newer spermatophores, the length, width and volume of the seminal reservoir
also increased. Mated females had between 62 and 84 spermatangia with length 1.8–2.6 mm on their
buccal membranes. Our findings proved the hypothesis of geographically restricted spawning in G. fabricii,
and demonstrated one new breeding area of the species in south-eastern Greenland.
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Abstract
Vampyroteuthis infernalis is a widely distributed mesopelagic cephalopod with unique morphology: some
of its morphological traits are common to those found in squids and others similar to those of octopods.
We assessed its habitat and trophic ecology on a global scale via stable isotope analyses (δ13C and δ15N)
of a unique collection of beaks from 104 specimens from the Atlantic, Pacific and Indian Oceans.
Cephalopods typically are active predators occupying a high trophic level (TL) and exhibit an ontogenetic
increase in δ15N values and TL. Our results, presenting the first global comparison for a mesopelagic
invertebrate, demonstrate that V. infernalis occupies the same TL (3.0–4.3) over its global range and has a
unique niche in deep-sea ecosystems: this species has an ontogenetic decrease in δ15N and TL, coupled
with isotopic niche broadening. The explanation may lie in its ontogenetic change in locomotion mode.
Juvenile V. infernalis are mobile zooplanktivores, while larger specimens are slow-swimming opportunistic
consumers and ingest particulate organic matter (POM). This is not known among any other cephalopods
studied to date. This unique strategy is tightly coupled with the oxygen minimum zones (OMZs) often
inhabited by V. infernalis. It is suggested that OMZs have played a significant role in the success of this
species, as there are fewer predators and competitors present in OMZs, so evolving a feeding mode that
enables access to an abundant food source (POM with associated organisms) in an otherwise harsh
environment with low oxygen levels is a beneficial strategy.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

163

P6.7
The Brazilian common octopus Octopus americanus: a comparative insight
about its habitats in shallow waters
Mariana O Côrtes ORCID iD, Renato H A Freitas ORCID iD, Tatiana S Leite ORCID iD
Federal University of Santa Catarina, Florianópolis, Brazil

Abstract
Only recently the identification of the common octopus from Brazil were clarified, with the description
of two new species, Octopus insularis and O. americanus, as part of the Octopus vulgaris species complex.
Despite both species overlap in distribution in the Brazilian coast, their niches are different. O.
insularis inhabits the shallow tropical waters, while O. americanus is mainly cathed after 50 meters deep in
colder waters. In order to determine the habitat use of O. americanus at shallower waters and compare to
information about O. vulgaris sensu stricto and O. insularis, 55 visual censuses were conducted in
Florianópolis (South Brazil), from 2015 to 2021. Information about depth, water temperature, den type
and substrate were collected from each octopus found. Twenty-six O. americanus individuals were found
from 1.4 to 12.0 meters. We did not observe this species in the intertidal area. The water temperature
varied between 19-26°C, an intermediate value between O. vulgaris (10-24°C) and O. insularis (24-32°C).
Like O. vulgaris, O. americanus can occupy different den types, such as under a stone, between rocks or
hide under sand or rubble. Most octopuses (n=10) were found in rocky substrates, but also in rock-sand
interfaces (n=7), sandy or rubbles substrates (n=7) and shell beds (n=2). It showed a greater ability to
burrow under different substrates when compared to O. insularis. Because these species were misidentified
for a long time, studies to better understand the O. americanus’ niche are urgent to support adequate
management plans to its strong industrial fishery in Brazil.
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Abstract
Reproductive fitness is defined by the successful passing of an individual’s genes to the next generation.
Literature on coastal squids has described mate guarding as the pre- and post-copulatory sole role of males,
who are generally observed positioned around the female while she lays eggs in crevices, as well as
exhibiting agonistic displays to ward-off rivals in order to prevent insemination by other males’ sperm.
We observed Sepioteuthis lessoniana behavior during mating seasons in two distant geographical locations
(Egypt and Indonesia), and found new behavioral elements in the sexual courtship of S. lessoniana.
Notably, during agonistic bouts, we identified an undescribed display, performed particularly by the
dominant male towards rivals, which we named Tentacle Exhibition display. More importantly, we
observed that egg laying by females, was preceded by a probing of the same location by males (~87%
probability of laying eggs after male probing; exact binomial test: p = 0.005). Pre-probing locations carries
a clear risk for the male, as he abdicates from mate-guarding momentarily, but provides advantages to the
female. S. lessoniana is considered a species complex composed by several different cryptic species across
the Indian and Pacific Oceans, which suggests that either: a) the individuals observed are the same species,
or b) these behaviors are shared across cryptic species, either as a conserved trait or as a product of
convergent evolution. These results enhance our understanding of the ecological and evolutionary drivers
of different reproductive strategies and individual decision-making in squid groups.
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Abstract
Pelagic squids play a key role in marine food webs all over the world and are of steadily increasing interest
in terms of their biology, ecology and fisheries. In many ecosystems they currently appear to gain
competitive advantages within ecological communities, since their environments are exposed to to a
number of anthropogenicallydriven changes such as increasing temperatures and expanding oxygen
minimum zones. In some systems, decreasing competition and pressure deriving from large predatory fish
allow squids to thrive as well. As one of the consequences, a community shift towards squid-dominated
food webs can be observed locally. Here we present a case study performed off South Africa and Namibia
in order to assess the trophic position and dietary links of squids in the Benguela Upwelling System. Data
on occurrence, biodiversity and nutritional ecology of pelagic squids were collected on the RV Sonne
Cruise SO285 in austral spring 2021. Visual stomach content analyses combined with stable isotope data
revealed dietary habits and the possible role of squids in the trophodynamics of the Benguela Upwelling
System. Additionally, specimens from the hydrologically distinct northern and southern subsystems were
compared for potential differences between the two communities. These data will contribute to a better
understanding of the complex food web and trophic connectivity in the Benguela Upwelling System.
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Abstract
In this study, sequential stable isotopic values of δ13C and δ15N in eye lenses were measured to investigate
ontogenetic shifts in the trophic geography of Dosidicus gigas. A total of 617 segments from 73 lenses were
examined with δ13C ranging from -20.45 to -15.47‰ and δ15N ranging from 4.34 to 18.74‰. A
Generalized Additive Models (GAMs) result showed significantly increased isotopes across the eye lens
which significantly differed between years and sexes. Sequential increasing but a variation in δ13C and
δ15N values in eye lenses suggests that D. gigas opportunistically feeds on available prey but as it grows, it
becomes progressively able to consume prey from higher trophic levels, perhaps to maximize feeding
success.Significant ontogenetic differences in δ13C but not in δ15N at different growth stages. These
ontogenetic isotopic changes cannot be explained solely by trophic growth and may also be due to
geographic movement. The corrected standard ellipse area (SEAc) of the embryonic, paralarval, juvenile,
adult and dying phases were 10.802‰, 11.552‰, 9.152‰, 4.512‰ and 4.372‰, which suggests squid
in early life span live in wide areas with different isotopic baseline values, but adult squid forage in the
same habitat and become more specialized on particular prey. There were high and medium isotopic
overlaps between the two consecutive stages for before juvenile and after juvenile, respectively, which
reflect the squid nursery and foraging strategy. The lack of isotopic overlap between embryo and adult
squid suggests that maternal squid have different trophic and spatial ecology compared with their
offspring.
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Abstract
The African cuttlefish Sepia bertheloti is fished on the West African coast, often mixed with S. officinalis
and/or S. hierredda. As in other marine fished species, the sustainable management of their populations
begins with the understanding of the species life-cycle. Wild-caught samples of S. bertheloti from the same
season and two different fishing areas of West Africa were analysed: Morocco in the north and GuineaBissau in the south. This study aims to analyse, for the first time, the age and growth of the African
cuttlefish by using the rostrum sagittal sections (RSS) of the Lower Beak. A total of 120 specimens were
sampled in the laboratory (60 specimens from North Morocco and 60 specimens from Guinea-Bissau,
with Dorsal Mantle Length (DML) ranged between 63-130 mm and 122-170 mm, respectively. DML, wet
weight, sex and maturity state were recorded for each specimen. After extraction and preparation of hard
structures, a constant pattern of increments was observed in the RSS of lower beaks. The number of
increments was counted according to Perales-Raya et al. (20101, 20142). Individuals from Morocco showed
149-419 increments in beaks, while in those from Guinea-Bissau it was 174-433. Assuming a daily
deposition of growth increments in RSS beaks (as has been validated in other cephalopod species), the
results show different growth patterns in both areas of NW Africa. Sepia bertheloti shows a slower growth
rhythm in the waters of North Morocco, with smaller DML at the same age than off Guinea-Bissau.

(1)

https://doi.org/10.1016/j.fishres.2010.05.003

(2)

https://doi.org/10.2983/035.033.0217
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Abstract
The common cuttlefish Sepia officinalis is one of the most important species for cephalopod fisheries in
many countries along the Eastern Atlantic and the Mediterranean Sea. Knowledge of the life cycle of the
species is essential for understanding of its population structure and promoting sustainable management
of the resource. Age and growth studies are of a great demand in this context but require validating the
periodicity of increment deposition observed in hard structures, including early stages.
The beaks of juvenile cuttlefish were studied in order to identify growth increments. The increments
found in the rostrum surfaces were similar to those observed and validated in paralarvae of Octopus
vulgaris. To validate the temporal deposition in the early stages of S. officinalis, eggs were caught in The
Canary Islands (Spain) and reared in captivity to obtain hatchlings and juveniles of known age. The beaks
of 127 individuals between 0 - 31 days after hatching were analysed. The increments were counted in the
rostrum surface of lower jaws, where their visibility was higher. Readings were performed two times and
showed a coefficient of variation of 2.95 ± 5.98%. Image analysis and Differential Interference Contrast
under the microscope facilitated the identification of the first increment. The daily deposition of the
increments was validated in captivity up to 31 days after hatching. The periodicity of increment deposition
was analysed at two different temperatures (18ºC, 21ºC) and no significant differences were observed,
neither in the periodicity, nor in the growth of the reading area.
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Abstract
The Northwest and Southwest Atlantic ecosystems both contain commercially exploited loliginid squid
populations, but fisheries characteristics are largely different, targeting different stages of ontogeny. The
Patagonian long-finned squid (Doryteuthis gahi) in the Southwest Atlantic is targeted by large commercial
bottom trawlers during two fishing seasons, with the timing of each season roughly corresponding to the
appearance of each spawning cohort on their feeding grounds. The longfin inshore squid (Doryteuthis
pealeii) in the Northwest Atlantic is targeted year-round by smaller bottom trawlers on their inshore
summer spawning grounds and offshore overwintering area and has a population consisting of two
dominant spawning cohorts. Each species is exposed to very different oceanographic conditions, but the
targeted populations are located at approximately the same latitudinal plane so some life-history
characteristics may be similar. For both species, early life history stages are poorly understood, specifically
the winter spawning location for D. pealeii. Both species undertake inshore-offshore ontogenetic
migrations but D. pealeii also has a north-south seasonal migration pattern. This study compared timedelimited trace element profiles of statoliths (using LA-ICPMS) from each species collected throughout
2019. All intra-annual cohorts and an extensive geographic range were incorporated for both species, with
238 D. pealeii and 426 D. gahi analysed. Understanding patterns in migration within each population is
necessary for sustainable stock assessment and management of these species. It is rare to compare squid
species from such vastly different global locations, but our study should provide insights into population
dynamics similarities and differences that would otherwise not be considered.
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Abstract
The ommastrephid squid Todarodes pacificus forms two main populations with different spawning peaks
(autumn and winter). Both populations have widespread spawning grounds in the East China Sea, and
hatchlings are transported northward by the Tsushima Warm Current (TWC) to the Sea of Japan and by
the Kuroshio, a strong western-boundary current, to the northwest Pacific. Consequently, T. pacificus
paralarvae are spread over a large area with widely differing conditions for survival. This study identified
the optimal area for survival (OAS) from October to March in the East China Sea based on observations
from previous studies (i.e. optimal temperature, horizontal and vertical distribution pattern and spawning
area) and examined temporal and spatial changes of the OAS using a sea surface temperature data set
which based on the satellite remote sensing SSTs and in-situ observations. The OAS was found to shift
south due to cooling by the winter monsoon from the TWC to the Kuroshio. We conclude that the
differences in spawning grounds and transportation routes between the two populations are due to winter
cooling on the spawning grounds.
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Abstract
Cephalopods are an important component of the food web in pelagic systems. They play an ecological
role not only as predators but also as prey for many pelagic predators. However, their importance as prey
to apex predators such as tuna is not known. Samples were collected using longline surveys during two
cruises in 2018 and 2020 in the northern Gulf of Mexico (GoM). Cephalopod samples were obtained
during gut content analysis of the large pelagic fishes (e.g. tuna) caught during the cruises. We identified
persistent organic pollutants (POPs) in tissue samples of cephalopods and pelagic fish as alternative
trophic chemical tracers to more traditional trophic methods. Specifically, the focus of this pilot study
was to compare the composition of 130 targeted POPs between invertebrate and vertebrate species to
trace carbon trophic transfer. In addition, we quantified bioaccumulation of oil-derived polycyclic
aromatic hydrocarbons (PAHs) ten years after the Deepwater Horizon oil spill, and other compounds like
polychlorinated biphenyls (PCBs), pesticides such as DDT, and other persistent organic pollutants (POPs)
in cephalopods to identify possible multiple exposure sources of organic pollutants in the offshore oceanic
system of the GoM.
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Abstract
Uroteuthis edulis is a widely distributed squid species in the northwestern Pacific, displaying great variations
in life-history traits especially in Japan and Taiwan. Due to the complex oceanographic processes in this
area, seasonal and geographical U. edulis spawning groups might experience different environments. To
evaluate the influence of experienced environments on U. edulis life-history traits, trace
elements in statolith were analyzed to reconstruct experienced environments individually. A total of 426
individuals were randomly sampled from seasonal and geographical spawning groups both in Japan and
Taiwan. For each individual, the right statolith was used for age determination. The left one was used for
trace elemental analysis along the transect from the nucleus to the rostrum edge by laser ablationinductively coupled plasma-mass spectrometry (LA-ICP-MS). Sr/Ca ratio at the edge was negatively related
to the corresponding ambient water temperatures (WT). Sr/Ca ratio at the nucleus of Japanese
individuals were close or lower than those at the edge of Taiwanese ones caught during the hatching
season of these Japanese individuals, implying that the Japanese individuals were possibly hatched in
Taiwan or even south. A polynomial model on Sr/Ca trajectory was fitted to reconstruct variations of
lifelong experienced WT for each individual. Through comparing polynomial model parameters,
individuals caught in Japan during September-November had a similar Sr/Ca trajectory with those caught
in Taiwan autumn. Furthermore, those individuals showed similar growth rates but greatly different
proportions of mature individuals, suggesting WT determines squid growth, but maturation is affected
by other environmental factors except WT.
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Abstract
Metasepia cuttlefish have a very unique locomotion mode. They prefer to slow walk (amble) on the seafloor
than swim. Their ambling way is like quadrupeds walking. They use their ventral arms as forelimbs and a
pair of ambulatory flaps as hindlimbs alternately. The ambulatory flaps are important for understanding
their locomotion, but there are few studies for the flaps, especially their structures. Existing studies
considered that the ambulatory flaps were muscular; however, the actual structure has not been proved.
To clarify the ambulatory flap’s structure, we observed the histological morphology of the ambulatory
flaps of Paintpot cuttlefish (Metasepia tullbergi) and their ambling locomotion. We found that the
ambulatory flaps were not fully muscular. In histological observations, the skin had collagen connective
tissue and specific papillae muscles forming skin papillae. In behavioural observations, the ambulatory
flaps changed these shapes from erecting to shrinking repeatedly. The existence of skin papillae can
explain this shape-changing of the flaps since skin papillae can change their size and shape. Therefore, we
claimed that the ambulatory flaps had a skin papillae structure. This study showed the unique locomotion
strategy of Metasepia cuttlefish that they walk on the seafloor by using skin papillae whereas other benthic
cephalopods use them mainly for camouflage purposes. We suggested that Metasepia cuttlefish adapt in
distinct environments by this unique locomotion strategy.
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from the southeast Arabian Sea (SEAS)
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Abstract
The swordtip squid Uroteuthis edulis is an important commercial loliginid squid distributed in the IndoPacific region. In the Southeast Arabian Sea (SEAS), it is mainly captured in trawl throughout the year
and forms the second most important squid trawled. Uroteuthis edulis is distributed on the continental
shelf along with Uroteuthis duvaucelii. Despite their strong presence in the ecosystem, the population
characteristics and biology of the swordtip squid from the Indian Seas are poorly known. Therefore, this
study was conducted by analyzing the catch statistics of the squid from the SEAS during 2010 to 2019.
Seasonal variations in the catch and catch rates were observed with the higher landings of the species
occurring from September to October. The fishery presented a wide size range, with larger individuals
being represented by the males. In this study, we present the characteristics of this resource in terms of
the size composition, length-weight relationship, maturation, minimum size at maturity (MSM), length at
maturity (Lm), gonadosomatic index and statolith based age and growth in the region.
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Applying molecular markers to explore trophic niches of giant cephalopods in
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Abstract
Stable isotopes (SI) and fatty acids (FAs) analyses have been used to determine the trophic niche of three
large cephalopods species, Architeuthis dux, Taningia danae and Haliphron atlanticus, in the Canary Islands.
Stable isotopes (δ15N, δ13C) showed that T. danae and A. dux had highest δ15N values (14.46±1.59 and
13.95±0.75‰, respectively), occupying the highest trophic positions, while H. atlanticus with δ15N values
of 8.47±0.78‰ has a lower trophic position. The δ13C enrichment from H. atlanticus (-20.11±0.8) to A.
dux (-17.87±0.77), suggests differences in the feeding habitat of each species. Thus, trophic niche based
in SI values revealed partial trophic overlap between T. danae and A. dux, while H. atlanticus occupies a
different niche. Depleted δ13C H. atlanticus pointed to a prominent pelagic feeding, whereas enriched
δ13C A. dux and T. danae seems to be benthopelagic predators on island slopes. A total of 37 FAs were
determined in muscle samples, among them polyunsaturated fatty acids were predominant (49%) in the
three species followed by saturated (26%) and monounsaturated (18%) fatty acids. Individually,
docosahexaenoic acid (22:6n-3) was most abundant FA followed by eicosapentaenoic (20:5n-3), palmitic
(16:0) and ecosenoic acid (20:1n-9). Significant differences in the FAs profiles were found between
species, with highest levels of 18:0, 18:2n-6, 20:4n-6, 22:5n-6 for H. atlanticus, the levels values of 18:1n7, 20:1n-9 and 22:6n-3 to T. danae and highest level of 22:5n-3 for A. dux. Multivariate analyses on FAs
profiles found dissimilarities among these species. Future quantitative diet analyses using trophic markers
will be carried out.
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Virtual dissection of Vampyroteuthis infernalis provides the first 3-D
comparative morphological study between fossil and extant Vampyromorpha
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Abstract
Computed Tomography (CT) is a non-invasive imaging method that allows a realistic 3-D visualisation of
internal structures. It provides the opportunity to accurately determine soft tissue morphology, especially
in less common or deep-sea taxa; an issue identified as one of the major challenges in cephalopod research.
This technique can be utilized for morphological characterization of extant species and can also provide
meaningful analyses between fossil and extant forms. Much attention has been focused on the systematic
position and ecology of Vampyromorpha and its only living species, Vampyroteuthis infernalis. Here, we
directly apply this imaging technique in a comparative anatomy study between extant and fossil
Vampyromorph taxa: modern Vampyroteuthis infernalis, and a supposed related species from the Jurassic,
Vampyronassa rhodanica. Scans of three extant specimens from museum collections (AMNH and YPM IZ),
and three exceptionally preserved fossil specimens were utilized. The data obtained demonstrates that key
Vampyroteuthis characters (such as sucker attachments) were already present in Jurassic taxa. However,
these characters were coeval with morphology consistent with a pelagic predatory lifestyle indicating that
the detritivorous ecology of Vampyroteuthis was not employed by ancestral forms, and that it represents a
more recent adaptation to deep sea ecosystems. This research highlights the utility of CT imaging and its
application for visualizing internal structures in their natural state. Disseminated through digital
databases, these anatomical reconstructions can advance the understanding of soft tissue morphology,
and provide data for comparative, functional, and ecological studies.
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Seasonal fecundity pattern and spawning dynamics of the common cuttlefish
Sepia officinalis in Thermaikos Gulf, Aegean Sea
Kostas Ganias ORCID iD, Irini-Fotini Kompogianni
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Abstract
The seasonal fecundity pattern of common cuttlefish, Sepia officinalis was assessed in Thermaikos Gulf,
one of the species’ main fishing grounds in the E. Mediterranean. Female samples, collected with coastal
fishing gears during the population spawning season - January to July -, were analysed using a combination
of histology and whole mount analysis of ovarian tissue. The potential fecundity was shown to vary
seasonally, showing the highest values at the beginning of spawning, gradually dropping thereafter.
Previtellogenic oocytes (<0.5 mm) were the most prevalent group occurring throughout the spawning
period in all maturity stages. Low or null levels of oocyte recruitment during the spawning period in
combination with seasonal drop in fecundity and clutch specific egg production suggest that the fecundity
pattern of cuttlefish displays similarities with the so-called determinate fecundity pattern of fishes. Spent
females end-up having small reserves of secondary growth oocytes (pre- and vitellogenic) that will never
be spawned. Potential annual fecundity was thus estimated as the difference in total fecundity between
pre-spawners and spent females and equalled to 2,569 oocytes/eggs. For a spawning period of four
months, the ratio between potential fecundity and clutch size (100-200 eggs) indicated 13 to 25 different
spawning events with a mean interval of 5 to 9 days.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

178

P6.22
Early-life stages of cephalopods - an identification handbook
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Abstract
Thirty years have passed since Sweeney et al. (1992) produced the highly influential “larval handbook”, a
practical guide to identifying the early life stages of cephalopods. At the CIAC2018 Paralarval and Juvenile
Cephalopods workshop, attendees recognized the need to produce an updated reference focused on this
important but poorly understood phase of life. Consequently, a team of 48 authors from 14 countries
and five continents are writing a new, Open Access book that reviews and summarizes 30 years of progress
in our understanding of the early life stages of cephalopods. This 600-page book will be a richly-illustrated
presentation of the size-based characters needed to identify species in all currently recognized
families. The family chapters will be accompanied by approximately 400 illustrations and many highquality color plates. Introductory chapters will describe and define the early life cycle phases and stages,
outline collecting and fixation methodologies, and identify best practices in illustration and
photography. A community-vetted key to families and a glossary of early life history terms will be included
and augmented with illustrations. We anticipate the book will be published by Springer in 2022 and
hope it will serve as an essential reference in the field and as inspiration for a new generation of early life
history researchers.
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Progress in the analysis of English Channel loliginid squid diets using DNAbarcoding techniques
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Abstract
Study of the diet of squid is hampered by the fact that these animals manipulate their prey and do not
necessarily ingest the hard parts that allow the determination of prey remains present in the stomach.
The result is a large percentagen of "indeterminate teleost fish" in stomach contents. This is widely
described in the literature and has also been found in samples from the English Channel of the two
loliginid squid exploited in this area (Loligo forbesii and Loligo vulgaris). New biological samples of both
species were collected at the Port-en-Bessin fish market during the 2019-2020 fishing season. Stomach
content DNA was extracted and the COI gene was selected by PCR and sequenced using a highthroughput next generation sequencing. The DNA barcoding results were compared with the databases
available online. These preliminary results validate a protocol based on commercial samples kept frozen
before analysis. Sequences allowed 34 different types of prey to be determined to the species level,
including 17 teleost fish species. Although cannibalism could not be proven, accurate determination of
the remains of cephalopod prey underlined the high occurrence of cuttlefish eaten by both species of
squid. Food composition was analysed in order to make comparisons between species, between seasons
(in L. vulgaris) and according to the predator size.
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Aspects of the ecology of Octopus vulgaris in the coastal kelp forest of False Bay,
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Abstract
Octopuses play an important role in the trophic dynamics of marine ecosystems. In South Africa,
surprisingly little ecological work has been conducted around the locally occurring Octopus
vulgaris lineage. Its role on the ecosystem, especially on the coastal kelp forest, has not been studied. This
realization was highlighted by the popular Netflix Original documentary My Octopus Teacher, which
showcased an astonishing plethora of new but scientifically unpublished ecological behaviours. Octopuses
are asocial and rarely interact with conspecifics yet occur in unusually high densities along the peninsula
side of False Bay. We aim to observe individual and perhaps communal behaviour of these animals in the
wild, which has rarely been done. Octopuses are generalist foragers but have been shown to develop
individual specializations. In a region of such high densities of octopus, this can have significant
consequences for the population distribution of prey species and further ecosystem functioning. Through
long term monitoring of localized octopus distribution and through an intensive daily monitoring of
foraging and feeding behaviour, we aim to better understand the interactions and effects of the presence
of octopuses and their individual personalities on the trophic dynamics within the kelp forest. Following
the global success of the My Octopus Teacher documentary, octopuses have become a flagship species for
the conservation of South Africa’s kelp forest ecosystem. Research such as this will not only provide
scientific knowledge of their behaviour and cognition but can help gain the support for the conservation
of this iconic ecosystem.
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Phenologies of the common cuttlefish Sepia officinalis reproduction strategies
on the French coasts of the Bay of Biscay
Elodie Réveillac ORCID iD1, Mickaël Heudier2, Yohan Weiller3, Emilie Roche4, Guillaume Ortega5,
Kévin Leleu6, Thomas Lacoue-Labarthe ORCID iD2
1

La Rochelle University, UMR 7266 LIENSs, La Rochelle, France. 2CNRS, UMR 7266 LIENSs, La
Rochelle, France. 3OFB, Parc Naturel Marin de l'Estuaire de Gironde et de la Mer des Pertuis, La
Rochelle, France. 4CDPMEM 17, VALPENA, La Rochelle, France. 5CAPENA, Arcachon, France. 6OFB,
Parc Naturel Marin du Bassin d'Arcachon, Arcachon, France

Abstract
The common cuttlefish Sepia officinalis is among the most exploited species by the French fisheries. In the
Bay of Biscay (BoB), large recruitment and stock variations occur but cuttlefish assessment and
management are impeded by biological knowledge gaps. Among environmental conditions, temperature
is a key factor driving cuttlefish life history traits, such as the age at reproduction and thus life span of
this semelparous species. From the northernmost to the southernmost parts of its distribution, 2-yearslong and 1-year-long life cycle strategies take turns, respectively. Compared to a biennial life cycle, the 1year-long strategy implies more precocious sexual maturation of smaller breeders with a lower fecundity
inducing a higher risk load for the population every-year renewal. At intermediate latitudes, in the BoB,
both life strategies have been reported to co-exist, but small-scale balance of strategies across the
temperature gradient of the Bay has not been investigated. In this study, bi-monthly surveys were carried
out over 1 spawning season at fisheries markets in the Pertuis Charentais and in Arcachon Bay with
monthly sampling of individuals for biometry and fecundity indices estimates. The co-occurrence of the
two reproductive strategies in both spawning grounds of the BoB has been confirmed. The monitoring
of their respective phenologies evidenced that large specimens of 2-years-old breeders arrive first, followed
by smaller and less fecund 1-year-old breeders. Spatial time lag and dominance ratio of these strategies
were also observed between the two spawning grounds. Implications for population dynamics, fisheries
management and response to ocean warming are informed.
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Quick and transient! Growth and lifespan of squids in the tropical Arabian Sea
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Abstract
Squids support an important fishery component in the Arabian Sea. Because of this, efforts have been
made during the last few decades to study the population characteristics of squids for an understanding
of their population dynamics. This work is the first attempt to study the age and growth of different
squid species from the Arabian Sea by using “Statoliths”. A total of 15 squid species, including five
species of Myopsida squids and ten species of Oegopsida squids, were successfully aged by counting the
statolith growth increments. Neritic myopsid squids have relatively faster growth rates when compared
to oceanic oegopsid squids, except the pelagic Diamondback squid Thysanoteuthis rhombus which had the
fastest growth rate among the 15 squids studied. The statolith-based age studies revealed that the lifespan
of neritic squids of the tropical Arabian Sea is short (less than 180 days) compared to temperate
squids. Cohort-wise growth analysis proves that increased water temperature leads to faster growth and
short lifespans. All pelagic squids have a faster growth rate and shorter lifespan than mesopelagic squids.
In the light of a very fast growth rate and short lifespan, squid assessment models have to account for this
unique life history. Fishery researchers and managers have to take into consideration the very short-lived
nature of squid populations and conduct in-season assessments and real-time management.
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Age and growth of the medium form of purpleback flying squid Sthenoteuthis
oualaniensis (Cephalopoda: Ommastrephidae) from the southeastern Arabian
Sea
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Abstract
The purpleback flying squid Sthenoteuthis oualaniensis (Lesson 1830) is one of the most abundant squids
in the oceanic waters of the tropical Arabian Sea. However, nothing is known about the age and growth
of the species from the southeastern Arabian Sea. The present study focused on the age and growth of S.
oualaniensis from the tropical Arabian Sea by using “statoliths”. A total of 131 individuals including 30
paralarvae and juveniles, 57 females and 44 males, ranging in dorsal mantle length (DML) 7 to 325 mm
were studied. The age of the individuals ranged from 38 days to 156 days. The daily growth rate (DGR)
of the squids ranged from 0.12 to 2.1 mm DML/day. With an average DGR of 1.39mm (1.0-2.1 mm),
DML/day the female squids recorded a faster growth rate than males, 1.08 mm DML/day (0.951.35mm). The life span of the squid is probably <6 months in the southeastern Arabian Sea. The age at
maturity was estimated at 115 days for males and 118 days for females. Further, the age-ML and age-BW
data were best fitted with linear and power models. The back-calculation of hatching dates shows that
November is the peak spawning period in the Arabian Sea, though, we have also observed that the
spawning takes place throughout the year.
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Abstract
To explore the feasibility of using beak microstructure to estimate the age of purple-back flying squid
(Sthenoteuthis oualaniensis), microstructures of the upper beak were used to analyze the age and growth
pattern of squid caught from May to August in 2017 and 2018 in the Xisha Islands Waters of South
China Sea. Three typical growth zones (hood region, crest region and axis), abnormal increments (checks)
and erosion were found in the microstructure in beaks examination. The dominating dorsal mantle
length (ML) for males and females were distributed in 112.13(±15.23mm) and 119.67 mm(±24.50mm)
with ages no more than 10 months for males and females. Back-calculated hatching dates were from May
2016/2017 to February 2017/2018. All sampled squid belonged to the autumn-winter cohort. Significant
difference was found into the relationships of ML and age in different genders with similar growth
pattern. Exponential models were best described the relationships between age and ML for both sexes as
well as BW. Linear model was best described the relationship of age and upper rostrum length (URL).
The maximum absolute daily growth rates (AGR) in ML were reached during 241-270 days for both sexes.
Different maximum AGRs in BW were reached during 181-210days and 241-270days for males and
females. The period of 121-210days (4-7 months) was considered as the subadult stage in whole life history
for S. oualaniensis in the Xisha Islands Waters of South China Sea. This study confirmed that beak
microstructure works well for estimating the age of S. oualaniensis.
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P7.1
Yearly embryo fitness of the red octopus, Octopus maya (Voss and Solis, 1966),
and Brazil reef octopus, Octopus insularis (Leite and Haimovici, 2008) reflects
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Abstract
It has been proposed that the thermal sensitivity of embryos has the potential for biomonitoring the
effects of CC as their development affects the recruitment and the population dynamic. Therefore, this
work tested if suitable temperatures for embryo development are reflected in historical fisheries trends
for Octopus maya (Mexico [1993 - 2015]) and O. insularis (Mexico [1993 - 2018] and Brazil [2001 - 2010]).
We collected total landings (TL) and the boat numbers of the Small-scale fleet (BN) for the Mexican states
of Campeche and Yucatan from official sources. The Brazilian Institute of Environment and Renewable
Natural Resources provided data for Rio Grande do Norte, Brazil. The TL was divided by the BN
(TL/BN). Posteriorly, embryo thermal data from the Marine Organisms Experimental Laboratory at the
“Universidad Nacional Autonoma de Mexico” in Sisal were fitted using a Generalized Additive Model
and projected to each year and fishing region to obtain a fitness mean for year. Finally, TL/BN was
correlated with Fi with a Pearson correlation. For Mexican data, results were significant (P < 0.05) for O.
maya (R = 0.36) and O. insularis (R = 0.42) while Brazil data was not, probably as an effect of the small
sample size (n = 10). Evidence shows that octopuses’ fitness is linked to catches trends at least for O. maya
and O. insularis Mexican populations. In this sense, warming seas have been favorable for octopus
development, however, if the species' threshold is surpassed, a decrease in the TL could be expected.
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Catch rates dynamics and thermal influence in Dosidicus gigas (Oegopsida:
Ommastrephidae) from coastal habitats of Southern Humboldt system
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Abstract
Variations in the population abundance of squids are related to fishing, environmental variation, and
demographic traits. The population dynamics of commercial squid stocks can be inferred through fishery
catch rates. Thus, we tested the influence of environmental variation on the population dynamics of
Dosidicus gigas off the Chilean coast. We standardized catch rates (CPUE) from the artisanal fleet
obtained in three fishing zones of the Chilean coast: North (Coquimbo), Central (Valparaíso), and South
(Bio-bío) in the period between 2014 and 2020. Autocorrelation functions allowed studying the
population dynamics and their relationship with thermal anomalies and sea surface temperature, as a
proxy for short-term environmental changes. The seasonal changes in the catches of D. gigas in the three
fishing zones evaluated are related to seasonal thermal anomalies. Hence, we suggest that the population
dynamics result from spatial migration associated with the reproductive cycle of jumbo squid off the
Chilean coast.
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Abstract
Validation of seafood authenticity and provenance, although challenging, has attracted the attention of
not only authorities but also consumers, encompassing food safety and conservation issues. The escalating
number of food fraud events has raised concerns regarding seafood traceability, especially concerning the
high value and highly consumed seafood products, such as cephalopods and more specifically the
common octopus (Octopus vulgaris). While most seafood traceability studies focus on muscle tissues, the
eye lenses, beaks, or ink fluid have been largely overlooked in terms of trace element fingerprinting. These
matrixes have the advantage to be discarded during animal evisceration, prior to consumer acquisition.
The use of such unconventional matrixes also provides different temporal resolutions: muscle signatures
correspond to the accumulation during the growing season, while beaks and eye lenses have specific
timestamps and precise growing features, whereas ink is produced and discarded more frequently as a
tool of animal defence. Therefore, the present work aims to evaluate elemental fingerprinting tools of
conventional (muscle) and unconventional (ink, eye lenses and beak) tissues allied to chemometric
approaches, to depict animal capture area in order to be included in a biochemical labelling tool, that
can unequivocally inform consumers on seafood product origin and support management of
commercially targeted species.
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Octopus fishing in the Tagus estuary and contributions to sustainable
management
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Abstract
The Tagus estuary, in Portugal, with about 320 km2, is one of the largest estuaries in Europe, thus, several
fishing communities dedicated to octopus’ fisheries can be found in it. For the first time, a comprehensive
study was done with report to all the vessels triangulated with the answers of all fishermen, which allows
us to know the exact quantity captured in the estuary. For this purpose, in 2018, data from all vessels
were collected and all the fishermen were interviewed. In this study, the different types of fishing gears
employed are described, as well as the purpose and the procedures of their construction. On the other
hand, the real volume of captures in the estuary and the fishing efforts were thoroughly calculated.
Furthermore, the main problems reported in this activity were: environmental damages, legal issues,
usages and the relationship between all the intervenients in the process. In the end, several changes were
proposed in the management of sustainable octopus’ fisheries in this area, which can be replicated to
other areas.
Financial suport: SFRH/BD/115779/2016
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Abstract
Food allergy is an increasing worldwide problem. Food sensitization can occur by skin contact due to
professional exposure and lead to clinical allergy, but data are sparse. In the Portuguese population diet,
Octopus is usually fished and consumed. The major allergen (Oct v 1) in the muscle of the octopus Octopus
vulgaris is tropomyosin, a highly conserved muscle protein with cross-reactivity between molluscs (bivalves,
cephalopods, or gastropod) and also with arthropods (crustacea, insects and dust mites). The aim of this
study was to investigate the prevalence of allergic sensitization to Octopus vulgaris on fishermen that
captures it and establish its clinical relevance of it. It was applied a survey concerned to respiratory and
food allergy. Skin prick tests with aeroallergens extracts and prick -to- prick skin tests with octopus were
performed. The sample was 17 fishermen from a village that mainly capture of octopus, using pots and
traps. Like in general population, 29% of fishermen have dust mite sensitization, but 35% of them has
octopus sensitization, instead of the expected sensitization rate lower than 5%. Also, there was no
significant correlation with dust mites sensitization (spearman rank order correlation p˂0,05). Our results
show a higher prevalence rate, unrelated with dust mites sensitization, and probably due to professional
exposure. This is the first study with octopus’ fishermen in Portugal. Larger studies with a molecular
profile should be performed in order to establish the clinical relevance of this data and the healthcare
impact of it.
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Abstract
We studied the cephalopod species composition in the Brazilian sardine Sardinella brasiliensis purse-seine
fishery off southeastern Brazil (21–29oS). The cephalopod species composition was described from two
data sources and two periods, namely: in situ bycatch recorded from fishing trips monitored by on-board
scientific observers (2009–2015), and cephalopod prey in commercially important predatory fish bycatch
(2000–2012) from a literature review. We compared the spatio-temporal variability of cephalopod species
occurrence from these two sources. Further information recorded included purse-seiners’ fish storage
method (i.e. ice and refrigerated brine), and the thermal preference of fish predators as well as that of the
cephalopod bycatch. Overall, we found nine cephalopod species belonging to nine families:
Amphitretidae, Argonautidae, Enoploteuthidae, Loliginidae, Ommastrephidae, Onycoteuthidae, and
Tremoctopoteuthidae. Among the cephalopod species recorded in situ as bycatch, Argonauta nodosus,
Doryteuthis sanpaulensis, and D. pleii were present in all vessels surveyed. However, Octopus americanus
occurred exclusively in the catches of vessels that stored the catch in ice, while Tremoctopus violaceus
appeared only in refrigerated brine vessels. All cephalopod species found as bycatch were also present in
the diet of commercially important predatory fish. A PERMANOVA test showed that the composition
of cephalopod prey in the fish diet had significant differences according to the vessel´s storage method
and fishing ground. Moreover, a cluster analysis identified four distinct cephalopod groups. The
cephalopod biodiversity patterns observed likely result from fishing vessel metier (defined here mostly by
the fish storage method) and the regional oceanographic setting associated with each fishing ground.
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Catch profile of the cuttlefish trammel net fishery in the N. Aegean Sea
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Abstract
Cuttlefish fishing in Greek small-scale fisheries is mainly carried out with trammel nets. This study
monitored catch profile in trammel-nets over an entire fishing period regarding species composition,
seasonal fluctuation in daily catches and demographic structure of cuttlefish in Thermaikos Gulf, N.
Aegean Sea. Cuttlefish was the main species caught (43.2% of the total biomass) and its catches peaked
in January and then gradually decreased until July. Retained bycatch catch and discards accounted for
31.3 and 25.5% of the total biomass, respectively. In the period between May and June, a trammel net
with a smaller mesh-size opening was operated due to the prevalence of smaller individuals while the
proportion of cuttlefish below minimum landing size (80 mm) was 0%. There was a smooth seasonal
decline in sex ratio, gradually falling from 0.66 in February to 0.48 in June. The retained bycatch consisted
of 39 species most of which were actinopterygians (36 species); the most diverse family was the Sparidae
(12 species). The species with the highest biomass amongst retained bycatch were the common octopus,
the musky octopus, the brown meagre, and the black scorpionfish. Discarded specimens belonged to 73
invertebrate species (2 of which cephalopods), and 25 fish species (22 actinopterygians and 3
elasmobranchs). The most discarded organisms both in terms of abundance and biomass were
invertebrates, mainly gastropods (Hexaplex trunculus and Bolinus brandaris) and sea urchins (Parcentrotus
lividus and Sphaerechinus granularis).
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Impact of the cuttlefish fishery in the dynamics of an estuarine ecosystem
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Abstract
Small-scale fisheries (SSF) have worldwide socio-economic importance. In southern Europe, SSF is of
special relevance, representing in Portugal 80% of the fishing fleet, 53% of fishing employment and 5060% of fresh fish delivered. SSF is characterized by a large number of vessels with a small-scale spatial
operational nature, which poses challenges in assessing their impact and evaluating the status of the
exploited resources. The SSF operating in the River Sado Estuary with trammel net and targeting
cuttlefish and sole was monitored with real-time tracking systems (GPS). Cuttlefish length landing data
and reproductive status were registered. Results show that the fishery targets mature large-sized cuttlefish
and present a seasonal pattern (high values from December to May), that reflects species migration
between the estuary and adjacent waters. Also indicates that bycatch includes species with an ecological
vulnerability like Rajiformes. Fine-scale spatial resolution maps of fishing grounds, fishing effort and
species Spatio-temporal dynamics were constructed. A reference fleet was identified and questionnaires
to fishers were conducted with the aim to obtain additional data on the fishing activity and insight on
the traditional ecological knowledge (TEK) on species abundance and life-history. With the outputs, we
aim to fulfil the need to develop appropriate management measures for SSF, thus contributing to the
integrative spatial management of the Sado River estuary and neighbouring areas, as well as an example
of the usefulness of electronic systems to foment the sustainability of the coastal ecosystems and the
resources exploited.
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The chestnut octopus (‘Octopus’ conispadiceus): A review of its ecology and
fishery in Japan
John R Bower
Hokkaido University, Hakodate, Japan

Abstract
The chestnut octopus (‘Octopus’ conispadiceus) is distributed in the Northwest Pacific off Japan, Sakhalin
and the southern Kurile Islands. Around Hokkaido, it occurs at 30-600 m depth, moving seasonally
between deep areas in summer and shallow areas in winter. Body size is thought to reach 7 kg, but age
and growth are poorly understood. Maturation occurs at about 3 kg. Spawning occurs in May-June at 120180 m in the Sea of Japan and in winter around 70 m in Eastern Hokkaido. Females spawn about 1000
large (major axis: about 15 mm) eggs. There is no planktonic paralarval stage; hatchlings are thought to
settle immediately on the seafloor. In Japan, most of the catch occurs in Hokkaido, and >80% of the
Hokkaido catch occurs along the Pacific coast. The fishing season runs from October through the
following spring, with peak catches occurring in January-February east of Cape Erimo and March-April
west of Cape Erimo. Fishing depths shift with the seasonal movement of the octopuses. Fishing gear
includes baitless longlines, octopus boxes, basket nets, offshore bottom seine nets, and gill nets. Annual
catches in Hokkaido were 8,000-9000 t during 1985-1990, but dropped to 4,000-5,000 t during 19911995. After 1997, catches increased to around 7,000 t until 2003, but surged to >12,000 t during 20042005. Since 2007, catches been around 5,000-7,000 tons (5,616 t in 2017).
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Abstract
Due to the increased concern by seafood consumers about ocean-friendly choices, market tools such as
Fishery Improvement Projects (FIPs), recommendation and certification programs, are gaining attention.
We mapped the market-oriented initiatives for cephalopod fisheries worldwide. We considered certified
cephalopod fisheries from the Global Sustainable Seafood Initiative (GSSI) members, thus, those certified
by the Marine Stewardship Council (MSC), fisheries positively rated in rating programs from
Certification and Ratings Collaboration and others – the Seafood Watch of the Monterey Bay Aquarium
(MBA), the Good Fish Guide of the Marine Conservation Society (MCS), and the Ocean Wise Seafood
of the Vancouver Aquarium (OWS) – and fisheries included in FIPs from FisheryProgress. In total, we
found 53 market-oriented initiatives for cephalopods, including 22 cephalopod species (11 octopus, 10
squids, 1 cuttlefish): 4 MSC-certified fisheries, 38 positively rated (19 MBA; 4 MCS; 15 OWS) and 11 in
FIPs (none in Europe). North America, Europe and Asia together account for almost 80% of these
initiatives. In addition, we have also mapped other initiatives, which include cephalopod fisheries working
towards entering a FIP, backed up by octopus and squid Supply Chain Roundtables from Sustainable
Fisheries Partnership, or in MSC programs (BluFish, MedFish, Fish for Good and SWIOCeph) towards
sustainability. We intend to include these initiatives in an online platform that will benefit fisheries
stakeholders, but might be of interest of the general public as well.
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Abstract
In Southern Europe, cephalopods are part of the traditional diet and the Iberian Peninsula is one of the
main contributors to cephalopod landings. In Portugal – and more specifically in the Algarve – the
common octopus is one of the most important and most valuable (at first sale) fishery resources. This
species is mostly captured with pots and traps by the local small-scale fleet. Despite the high importance
of this fishery to the local community, socioeconomic and management information, essential to improve
long-term octopus fishery sustainability, is scarce. To gauge stakeholders’ views on the key priorities and
actions to improve environmental, economic and social sustainability in octopus value chains, we
conducted semi-structured interviews (n=30) with octopus fisheries stakeholders (i.e., producers, business,
public administration, non-governmental organization and scientists) from the Algarve, Portugal. The
main priorities (and actions in parenthesis) identified by the stakeholders were related to: i. governance
(increase control and surveillance; increase compliance by all actors in the value chain to rules and
regulations; increase participation and responsibility of all actors in the value chain); ii. promote and add
value (certification and labelling of products; implement measures to increase profits for fishers;
shortening the supply chain); iii. management (implementation of biological closure; effective adaptive
fisheries management; improve biological data collection); iv. product traceability (improve traceability of
octopus products); and v. increase investments and funds (increase financial support and social security;
increase investment in infrastructure).
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Investigating the knowledge of octopus fishermen about allergies to Octopus
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can lead to cross-reaction with other captured species
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Abstract
Nowadays, the allergies in humans, that consuming marine products, are increasing and cephalopods are
not an exception. Octopus is a food which may result in allergy symptoms because of essentially to
tropomyosin in composition. Another problem is cross-allergy provoked by manipulation during fishing
of different species from different groups (crustacean, fishes, molluscs) and manipulation of animals
captured and recipients used aboard. For this study two Portuguese zones were chosen that were famous
for octopus fishing by using pots and traps. The methodology used consisted in a presential
survey/interview and observation method. The results demonstrated that the majority haven't heard
about seafood or cephalopods allergy. Some procedures aboard aren’t avoided cross reaction allergy and
can even promote the occurrence of it. Is necessary and urgent to give in-formation to the fishermen
about allergen problems and correct some behaviors aboard.
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Reproductive traits and feeding activity of the commercially exploited common
cuttlefish Sepia officinalis (Linnaeus, 1758) in the western Mediterranean Sea
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Abstract
This work investigates basic reproductive parameters, ecology and population structure of the common
cuttlefish. A total of 1217 individuals were sampled monthly from both the offshore bottom trawl and
the inshore trammel net fishery off the Mallorca Island (western Mediterranean) during 2017-2019. Mean
size of individuals and sex-ratio differed between depths, with males and females being more abundant
inshore and offshore waters respectively. The estimated size at first maturity (L50) was 87 mm for females
and 78 mm for males. S. officinalis has a continuous reproduction throughout the year with a spawning
peak between March and June, and the temporal distribution of maturity stages by sex reflected the
precocious maturation of males. Ovary development analysis showed an asynchronous oocyte
development and a mean batch fecundity of 158 ± 14 eggs/female. The stomach fullness was found to
decrease during reproductive development while the vacuity index followed the opposite trend, indicating
a lessening of the feeding activity during gonadal growth for both sexes. The feeding activity was higher
in females compared to males, which was probably related to the higher energetic cost associated with
reproduction. While the digestive gland index (DGI) in females did not decrease during the course of
sexual maturation, depleted values of DGI were observed in spawning males reflecting sexual differences
in allocation strategy at this stage. Those results suggested that common cuttlefish fulfil the cost of
reproduction through both current food intake and accumulated somatic reserves
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Abstract
In the last sixty years, commercial cephalopod populations have been seen to increase. This growth has
been hypothesised as a result of high flexibility of cephalopods to environmental change and to the
overfishing of their competitors. There are doubts to the first, as there are studies suggesting negative
effects of climate change on cephalopods. Hence, it is paramount to understand if with future climate
change scenarios, an expansion of their distribution and increase of habitat suitability, or a shift towards
new waters with a decrease in overall habitat suitability will be observed. In this study we develop a species
distribution model (SDM) to forecast the distribution of the world’s main commercial squid (Illex
argentinus, Nototodarus sloanii, Todarodes pacificus, Berryteuthis magister, Doryteuthis gahi, Doryteuthis opalescens,
Doryteuthis pealeii, Loligo vulgaris, Loligo reynaudii) in different future climate change scenarios. We used
datasets collected from BIO-ORACLE (temperature, salinity, current speed; both surface and benthic
level environmental variables) to characterize the habitat of cephalopods, at sites where animals were
previously registered (data collected from GBIF and OBIS). This data was used to build prediction models
and additionally, maps of predictions for habitat suitability and binomial presence-absence were plotted.
Preliminary analysis shows that most studied commercial species did not show a poleward increase in
habitat suitability under future climate change.
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Abstract
A sample of 35 females and 36 males of Octopus vulgaris caught in Central East Atlantic waters (Canary
Islands) was kept in captivity until death. They were fed fish, crustaceans and molluscs ad libitum.
Individual wet weights (W) were measured several times throughout captivity and at death. Individual age
at death was estimated according to the number of daily increments counted in the lateral wall surface
(LWS) of upper beaks. For each individual two independent LWS readings were performed and the
coefficient of variation between them (CV) was calculated. The widths of the daily increments (WDI)
were measured under the microscope with an Image Analysis System. In this way, the age of each
individual at day 0 of captivity was determined. Subsequently, for each individual, the beak and the W
growth were correlated (Spearman’s ρ) at each time interval.
As a result, the mean ages ranged between 278-650 days, with a mean CV of 2.14%. Relationships of age
vs beak and body measurements were weak (r2<0.5) since most octopuses were senescent or post-spawned
animals with slow or even negative growth in their final stage. Regressions between beak measurements
and body weights were better (r2=0.7), with the strongest correlations (r2>0.8) in individuals dead before
senescent inanition. Spearman’s ρ between cumulative WDI and W was high in all individuals, and ρ
between WDI increase and W increase was high only in ~40% of individuals. The potential estimation
of past W in the wild using measurements under captivity is discussed.
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Raising small intertidal octopus Octopus incella Kaneko & Kubodera, 2007
from egg to maturity
Keishu D Asada, Chanyoung Kim, Zdenek Lajbner, Teresa L Iglesias, Samuel Reiter
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Abstract
Cephalopods are gaining interest for their potential as laboratory animals, but few octopus species can be
cultured for the entirety of their life cycle. Octopus incella Kaneko & Kubodera, 2007 is a small nocturnal
octopus found along the intertidal zones of Okinawa, Japan, growing to about 30mm in mantle length.
It is a small-egg species whose hatchlings have a planktonic stage, transitioning to benthic life over a period
of two to four weeks. Wild O. incella adults were caught from tidal pools on Okinawa Island in November
and December 2020. They were kept separately in tanks supplied with filtered flow-through seawater at
the Marine Science Station of the Okinawa Institute of Science and Technology, where several individuals
laid egg clutches after one to two months in captivity. The hatchlings were raised on a diet of live artemia
nauplii, mysid shrimp, wild-caught crab zoa, and frozen shrimp and whitebait (Japanese anchovy). A few
hundred hatchlings spawned with about 30 surviving by the end of the first month. The hatchlings were
initially kept as a group, but progressively split into smaller groups until they were given individual tanks
at 6 months. Five individuals were successfully raised to maturity. At 7 months, controlled introductions
resulted in multiple mating events. Because of its small size and relative ease of culturing for a species
with planktonic larvae, O. incella shows promise for use as a laboratory animal.
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Abstract
*these authors contributed equally to the work

The genus Sepioteuthis contains species that are commercially and scientifically important. Culturing
attempts have been ongoing since the 1980s. Three members of the Sepioteuthis lessoniana species
complex of oval squids inhabit coastal waters of Okinawa Island and we are culturing all of them at the
Marine Science Station at OIST. Culturing oval squids in controlled conditions enables us to research
various aspects of their biology. We have bred one member of the species complex, called Shiro-ika, in
captivity for 9 generations and have so far not observed any sign of inbreeding depression. This makes
the oval squids prospective animal models for research and prospective food animals for industrial
aquaculture.
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Diversification of sucker formation processes among cephalopods
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Abstract
Cephalopods exhibit highly-modified body plans with various novelties. Especially, suckers on arms are
unique traits with sophisticated structures for providing various functions such as prey capture and
locomotion. Among cephalopods, sucker morphologies are diversified depending on species-specific lifehistory strategies, so that suckers are thought to have played key roles in the cephalopod adaptive
radiation. However, the evolutionary processes of the sucker acquisition and diversification have yet to
be elucidated. Also, all the extant coleoids possess well-developed suckers, while the extant nautilids lack
suckers. In this study, therefore, to accumulate basic information of sucker formation and infer the sucker
structures in the cephalopod ancestors, sucker-formation processes were observed and compared among
several cephalopod species, including Sepia esculenta (Sepiida), Sepioteuthis lessoniana (Myopsida), and
Amphioctopus fangsiao (Octopoda). The observation results showed some common features in the suckerformation processes. For example, on the oral side of the most distal part of the arm, sucker-producing
epithelial area was seen, adjacent to which sucker primordia were produced towards the proximal arm
part. In contrast, the morphologies of sucker-producing area and the sucker arrangement were diversified
among species. These results indicate that the earliest steps of the sucker-formation process of cephalopod
ancestors have been modified in the cephalopod evolution, although basic patterns of sucker formation
are shared among species. Furthermore, to infer the preadaptive conditions leading to the sucker
formation, observations on tentacles of some nautilid species were also carried out.
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Abstract
The colour-changing ability of cephalopods has inspired the development of new technologies. Recently,
special attention has been dedicated to structural proteins (reflectins) found in cephalopods visual
systems. In vivo, upon a phosphorylation trigger, reflectins form microstructures that work as Braggreflectors. Recombinantly produced reflectins have shown great potential as biophotonic and protonconductive materials[1]–[3].
In this work, we study the reversible self-assembly properties of two reflectins, one from the light organ
of E.scolopes[4] and another from the skin tissue of O.bimaculoides[5]. Both, have different sequence
compositions which impact their biophysical properties and self-assembly mechanisms. We firstly
optimise the production of these protein sequences by recombinant expression and the downstream
purification methods. Secondly, we characterised their biophysical properties, namely by Circular
Dichroism to assess protein folding and thermal stability, by Dynamic Light Scattering and Atomic Force
Microscopy to study protein organization into particles. Our results indicate that reflectins self-assemble
into nano- and microparticles and change dimension by varying the solvent conditions. Finally, we
showed that both reflectins have different capacity to reversible self-assembly, that is related with their
sequence composition. Our results strongly corroborate the idea that reflectins sequence is important for
the necessary reversible stimuli-responsive reorganization at the molecular level with impact on the optical
phenomena associated with camouflage.
[1]L.Phan et al.,ACS Appl.Mater.Interfaces(2016),vol.8,no.1,pp.278–284.
[2]P.B.Dennis et al., APLMater.(2017),vol.120701,no.5,pp.1–8.
[3]R.M.Kramer, et al., Nat.Mater.(2007),vol.6,no.7,pp.533–538.
[4]W.J.Crookes et al. Science(2004),vol.303,no.5655,pp.235–238.
[5]C.B.Albertin et al., Nature(2015),vol.524,no.7564,pp.220–224.
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Abstract
The skin of shallow-water cephalopods is renowned for its color and texture change abilities, unlike the
skin of deep-sea octopods which is limited in these regards. In some deep-sea octopods, notably the genus
Graneledone, the dorsal mantle, head and some arms are covered with subdermal warts that appear to be
permanent, fixed structures. Although the warts are generally termed cartilaginous, their composition has
been unknown.
To expand our knowledge of the skin and the composition of the warts in Graneledone pacifica, we
investigated them using brightfield and scanning electron microscopy. A layer of reticulated collagen
fibers lies under the epidermis; beneath it, chromatophore organs form multiple, poorly organized layers.
Chromatophore organs in shallow-water taxa, in contrast, form one layer immediately under the
epidermis. The warts of Graneledone underlie the chromatophore organs and appear to be formed from
extensive ground substance (amorphous gelatinous material usually composed of water and large organic
molecules) amid elastin fibers. Scattered muscle fibers run throughout the ground tissue but do not
penetrate the collagen fibers near the epidermis. The wart’s overall anatomy appears clearly comparable
to and potentially homologous with that of the extensible dermal papillae of shallow-water octopods
reported by Allen et al. 2014 (J Morph 275:371). The ground substance amid fibers has parallels with the
dermal structures of the Chiroteuthoidea, as do the strongly reduced mantle musculature and
considerable connective tissue superficial to the mantle muscles. We hypothesize the dorsal dermal
structures offer a functional benefit to these deep-sea animals.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

205

P8.7
De-fossilizing ancient cephalopods with computer simulations and biomimetic
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Abstract
Today, few cephalopods manage buoyancy with an external, chambered conch (i.e., Nautilida). However,
these ectocochleate cephalopods (e.g., ammonoids and nautiloids) were vital components of marine
ecosystems for the majority of the Paleozoic and Mesozoic; contemporaneous with coleoid cephalopods
for hundreds of millions of years. During this time, ectocochleates experimented with immense variations
in conch shape, occupying a much larger portion of the planispiral morphospace compared to modern
representatives. Computer reconstructions and hydrostatic simulations demonstrate that cephalopods
from the majority of the morphospace have much lower stability than extant Nautilus. The relationship
between hydrostatics and hydrodynamics (flow responses to external shape) for conchs of a particular size
(~1 kg; 15-23 cm) were investigated with biomimetic, 3D-printed robots. Various kinematic properties of
these neutrally buoyant, self-propelling robots were investigated with 3D motion tracking. These
experiments demonstrate that morphologies with high whorl exposure (serpenticones) had similar
hydrodynamic properties to streamlined forms (oxycones), but the low hydrostatic stability of the former
may have restricted its direction of movement. Inflated morphologies (sphaerocones) have poorer
acceleration and coasting distance compared to serpenticones and oxycones, but trade these properties
for improved maneuverability (i.e., rotation about the vertical axis). The relative “performances” of these
cephalopods can provide critical context to the ecology and evolution/extinction dynamics of shelled
cephalopods during the Phanerozoic. Furthermore, they demonstrate some limitations of using modern
analogues to inform on the life habits of extinct animals.
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P8.8
Distribution and characteristics of chromatophores in the giant Pacific octopus
(Enteroctopus dofleini)
Makoto Kishimoto, John Richard Bower
Hokkaido Universiy, Hakodate, Hokkaido, Japan

Abstract
Chromatophores are the key skin element responsible for color change and body patterning in coleoid
cephalopods. This study was conducted to examine the morphology and color of chromatophores in the
skin of the giant Pacific octopus (Enteroctopus dofleini) using image analysis. The number and size of
chromatophores differed among body parts; they were smaller and more numerous on the dorsal surface
of the mantle than on the ventral surface, and on the arm tips than on the base of the arms. Darker
chromatophores were generally larger than lighter ones. Possible factors responsible for these observations
will be discussed. In the future, this study will also examine chromatophore development in the early life
stages and compare E. dofleini with other cephalopods.
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P8.9
The “little brain” in Octopus vulgaris: A preliminary investigation of the
enteric nervous system.
Erica Spasiano, Paul L. R. Andrews ORCID iD, Giovanna Ponte ORCID iD
Stazione Zoologica Anton Dohrn, Naples, Italy

Abstract
“Little brain” describes neurones within the wall of the digestive tract forming the enteric nervous system
(ENS). The neurochemically complex ENS is present throughout the vertebrates and similar structures
occur in many invertebrate phyla, but cephalopods have not been studied in detail (see E. Baldascino et
al., 2017 for refs). Using histology (Golgi-Cox) and immunohistochemistry (ac-Tub) we investigate the
structure and innervation of the digestive tract in adult O. vulgaris. In the oesophagus and crop an inner
circular muscle layer is sandwiched between two longitudinal layers; in the intestine we identified only
an outer longitudinal and an inner circular muscle layer. In the stomach the outer layer is circular, the
inner layers are longitudinal and oblique while in the caecum muscle fibres are sparse. We found no
evidence for structural sphincters (i.e. thickened circular muscle) at the oesophagus/crop/stomach
junctions. Nerve cell bodies were identified in the crop and intestine between the longitudinal and
circular muscle layers forming a circumferential ring of neurones This organization resembles the
myenteric plexus in vertebrates. Neurones in the stomach, are scattered with no fixed orientation or
relationship to the muscle layers. In the crop, caecum and intestine nerve fibres project deep into the
epithelial layers (sensory/secretomotor function?). The gastric ganglion (GG) has a dense neuronal cortex
with nerve fibres supplying the crop, stomach, caecum and intestine; the GG may be an integrative
interface between brain and ENS. These studies inform complementary molecular and functional studies
of the control of digestive tract functions.
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P8.10
Proteogenomic study of the effect of an improved mixed diet of live preys on
the aquaculture of Octopus vulgaris paralarvae
Inmaculada Varó ORCID iD1, Maria Prado-Álvarez2, Ignacio Ortea3, Amalia E Morales4, Pablo GarcíaFernández5,6, Pedro Domingues5, Ricardo Tur5,6, Sonia Dios2, Camino Gestal2
1

Instituto de Acuicultura Torre de la Sal IATS-CSIC, Torre la Sal, Castellón, Spain. 2Instituto de
Investigaciones Marinas IIM-CSIC, Vigo, Spain. 3Proteomics Unit, Universidad de Cádiz and Instituto
de Investigación e Innovación Biomédica de Cádiz (INiBICA), Cádiz, Spain. 4Departamento de Zoología,
Facultad de Ciencias, Universidad de Granada, Granada, Spain. 5Instituto Español de Oceanografía,
Centro Oceanográfico de Vigo, Vigo, Spain. 6Pescanova Biomarine Center, Grove, Potenvedra, Spain

Abstract
The main bottleneck for commercial production of the common octopus (Octopus vulgaris) is the mass
mortality of paralarvae in the first 15-20 days after hatching (dph), remaining still unresolved the main
responsible factors. This study investigates proteomic and transcriptomic responses of octopus paralarvae
fed on an improved live preys-mixed diet (M) compared to an Artemia-based (A) reference diet. M Diet
resulted in the highest paralarvae specific growth rate obtained to date under culture conditions. This is
supported by most of the proteins and genes over-expressed in M group being linked to cell cycle and
replication, production of structural components, and development of the nervous system. Furthermore,
the differential nutritional regulation of several genes and proteins seems to indicate that, instead of fatty
acids, the preferred fuels for cephalopods would be proteins and carbohydrates. Also, M diet provides a
better nutrient balance, which has allowed carrying out this comparative study in paralarvae under
optimal conditions at a more advanced stage of growth (20 dph) than in previous studies. Moreover, the
paralarvae culture extended up to 40 dph showed for the first time a proper pre-settlement behaviour.
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P8.11
Gaps in octopus first life stages nutrition
Eduardo Almansa ORCID iD1, Virginia M. Martín1, Inmaculada Varó2, Camino Gestal3, Amalia E.
Morales4, Lorenzo Márquez5, Ismael Hachero-Cruzado6, Gabriel Cardenete4, Elena Rodríguez7
1

Spanish Institute of Oceanography-CSIC, S/C de Tenerife, Spain. 2Spanish National Research Council,
Ribera de cabanes (Castellón), Spain. 3Spanish National Research Council, Vigo (Pontevedra), Spain.
4
University of Granada, Granada, Spain. 5University of Almería, Almería, Spain. 6IFAPA, Cádiz, Spain.
7
University of La Laguna, La Laguna (S/C de Tenerife), Spain

Abstract
Despite of the recent advances in common octopus (Octopus vulgaris) rearing, nutrition remains as the
main bottleneck along the first life stages of this species. In the present communication, we discuss
three main approaches to deal with this problem:
1.
Development and formulating inert diets, improving its biochemical composition, buoyancy,
acceptability and ingestion.
2.
Design of new Artemia enrichment protocols, with phospholipids, n-3 HUFA, copper and
antioxidants, for use in co-feeding with other live preys.
3.
Search for alternative prey with an adequate nutritional profile, easy to capture and keep in
captivity or commercially available.
However, for the selection and/or optimization of these diets, a deeper knowledge of the physiology
and nutrition of the first life stages of the common octopus is needed through:
•
The study of metabolic pathways and nutritional requirements through analysis of
transcriptomics, proteomics, enzyme activities and pathway modeling.
•

Selection of biomarkers of nutrition and growth.

•

Studies of in vitro and in vivo digestibility, absorptive process and histological studies.

•

Microbiota profile and selection of probiotics.
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P8.12
Quantitative morphological comparison of the digestive tract in cephalopods
and comparison with fish
Paul L R Andrews1, Marcial Arellano-Martínez2, Nefertiti T Roldán-Wong3, Antonio V Sykes4,
Giovanna Ponte1, Carlos Rosas5, Gavan M Cooke6
1

Stazione Zoologica Anton Dohrn, Naples, Italy. 2Instituto Politécnico Nacional, Centro
Interdisciplinario de Ciencias Marinas. Av. Instituto Politécnico Nacional s/n, La Paz, Mexico.
3
Universidad Autónoma de Baja California Sur, La Paz, Mexico. 4CCMAR - Centro de Ciências do Mar
do Algarve, Faro, Portugal. 5Unidad Multidisciplinaria de Docencia e Investigación Facultad de Ciencias
Universidad Nacional Autónoma de México Puerto de abrigo s/n Sisal, Yucatán, Mexico. 6The
Cephalopod Citizen Science Project, Poole, United Kingdom

Abstract
Digestive tract (DT) morphology studies of cephalopods have identified major differences (e.g., crop
absent in Sepia officinalis) but quantitative studies are primarily of the digestive gland. We report results
from an ongoing quantitative study (currently 7 Octopodiformes, 7 Decapodiformes) Including literature
data collation.
DT: The wet weight of the DT including crop (if present), stomach, caecum, and intestine ranges from
~1% - 2% of body weight (BWt). In fish, covering 30 species of marine teleosts and elasmobranchs the
digestive tract ranges from ~1% (sea bass) to ~6.0% (angler fish).
Regional differences: The stomach ranges from ~0.3% - ~0.5% BWt; preliminary data in Tremoctopus
violaceus indicates that it may be heavier (~0.9%). The caecum ranges from ~0.3% (Octopus vulgaris) ~1.1% (Loligo bleekeri; Omura & Endo, 2016) with values for squid overall being higher than other species
currently analysed.
Digestive gland (DG): The DG ranges from ~1% (Loligo edulis) to ~7% (Euprymna morsei; ibid) BWt with
other squid, cuttlefish and octopuses (12 other species) having intermediate values. The DG was heavier
in females vs. males in 4 octopus species currently studied. In fish (42 species) the liver ranges from
~0.5% (scabbard fish) to ~7% (trigger fish).
The preliminary data shows relatively little variation in the overall weight of the cephalopod digestive
tract compared to fish but both have marked regional differences, whereas the DG and liver ranges are
comparable; potential explanations will be discussed. Analysis of differences in the DT (e.g., caecum) and
DG between cephalopod species will facilitate understanding relationships between structure, function
and diet.
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P8.13
How do octopuses deal with stress?
Ricardo Tur ORCID iD1, Joao P. Silva2, Pablo García-Fernández1, Laura Guerrero-Peña3, Pablo
Touriñan1, Alexander P. Scott4, Adelino V.M. Canario2, Josep Rotllant ORCID iD3
1

Pescanova Biomarine Center, Pontevedra, Spain. 2Centro de Ciências do Mar, Universidade do Algarve,
Faro, Portugal. 3Aquatic Biotechnology Lab. Dept Biotechnology & Aquaculture (IIM-CSIC), Vigo,
Spain. 4Centre for Environment, Fisheries and Aquacultue Science (CEFAS), Weymouth, United
Kingdom

Abstract
The importance of cephalopods and specifically octopuses as a highly appreciated culinary product and
as an important fishing resource is widely known worldwide. This, together with its biological
characteristics (short life cycle and high growth rate) make it as important potential species for its
cultivation and domestication. However, many basic aspects of the biology and physiology of this species
are still a mystery. Recognizing signs of stressed octopus, defining reliable stress biomarkers and knowing
how to manage stress levels is key in ensuring octopus domestication and cultivation. In verterbrates,
Glucocorticoids (GCs) are the final effector products of the neuroendocrine HPA/HPI axis governing
energy balance and stress response, but what happens in cephalopods and specifically in octopuses?.
Therefore, the main objective of this study is to demonstrate whether glucorticoids, as in vertebrates, are
involved in the response to stress in octopuses and therefore can be used as reliable stress biomarkers in
this species. Our data show, for first time, the absence of the two main glucocorticoids governing energy
balance and stress response in vertebrates (cortisol and corticosterone) in the hemolymph samples of
cultured octopus. These results, along with the idea that just because it is possible to measure vertebrate
glucocorticoids in the tissues of mollusks and the surprisingly large number of studies showing that they
can readily absorb, conjugate and retains vertebrate steroids from the environment, calls into doubt the
claims that glucocorticoid concentrations are functionally linked to stress response and they can be used
as a biomarker in mollusks.
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P8.14.
Identification of stress biomarkers in aquacultured paralarvae of Octopus
vulgaris: searching for welfare using a transcriptomic approach
Camino Gestal1, Sonia Dios2, Pablo García-Fernández2,3, Ricardo Tur4,3, Pedro Domingues4,
Inmaculada Varó5
1

Marine Research Institute (IIM), Spanish National Research Council (CSIC),, VIgo, Spain. 2Marine
Research Institute (IIM), Spanish National Research Council (CSIC), Vigo, Spain. 3Pescanova Biomarine
Center, O Grove, Spain. 4Spanish Institute of Oceanography, Oceanographic Center of Vigo, Vigo,
Spain. 5Institute of Aquaculture Torre de la Sal (IATS), Spanish National Research Council (CSIC),
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Abstract
The common octopus, Octopus vulgaris, is an excellent candidate for aquaculture diversification. However,
the massive mortalities during early life-cycle stages have hampered its commercial production. Great
progress has been recently made, but its commercial aquaculture is still at experimental stage. Search for
biomarker genes to optimize the culture is a priority and novel sequencing methodologies offers new
perspectives. In this study, a suboptimal culture condition (SO) of octopus paralarvae was performed to
analyse the effect of the stress caused by abiotic factors (reduced tank volume and increased light intensity)
on its culture compared to optimal conditions (O). Paralarvae of O. vulgaris at 20 days post hatchling
cultured in SO and O conditions were sequenced by RNA-seq for a massive de novo transcriptomic
analysis following TRINITY protocol. Differentially expressed genes were subsequently analysed. A total
of 564 genes were found differentially expressed, of which 409 were up-regulated in paralarvae grown in
SO conditions compared to O conditions. Gene ontology enrichment analysis revealed terms related to
proteolysis and catabolism as well as neuropeptide transport significantly up-regulated in paralarvae grown
in SO conditions, whereas calcium and protein binding, and chitin, aminoglycan and glucosamine
metabolic processes were more represented at O conditions. Response to stimulus and activation of the
immune response were also differentially expressed. The selection of candidate genes as stress markers
will serve to evaluate welfare and health in aquacultured paralarvae of O. vulgaris. This approach will
provide new perspectives and will open new opportunities to improve the culture of this species
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Workshop 1 – Oral presentations
Saturday, April 2, 2022

W1.1. Macroecology, ecogeographic rules and cephalopods
Rui Rosa ORCID iD1
1

MARE - Faculdade de Ciências da Universidade de Lisboa, Lisbon, Portugal.

Abstract
Macroecology aims to characterize and explain statistical patterns of abundance, distribution, and
diversity. In other words, and quoting Brown and Maurer (1989), macroecology attempts to gain “insights
that come from applying the questions posed by ecologists to the spatial and temporal scales normally studied by
biogeographers and macroevolutionists”. Here, I will present general principles of ecogeographic rules,
including latitudinal gradients of species richness, Rapoport’s rule, Bergmann’s rule and temperature-size
rule, Vermeij’s predation escalation hypothesis, Thorson’s rule of larval development, bathymetric
gradients of species richness, island rule and evolution of body size in the deep-sea, among others, with
special focus on cephalopod-related studies. I also point out the need to evaluate the cephalopod largescale spatial patterns with general ecological theories, namely: species-energy theory (SST and SBT as
proxies, species-productivity theory (Chla as proxy), species-area theory (shelf area as proxy), mid-domain
effect, among others. It is also highlighted that marine research exhibits a general neglect of developments
in general ecological theory.
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W1.2. Global biodiversity and biogeography of coastal octopuses
Rui Rosa ORCID iD1, Michael Amor2,3, Francisco Borges ORCID iD1, Ian Gleadall4, Vasco Pissarra
ORCID iD1, Roger Villanueva5, Janet Voight6, Christian M. Ibáñez7
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MARE - Faculdade de Ciências da Universidade de Lisboa, Lisbon, Portugal. 2Department of Aquatic
Zoology - Western Australian Museum, Welshpool, Australia. 3Royal Botanic Gardens Victoria, Victoria,
Australia. 4Graduate School of Agricultural Science - Tohoku University, Sendai, Japan. 5Institut de
Ciències del Mar - CSIC, Barcelona, Spain. 6Life Sciences Division - Negaunee Integrative Research
Center Field Museum, Chicago, USA. 7Departamento de Ecología y Biodiversidad, Facultad de Ciencias
de la Vida, Universidad Andres Bello, Santiago, Chile

Abstract
This study provides an updated overview of extant octopus species richness from the aspects of taxonomic
rank, lifestyles, and habitat, and identifies global hotspots of coastal species richness (at both realm and
ecoregion levels) for the ranks of family and genus. Most octopus species are coastal (47% and 57% of
genera and species, respectively), and the best-known shelf-associated fauna inhabit the realms of the
Central Indo-Pacific (CIP; 31%), Temperate Northern Pacific (TNP; 29%), and Temperate Australasia
(TAUS; 15%). Yet, at increased spatial resolution (eco-region level), the richness hotspot for coastal
octopuses is located outside CIP, in the Central Kuroshio Current (CKC; with 21 species) eco-region
located within the TNP. At different scales, both the Caribbean area and the Cortezian ecoregions are
hotspots for Octopus, the most diverse if not necessarily monophyletic genus. Shelf-associated octopuses
show higher rates of endemism in the Southern Ocean (87%), followed by Temperate South America
(67%) and TAUS (65%), and lowest endemism in the Arctic (17%).
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W1.3.
Estimating the influence of body size on the geographic distribution of
cephalopods from a macroecological phylogenetic approach
Christian Ibáñez1, Felipe Torres2, M. Cecilia Pardo-Gandarillas1, Sergio Carrasco3, Enrico Rezende4
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Abstract
Macroecological studies have mainly focused on the relationships between body size and geographical
distribution at large scales, with most of them being conducted on terrestrial species. Few studies have
been carried out on aquatic species, and even less have considered the importance of phylogeny in the
observed patterns. In this context, cephalopod mollusks possess large geographic and bathymetric ranges
as well as wide range of body sizes, becoming a good study model to evaluate macroecological hypotheses.
Here, we evaluated the potential relationships between body size (i.e. mantle length) versus geographic
(i.e. latitudinal range and area) and bathymetric (depth range) distribution of 190 cephalopod species
distributed worldwide. We evaluated the phylogenetic signal and correlated evolution of aforementioned
traits (i.e. body size and distribution) to assess the role of ancestral-descendant relationships on the
distribution of cephalopods using a molecular phylogeny based on 3 and 4 mitochondrial and nuclear
genes, respectively. Analyses showed the existence of a relationship between body size and geographic and
bathymetric distribution, with the area of distribution showing the best fit and being positively related
with body size. In addition, significant differences were evidenced between benthic and pelagic species
for both geographic and bathymetric distribution. Phylogenetic signal was high for all traits, showing that
there is a high degree of concordance between the phylogeny and macroecological traits. Geographic and
bathymetric distribution of cephalopods evolved in association with body size, with larger cephalopods
(e.g., jumbo squid, giant squid) exhibiting wider distributions than smaller species (e.g. pygmy squid and
octopus).
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W1.4.
Bioluminescent cephalopods across the oceans
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Abstract
Cephalopods are present in all oceans, from Polar Regions to the tropics for which the distribution of
coastal cephalopods was recently described, characterizing the species richness of such cephalopods and
their diversity in the different oceans. Some cephalopod species are bioluminescent, defined as the
capacity of emitting visible light by a living organism. Bioluminescence is used by numerous species,
including the cephalopods, for various reasons, from camouflage (by counter-illumination) to
communication. While some species possess bioluminescent cells, a few benefit from a symbiosis with
light-producing bacteria (e.g. some Sepiolidea). However, the general distribution of bioluminescent
cephalopods is not yet described. Within this context, this study described, for the first time, the
distribution and abundance of bioluminescent cephalopods species across the oceans and coastal areas.
Among the 818 studied cephalopod species, 253 were bioluminescent, where the order Oegopsida had
the highest diversity of bioluminescent species (70%) followed by the Myopsida (33%) and Sepiida (26%).
It is worth noting that 3 cephalopod orders are represented by bioluminescent species only
(Bathyteuthida, Spirulida and Vampyromorpha), while the Nautilida and Idiosepida are only composed
with non-bioluminescent species. The ocean with the highest number of bioluminescent species is the
Pacific (157) followed by the Atlantic (118) and Indian (111) oceans. To conclude, this review outlines
and complements the distribution of the known cephalopods that are bioluminescent across our oceans.
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Distributional projections of world’s main commercial squid under climate
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Abstract
In the last sixty years, commercial cephalopod populations have been seen to increase. This growth has
been hypothesised as a result of high flexibility of cephalopods to environmental change and to the
overfishing of their competitors. There are doubts to the first, as there are studies suggesting negative
effects of climate change on cephalopods. Hence, it is paramount to understand if with future climate
change scenarios, an expansion of their distribution and increase of habitat suitability, or a shift towards
new waters with a decrease in overall habitat suitability will be observed. In this study we develop a species
distribution model (SDM) to forecast the distribution of the world’s main commercial squid (Illex
argentinus, Nototodarus sloanii, Todarodes pacificus, Berryteuthis magister, Doryteuthis gahi, Doryteuthis opalescens,
Doryteuthis pealeii, Loligo vulgaris, Loligo reynaudii) in different future climate change scenarios. We used
datasets collected from BIO-ORACLE (temperature, salinity, current speed; both surface and benthic
level environmental variables) to characterize the habitat of cephalopods, at sites where animals were
previously registered (data collected from GBIF and OBIS). This data was used to build prediction models
and additionally, maps of predictions for habitat suitability and binomial presence-absence were plotted.
Preliminary analysis shows that most studied commercial species did not show a poleward increase in
habitat suitability under future climate change.
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Lessons from cephalopods past:
unpredictable ecological complexity
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Abstract
Cephalopods have the most comprehensively studied fossil record of any macroscopic ocean animal,
which allows us unique views of cephalopod responses to global biotic crises. In the fossil record of the
past half-billion years, an animal’s geographic range is a good predictor of its persistence as a recognizable
taxon. For cephalopods, persistence of fossil taxa may tell us more about functional ecology than about
genetic biodiversity per se, because the traits that distinguish fossil cephalopod conchs (gross geometry;
suture pattern; ornamentation) are demonstrably linked to wide variance in motility. When global mass
extinctions strike, the day-to-day rules of extinction and survival break down. The fossil record of
cephalopods reveals three critical notions about their response to global change. First, cephalopods
rebound quickly with cosmopolitan distributions in the aftermath of global mass extinction. Second, the
apparent ecological complexity presented by these newcomers varies tremendously between historical
events, as does the time it takes for cephalopods to establish new patterns of regional endemism. Third,
paleontologists are vastly undercounting cephalopod taxa from the intervals leading up to mass extinction
events. While of course profoundly different from the timescales and modes of observation we use when
considering modern cephalopods, this historic record suggests the critical importance of: discovering
today’s cryptic species; expecting rapid cosmopolitan distributions of successful species moving forward;
and acknowledging the huge uncertainty of ecological structure in our emerging new normal.
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W1.7.
Cryptic biodiversity hinders understanding cephalopod biography for widely
distributed morphospecies: the cases of Ommastrephes d’Orbigny 1834,
Sthenoteuthis Verrill 1880, and the Mediterranean alien Sepioteuthis Blainville
1824.
Fernando Á. Fernández-Álvarez
Institut de Ciències del Mar (CSIC), Barcelona, Spain

Abstract
The increased generation of cephalopod molecular data is driving the frequent discovery of new cryptic
lineages among widely distributed morphospecies, leading to the recognition of named and unnamed
cryptic species. In addition to the difficulty of determining if cryptic lineages actually represent different
species, tracking the correct use of a name attributed to a previously considered cosmopolitan species
resulting in several taxa might be extremely difficult, especially if cryptic lineages occur sympatrically or if
the type locality/ies of conflicting names is/are not clear. Due to this reason, many cryptic species remain
known but their taxonomic status and/or distribution are not clear. The scarcity or geographic bias of
molecular data for some groups also increases this problem. This situation critically affects our knowledge
on cephalopod distribution and biogeography based on accepted names widely accepted in the
cephalopod research community. Here, I will review how biogeographic studies might be affected by
reported and unreported diversity and identify which challenges should be addressed for a better
understanding on the biodiversity and biogeographic trends among cephalopods using three well-known
examples of cryptic biodiversity affected by different types of taxonomic conundra.
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Oceanic cephalopods around Atlantic seamounts and islands
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Abstract

Several old and recent collections of oceanic cephalopods collected during research surveys in Atlantic
waters, were put together to improve our knowledge on the distribution of cephalopod species and the
pelagic realm biodiversity in the Atlantic Ocean. Sampling area covers the Irving, Tyro and Atlantis
seamounts south of the Azores Archipelago and the Gorringe Bank, Seine, Ampere and Josephine
seamounts in the Madeira-Tore region, the oceanic waters between the Portuguese southern continental
shelf and these seamounts and waters surrounding Cape Verde Islands. Samples from 1994 were taken
with the German RV Poseidon under the research project Eurosquid II. Samples from 2015 and 2016
were taken by the Portuguese RV Noruega under the research project Biometore. Additional samples
were taken with German research vessels in oceanic waters surrounding the Azores and the Cape Verde
Archipelagos. Cephalopods of these collections were collected with a Pelagic Trawl and Isaacs-Kidd
Midwater Trawl (IKMT) to sample mesopelagic and epipelagic adults and juveniles, and Bongo nets to
sample paralarvae in the upper 200 m. The early life stages of many cephalopod species are virtually
unknown, which makes the taxonomic identification of cephalopods captured by plankton nets very
difficult. Furthermore, the identification of early stages of many well-known species is problematic due to
strong morphologic similarities between related taxa within each family. Therefore, molecular techniques
were used to identify some paralarval specimens in the alcohol preserved samples. Cephalopod
distribution is analysed in relation to topographic features in the open ocean, such as seamounts and
islands.
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W1.9.
Historical biogeography of octopuses from Southern Ocean
Maria Cecilia Pardo-Gandarillas ORCID iD, Christian Ibáñez, Mariana Díaz-Santana-Iturrios
Universidad Andres Bello, Santiago, Chile

Abstract
The Southern Ocean registers a high diversity and endemism, but also shows evidence of biogeographical
connections with neighbouring regions suggesting a Gondwanic affinity. To explain these patterns, it has
been proposed that waters encircling Antarctica could be a source or sink of biodiversity. A proper study
model to test these hypotheses are the benthic octopus species from the Southern Ocean (Pareledone,
Megaleledone, and Adelieledone) and deep-sea species (Muusoctopus, Thaumeledone, Graneledone, and
Praealtus). While previous studies did not consider octopuses from South America and New Zealand,
estimations of the biogeographic scenario could change drastically by including those taxa or else be
confirmed with greater confidence. In this research, the origin, divergence, and diversification of benthic
octopus species were evaluated by means of phylogenetic and biogeographic approaches. According to
our results, octopuses of the genera Adeliedone, Graneledone, Pareledone, Megaleledone and
Thaumeledone would have originated in the Antarctic continent during the Cenozoic. Later, they would
have diversified into the Southern Ocean and into the northern hemisphere. On the other hand,
octopuses of the genus Muusoctopus would have originated in the northern hemisphere and colonized
Antarctica during the late Cenozoic. The accumulation of lineages through time showed an abrupt change
due to an accelerated rate in the Antarctic octopus clade. This acceleration would be related to a radiation
associated with their life history strategies (large eggs and holobenthic development), which would have
favoured their success on the Antarctic continent. Therefore, the Southern Ocean would be a source of
biodiversity for benthic octopuses.
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W1.10.
Changing distribution of the Octopus vulgaris species complex under climate
change
Francisco O. Borges ORCID iD1, Miguel Guerreiro2,3, Catarina P. Santos1, José R. Paula, Rui Rosa
ORCID iD1
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Abstract
The Octopus vulgaris species complex (OVSC) has been the subject of intense research and debate for
several decades, given its high level of cryptic diversity. Initially regarded as a single cosmopolitan species,
it is known to consist of a polyphyletic group comprised of several morphologically similar species of
benthic, shallow-water octopuses: O. americanus (west Atlantic), O. vulgaris (northeast Atlantic and
Mediterranean), O. aff. vulgaris (South Africa), O. djinda Amor and O. tetricus (Oceania), and O. sinensis
(western Pacific). Given their potentially different environmental preferences, we performed Species
Distribution Models (SDMs) analysis, to project how climate change could affect each OVSC species.
SDMs were implemented to investigate potential changes in the preferential habitats and worldwide
distribution of the OVSC by 2050 and 2100, across four representative concentration pathway scenarios
(RCP2.6, 4.5, 6.0, and 8.6; CMIP5). Occurrence data from GBIF, together with benthic level
environmental variables from Bio-ORACLE and MARSPEC (i.e., temperature, salinity, current velocity,
and bathymetry), were used to build the SDMs. Prediction models were built and the ensemble map of
predictions for habitat suitability and binomial presence-absence were plotted. Changes in these metrics
were also calculated to quantify changes in presence distribution. The results of this study provide
information on the potential biogeographical effects of climate change on a key worldwide ecological and
economical resource and aim in assisting towards sustainable management of these species of octopus.
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Modelling current and future distribution of the jumbo squid Dosidicus gigas
along the Eastern Pacific
Karen L Belmar Salinas1,2, Felipe I Torres ORCID iD3, María Cecilia Pardo Gandarillas ORCID iD2,
Christian M Ibáñez Carvajal ORCID iD2
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Rivera 2850, Concepción, Chile

Abstract
Species distribution is the basic unit in biogeography and under the climate change scenario is relevant
to understand evolution, especially for target marine species. The jumbo squid Dosidicus gigas is
cephalopod species with larger latitudinal distribution extending from southern Chile to Alaska (> 10,000
km), and important species in the world fishery. For this reason, its probable distribution was evaluated
under different temperature scenarios according to Representative Concentration Pathway (RCP) criteria.
Analysis using maximum entropy was carried out to evaluate the distribution of species under certain
environmental variables and limited presence of data. The analysis included >1.500 georeferenced data
of jumbo squid occurrence in both hemispheres obtained from bibliographic records and sampling. To
current and future species distribution modelling, sea surface temperature (SST, °C), current velocity (m¹) and salinity (UPS) data are used to predicting its spatial distribution. Our results indicate that under a
pessimistic scenario (RCP 8.5), distribution of jumbo squid would evolve towards colder latitudes due to
the variable that best explains this trend that is the sea surface temperature.
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Absence of a universal trend in the latitudinal gradients of species richness in
coastal cephalopods
Rui Rosa ORCID iD1, Vasco Pissarra1, Regina Bispo2, Francisco Borges ORCID iD1, Miguel Guerreiro1,
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Abstract
One of the most recognized ecological paradigms on Earth is the increase in species richness from the
poles towards the equator. Several factors have been proposed to explain this paradigm, such as
competition and predation, ‘Rapoport’s rule’, ambient energy, productivity, biome area, evolutionary
time, and geometric constraints, among other possible causes. Yet, the notion that LGSRs have a universal
unimodal trend with a tropical peak has recently been challenged with different marine taxa. Here, we
show that there is no universal trend in the LGSR of coastal cephalopods. Contrarily to squids with
unimodal patterns (with the zenith within the tropics), the prevalence of bimodal LGSR in coastal
octopuses suggests that the benthic species may have evolved through thermal adaptation at the edges of
the tropics. Yet, analyses of historical biogeography and species–area–energy hypotheses are crucial to
fully understand broad-scale variation in cephalopod biodiversity and biogeography.
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W1.13.
Vertical distribution patterns of cephalopods from the Gulf of Mexico
Heather Judkins ORCID iD
University of South Florida St. Petersburg, St. Petersburg, FL 33701, USA

Abstract
Cephalopods are important in midwater ecosystems of the Gulf of Mexico (GOM) as both predator and
prey. Vertical distribution and migration patterns (both diel and ontogenic) are not known for the
majority of deep-water cephalopods. These varying patterns are of interest as they have the potential to
contribute to the movement of large amounts of nutrients and contaminants through the water column
during diel migrations. This can be of particular importance if the migration traverses a discrete layer
with particular properties, as happened with the deep-water oil plume located between 1000 and 1400 m
during the Deepwater Horizon (DWH) oil spill. Two recent studies focusing on the deep-water column
of the GOM [2011 Offshore Nekton Sampling and Analysis Program (ONSAP) and 2015–2018 Deep
Pelagic Nekton Dynamics of the Gulf of Mexico (DEEPEND)] program, produced a combined dataset of
over 12,500 midwater cephalopod records for the northern GOM region. We summarize vertical
distribution patterns of cephalopods from the cruises that utilized a 10 m2 Multiple Opening/Closing
Net and Environmental Sensing System (MOC10). About 95% of the cephalopods analyzed here either
move through or live within 1000–1400 m zone. Species accounts include those with synchronous (e.g.,
Pterygioteuthis sp.) and asynchronous (e.g., Stigmatoteuthis arcturi) vertical migration. Non-migration
patterns of some midwater cephalopods (e.g., Vampyroteuthis infernalis) are also highlighted. Ontogenic
shifts are noted for some species examined.
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W3.1.
Workshop on the role of cephalopods as predators and prey: introduction to
the relevance of cephalopod beaks in ecological studies
José C Xavier1,2, Yves Cherel3, Alexey Golikov4, José Queirós1, Catalina Perales-Raya5, Rigoberto RosasLuis6
1

Marine and Environmental Sciences Centre, Department of Life Sciences, University of Coimbra, 3000456 Coimbra, Coimbra, Portugal. 2British Antarctic Survey, Natural Environment Research Council,
High Cross, Madingley Road, Cambridge, United Kingdom. 3Centre d'Etudes Biologiques de Chizé
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Researcher. 5Instituto Español de Oceanografía (IEO-CSIC), Centro Oceanográfico de Canarias, Santa
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Abstract
Cephalopods play an important role in numerous marine ecosystems. Much information on their role
comes from the diet of their natural predators, as numerous cephalopod species are difficult to catch
using nets or other sampling methods. Through their mandibles (beaks), information can be obtained on
size and mass but also on a wide range of ecological parameters, including distribution, population
dynamics, age, growth, stressful events, reproduction, feeding ecology, behavior, spawning areas, postspawning mortality, sexual dimorphism, in addition to cephalopod consumption by predators and both
cephalopod and predator migrations. Such information has been used for example, in fisheries
assessment and management, ecosystem models and rearing welfare. In this presentation, we will
briefly review the latest developments and information on the use of cephalopod beaks in ecological
studies and its applications while introducing this CIAC workshop.
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Using beaks to understand habitat, trophic ecology and mercury levels
throughout life cycle of cephalopods
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Abstract
Cephalopods play a major role in marine food webs and support important fisheries across the World’s
oceans. Despite their importance, studies on the ecology throughout their life cycle, in particular noncommercial species, remains scarce. Cephalopod beaks appear as one of the solutions to study
cephalopods worldwide because they allow the identification to the species, do not digest, accumulating
in the stomach of predators, and grow throughout the life of the individuals without replacement. This
constant growth may allow the use of beaks to study different periods of the individuals’ life. For that,
several chemical techniques such the stable isotopic analyses of δ13C and δ15N and mercury analyses have
been applied on different sections of the beaks to study ontogenetic changes in the habitat, trophic
ecology, or mercury contamination of cephalopods. In this presentation, we explore the best beak sections
to apply both techniques, identify the advantages and disadvantages of these methodologies and aid
support to interpret the results. Furthermore, we will discuss complementary techniques that can be
applied to the beaks, e.g. compound specific stable isotopic analysis of δ13C and δ15N, the analysis of
other trace elements using LA-ICP-MS, and how different techniques can complement each other, and
advance this area of research.
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W3.3
Using beaks for trophic ecology using stable isotope analyses for American
squid
Rigoberto Rosas-Luis ORCID iD
Cátedras CONACYT-Tecnológico Nacional de México/I. T de Chetumal, Chetumal, Mexico

Abstract
The trophic ecology of squids has been studied using traditional methods of stomach content
identification. There are reports of the diet of species of the Order Oegopsida that described the prey and
consumption of these predators in oceanic waters. Recently, the trophic ecology studies have included
the analysis of hard tissues and the δ13C and δ15N to identify changes in the contribution of prey to the
diet of squids, and to describe the trophic niche and overlap probability between species. This review
analyzed the bibliographic references that used beaks and gladii to understand the trophic ecology of
squids that inhabit in the marine waters of America. Results demonstrate that the beak of 14 oegopsid
squid families have been included in this kind of analysis. The most studied squid was the Ommastrephid
Dosidicus gigas in the Pacific Ocean, but a large number of squid families (13) were analyzed in the Atlantic
Ocean. The gladius was included in the hard tissue analysis, and it was reported that in addition to beaks,
they are useful to describe the habitat, use of prey for squids, and feeding changes through ontogeny. As
squids are fast-moving predators, the use of these tissues in the isotope analysis help researchers to identify
hot spots in the ocean because these areas are the main refuges for feeding and for the development of
these populations. Sympatric species can be identified by using hard tissue and isotopic analysis, as these
tissues recorded the use of habitat and feeding behavior.
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discussion
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Abstract
Stable isotope analysis (SIA) is currently a key ecological tool, where the stable isotopes of carbon (δ13C)
and nitrogen (δ15N) are the most applied in marine environment. Chitinous beaks of cephalopods,
consisting of metabolically inert tissue, are perspective target for SIA application, as they can be used as
chemical archives of cephalopod specimen’s ontogenesis, reflecting changes in habitat (δ13C) and trophic
ecology (δ15N). Recently, a few important methodological aspects were developed and improved aiming
to increase the quality of the studies conducted: 1) the majority of the studies powder the complete beak
and take a random portion of the mixed powder, being an average SIA proxy for the particular specimen.
The more up-to-data approach is to take sequential pieces of beak along rostrum–crest line, thus building
ontogenetic SIA trajectory for the particular specimen; 2) trophic level (TL) is advised to be estimated to
increase the ecological meaning of nitrogen stable isotope data. Nitrogen stable isotope values vary for
more than 20‰ within the world ocean, and the same species taken from different areas can show
drastical differences, making it impossible to compare δ15N values directly. Failing to apply TL in such
cases will lead to incorrect interpretation of the data; 3) the most up-to-date approach to estimate TL is
the “scaled approach”, where trophic enrichment factor varies along the food chain; and 4) TL is better
to use in isotopic niches analysis (SIBER) instead of δ15N values for a reliable comparison of isotopic
niches between different regions.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

230

W3.5
Beaks as age and life-event recorders in cephalopods
Catalina Perales-Raya ORCID iD
Centro Oceanográfico de Canarias (IEO-CSIC), Santa Cruz de Tenerife, Spain

Abstract
The microstructure of beaks, present in all extant cephalopod species, is a source of knowledge on the
age, growth and stressful events in both wild and reared populations. The first attempt to estimate age in
these structures was carried out in the common octopus (Octopus vulgaris), in which statoliths have no
growth increments. A sequence of regular increments was observed in the beak sections and a constant
daily deposition was proposed in the late 1990s. After improving the two available techniques (lateral wall
surfaces and rostrum sagittal sections) in the early 2000s, they were validated across the full ontogenetic
range in the 2010s. These techniques have been later used in squids (e.g. Ommastrephidae, Gonatidae,
Architeuthidae), and cuttlefishes (Sepiidae). The daily deposition has also been cross-verified in several
oegopsid squid species by comparing with statolith-estimated ages. Recently the surface of the beak
rostrum revealed daily increments in early stages, including embryos, allowing confirming the first
increment at hatching in O. vulgaris. The life-event recording includes stressing incidents (e.g. stress of
capture, handling in the lab, thermal changes) and some environmental/biological events (e.g.
senescence, reproduction). These events usually look like darker marks and can provide valuable
information on the life history of the individuals along with the ontogenetic development. This
presentation briefly reviews the past and present of using the beak microstructure for these purposes as
well as its latest findings and potential future research.
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W3.6
Measuring the beak rostral angle: relevance to identifying beaks in top predator
diets
Giambattista Bello ORCID iD
Independent researcher, Mola di Bari, Italy

Abstract
Thanks to Malcolm Clarke, cephalopod beaks have proved to be a powerful means for prey-cephalopod
identification. In his pioneering works, he fixed a whole set of measurements and ratios of morphological
details to geometrically describe beaks, a method since followed by subsequent workers. A feature only
partially exploited for identification purposes is the ‘rostral angle’, that is the angle formed by the two
halves of the rostrum, with particular reference to lower beaks. The rostral angle may be either
qualitatively described – “very narrow” to “very wide” – or indirectly sized by the ratio ‘rostral length /
distance between jaw angles’ (RL/JW). Unfortunately, this ratio is affected by two biases that reflect on
its identification power. First: RL/JW is correlated to the actual angle width (AW) by a sinusoidal function
and, consequently, increases proportionally less than AW (e.g.: considering the differences (∆) between
55°-20° and 90°-55°, ∆ AW is the same in both cases (35°), whereas ∆ RL/JW is 1.797 and 0.376,
respectively). Second: since RL/JW is a ratio between two variables, its computation is affected by two
measuring errors instead of just one when measuring AW directly. Indeed, especially when beaks are
worn out and some parts missing (generally wings), the accurate measurement of AW may help in preycephalopod identification. Some methods to measure AW are suggested. Moreover, the equation to
convert RL/JW to AW – which equation may also be set as a function in the Microsoft Excel program –
and a related conversion table are given.

CIAC 2022 — Cephalopods in the Anthropocene: Multiple Challenges in a Changing Ocean

232

W3.7
Identifying beaks from top predators diets in the Indian Ocean
Evgeny V. Romanov1, Sebastien Jaquemet2
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Abstract
The oligotrophic south subtropical gear province (ISSG) of the Indian Ocean is a zone of residence,
spawning area and/or migratory passage for many large pelagic fishes such as tropical tunas, swordfish,
other billfishes, pelagic and coastal sharks, and other nektonic mesopelagic fish. Being top pelagic
predators most of them prey upon cephalopods that often constitute main or secondary prey.
Cephalopods as one of most abundant groups in pelagic nekton and micronekton in ISSG play important
functional role in regional pelagic food webs. However their diversity and specific composition, their
abundance and biology are extremely poorly studied in the area. We have treated pelagic predatory fish
as biological samplers using their stomach content to investigate the role of cephalopods in their diet,
and to estimate cephalopods’ relative abundance and diversity in the environment. As cephalopods are
mostly recovered digested we used hard parts like beaks or gladii as reference parts for cephalopods
identification, length and weight reconstitution. Here we present the first results of cephalopods studies
based on stomach content of swordfish, yellowfin, bigeye, albacore tunas, bull, tiger and hammerhead
sharks, and several gempylid species. We present applications of cephalopod beaks in trophic in biological
studies and discuss problems encountered and limitations observed.
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Identifying beaks from top predators diets in the Mediterranean Sea
Pilar Sanchez ORCID iD
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Abstract
Cephalopods have a key role in the world´s marine ecosystems. Larger cephalopods had similar d15N
values to tunas and bill fishes, indicating that these large cephalopods occupy a comparable TP to their
fish predators. They are important consumers and oceanic squids are valuable prey items for many marine
top-predators such as large finfishes, sharks, marine mammals and seabirds. The world literature on
cephalopods both as predators as prey is extensive, which is why we focus on the Mediterranean as a case
study. This is a summary of the importance of the species for seabirds, piscivorous fish and marine
mammals. In the Mediterranean it has been reported that 8 marine mammals, 2 turtles, 7 elasmobranchs,
3 birds, 26 bony fish, 9 cephalopods, 2 crustaceans consume cephalopods. That does not mean that there
are more cephalopod predators and that they have not been studied. Some species can be considered as
true teutophagi while others are occasional predators of cephalopods. Statistical techniques were used to
investigate these trends in the feeding of cephalopod predators.
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Reference genome assembly of the Humboldt squid Dosidicus gigas
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Abstract
The Humboldt squid Dosidicus gigas is a flying squid endemic to the Eastern Pacific Ocean that alone is
the 13th fishery worldwide. This squid has remarkable tolerance to wide-range oxygen and temperature
levels during its vertical and horizontal migration. D. gigas also shows exceptional size plasticity in mature
individuals, with the dorsal mantle length ranging from 18 to up to 120 cm. The understanding of the
adaptive evolution of D. gigas, however, remains elusive because of the absence of genomic information.
Here, we present a draft reference genome of D. gigas assembled using long nanopore reads and highly
accurate short Illumina reads. To date, our results show a genome size of around 2.5 Gb and higher levels
of heterozygosity in relation to octopus, bobtail squid, cuttlefish, and coastal squid. We expect that the
genome of D. gigas will be helpful to understand its adaptive mechanism and the evolution of other flying
squids, a group of highly commercial animals with cryptic speciation and trans-oceanic migrations.
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Transcriptomic signatures of the Hawaiian Bobtail squid’s hematopoietic organ
John Briseno1, Nicolás Lichilín2, Oleg Simakov2, Spencer Nyholm1
1

University of Connecticut, Storrs, USA. 2University of Vienna, Vienna, Austria

Abstract
The Hawaiian bobtail squid (Euprymna scolopes) has served as a robust model for studying host-microbe
associations. Each squid maintains the bioluminescent bacterium Vibrio fischeri in a specialized light organ
(LO). Additionally, females house a community of bacteria in a reproductive organ, the accessory
nidamental gland (ANG). The squid’s circulating blood cells, or hemocytes, mediate microbial
interactions with these bacteria, possibly through surface-to-surface contact between hemocytes and
symbionts. This binding can lead to a complex intracellular signaling cascade and activation of innate
immunity pathways. Our previous work showed that establishment of the LO association influences
hemocyte recognition of V. fischeri. The influence of symbiotic bacteria from either the LO or ANG on
gene expression during the formation and development of blood cells, a process known as hematopoiesis,
is not understood. Hematopoiesis occurs within the white bodies of coleoid cephalopods (i.e., octopuses,
cuttlefish, and squids). In this study, we extracted the RNA of whole white bodies from 5 adult female
and male wild-caught E. scolopes to determine the effects of symbiosis on gene expression involved with
hematopoiesis and innate immune function. Raw transcriptome reads were generated on Illumina
platforms, processed with Trimmomatic, mapped to the E. scolopes genome using the aligner software
STAR, and analyzed for differential expression with DEseq2. Preliminary sequencing from the white
bodies of three animals reveals differential expression of 2,145 genes compared to other host tissues.
Further analyses will test whether differential gene expression in white bodies is influenced by both
symbiotic associations.
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