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ORAL PRESENTATIONS

O1 - SEXUALLY DIMORPHIC, SWITCHABLE IRIDESCENCE OF Doryteuthis 
opalescens OFFERS A POTENTIAL FOR MALE MIMICRY

DeMartini DG1; Morse DE1

1 - University of California-Santa Barbara

The California market squid, Doryteuthis opalescens, constitutes the largest fishery in 

California, and a significant part of the worldwide squid fishery. Most catches are procured 

during the large scale spawning events exhibited by this species. A better understanding 
of mating behavior in this species would be helpful in management decisions over this 
important resource. In studying the adaptive iridescence of D. opalescens iridophores 
we have observed a previously undescribed, sexually dimorphic feature specific to 

female squid. The females have a pair of longitudinal stripes of tunably bright iridescence 
on the mantle just below the fin attachment. These stripes have a very high reflectivity 

compared to other iridophores in the dermis and are completely switchable between 
a highly reflective or transparent appearance. We have compared this stripe region in 

both males and females at macroscopic, microscopic, biochemical and optical levels. 
Females also possess a dense patch of leucophores on the dorsal surface of the mantle 
between the iridophore stripes producing a bright white patch. Interestingly, these two 
features cover the same anatomical space as the large white testes within the mantle 
of a male squid. It is therefore feasible for the female squid to use their switchable 
iridophore stripes to masquerade as males to prevent unwanted sexual encounters. We 

also envision that the high signal to noise ratio of these adaptive iridophores (5 fold 
higher reflectance than typical dorsal iridophores), that can be activated with exogenous 

acetylcholine, will help further our investigation and understanding of the biochemical 
mechanisms driving tunable iridescence.

KEYWORDS: Doryteuthis opalescens; sexual dimorphism; iridescence

Anatomy and physiology
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O2 - EVIDENCE FOR DUAL SIGNAL TRANSDUCTION PATHWAYS IN THE SQUID, 
Lolliguncula brevis

Lucero MT1; Mobley AS2

1 - University of Utah
2 - Yale University

Although cephalopods have remarkable visual acuity, they also have chemosensory 
receptors for both contact (taste) and distance (olfactory) chemoreception. The contact 
receptors are located in the oral area and suckers while the distance chemoreceptors 
are organized into bilateral olfactory organs located posterior to each eye. The 
olfactory organs are comprised of a pseudostratified olfactory epithelium containing five 

morphological neuron types and one or two support cell types. At least two different 
G-protein mediated transduction cascades, the adenylate cyclase and phospholipase 
C (PLC) pathway, process chemosensory stimuli for various species. In squid olfactory 
sensory neurons (OSNs), physiological studies indicate that both pathways may be 
present in the same cell. Here we provide evidence that the G-proteins involved in 
both adenylate cyclase and PLC pathways are present in squid OSNs (Lolliguncula 
brevis). We used immunoblotting to show that Gαolf, Gαq and a downstream effector 

enzyme PLC140, are present in the squid olfactory epithelium (OE). To localize these 
proteins to one or more of the five morphological cell types described for squid OE, 

paraformaldehyde fixed olfactory organs were cryosectioned, labeled for Gαolf, Gαq 

or PLC140, and imaged. Analysis of serial sections from entire olfactory organs for 
epithelial area and patterns of immunofluorescence revealed highest immunoreactivity at 

the anterior half of the organ. At the cellular level, type 1 cells could not be distinguished 
morphologically and were not included in the analysis. The three labeling patterns 
observed in type 2 cells were Gαq alone, PLC140 alone and co-localization of Gαq and 

PLC140. Subsets of cell types 3, 4, and 5 showed co-localization of Gαolf with Gαq but 

not with PLC140. These data suggest that the PLC pathway predominates in type 2 
cells, however co-expression of Gαolf with Gαq in cell types 3, 4, and 5 suggests that 

both pathways may participate in olfactory transduction in non-type 2 squid ORNs. We 

conclude that Gαs/olf, Gαq, and PLCβ2 are present in squid olfactory epithelial neurons 

and are located in cellular regions that are predicted to contain the signal transduction 
machinery responsible for odor transduction.

KEYWORDS: squid olfaction; sensory; second messenger
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O3 - VENTILATION RATES AND ACTIVITY LEVELS OF JUMBO SQUIDS UNDER 
METABOLIC SUPPRESSION IN THE OXYGEN MINIMUM ZONES

Trübrnbach K1; Pegado MR1; Seibel BA2; Rosa R1

1 - Laboratório Marítimo da Guia, Centro de Oceanografia, Faculdade de Ciências da 

Universidade de Lisboa
2 - Center for Biotechnology and Life Sciences, Biological Sciences, University of Rhode Island

The Humboldt (jumbo) squid, Dosidicus gigas, is a part-time resident of the permanent 
oxygen minimum zone (OMZ) in the Eastern Tropical Pacific and, thereby, it encounters 

oxygen levels below its critical oxygen partial pressure. To better understand the ventilatory 
mechanisms that accompany the process of metabolic suppression, we exposed D. gigas 
to the oxygen levels found in the OMZ (1% O2, 1kPa,10ºC) and measured metabolic 
rates, activity cycling patterns, swimming mode, escape-jet (burst) frequency, mantle 
contraction frequency and strength, stroke volume and oxygen extraction efficiency. 

The mantle contraction frequency and strength was linearly correlated and increased 
significantly with activity level. Additionally, an increased stroke volume and ventilatory 

volume per minute were observed, followed by a mantle hyperinflation process during 

high activity periods. Squid metabolic rates dropped more than 75% during exposure 
to hypoxia. Maximum metabolic rates were not achieved under such conditions and 
the metabolic scope was significantly decreased. Hypoxia changed the relationship 

between ventilation strength and frequency from linear to polynomial with increasing 
activity indicating that, under hypoxic conditions, the jumbo squid primarily increases the 
power of mantle contraction and does not regulate its frequency. Under hypoxia, jumbo 
squids also showed a larger inflation period and decreased relaxed mantle diameters, 

which optimize oxygen extraction efficiency. Additionally, they breathe “deeply”, with 

more powerful contractions and enhanced stroke volume. This deep-breathing behavior 
allows them to display a stable ventilatory volume per min, and explains the maintenance 
of the squid’s cycling activity under such O2 conditions. During hypoxia, the respiratory 
cycles were shorter in length but increased in frequency. This was accompanied by an 
increase in the number of escape-jets during active periods and a faster switch between 
swimming modes. Cycling between aerobic and anaerobic swimming phases over 
short time intervals may reduce the costs of transport and permit a long-term use of 
anaerobic resources. In late hypoxia (onset 160±20 min), all the ventilatory processes 
were significantly reduced, followed by a lethargic state associated with the process of 

metabolic suppression.

KEYWORDS: hypoxia; ventilation; jumbo squids
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Behavior

O4 - HOW FAR SQUID CAN FLY OUT OF THE WATER

Kubodera T1

1 - National Museum of Nature and Science

We took a high-definition video clip that captured all behaviours of oceanic squid, 

Stenoteuthis oualaniensis, in schools breaking the surface, continuing to eject water 
after leaving the surface, gliding through the air and finally falling back into the water. 

The video was taken from the upper-most ship deck of the R/T/V Bosei Maru, Tokai 

University during a training cruise to Ogasawara Islands in June, 2010. Frame-by-frame 
analysis indicated squid size of 22–24 cm body length, initial speed of 7.1–7.3 m/s and 
distances up to 50m during flights of 7–8 seconds. Detailed flight procedures of squid 

are analyzed, and the role of this behaviour is discussed as defense against predators. 
We proposed the term “active airborne gliding behaviour” for oceanic near-surface squid 

that have evolved this unique aerial capability.

KEYWORDS: Flying squid, Sthenoteuthis oualaniensis; 1/30 s frame analysis; active 
airborne gliding behaviour
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O5 - OCTOPUS PREY CHOICE: EVALUATION OF THE GENERALIST-SPECIALIST 
SPECTRUM

Mather JA1; Leite TS2; Batista AT2

1 - University of Lethbridge
2 - Universidade Federal do Rio Grande do Norte

A normal assumption of octopuses prey choice is that they are generalist predators, 
based on the collection of prey remains outside their sheltering dens. But when analysis 
moves from the population level to that of the individual, the scope of prey choice is 
more variable. Indeed, Anderson, Wood & Mather (2010) described Octopus vulgaris 
in Bonaire as specializing generalists. The generalist-specialist designation can be 
assessed by the scope of prey choice within a specific population, or by Bolnick et al’s 

(2002) fit of individuals’ prey choices to those of the population. Alternately, it can be 

assessed by the extent to which individual consumed most or little of their diet from one 
species (a 75%: 25% rule). Data about prey choice were assessed for three populations: 

O. vulgaris from Bonaire, O. cyanea in Hawaii and Enteroctopus dofleini from Puget 
Sound, US. Prey choice of the O. cyanea population was narrow, concentrated on 
five crab species, but that of the O. vulgaris was very wide, 75 species of mollusk and 
crustacean. Amongst individuals, the degree of specialization ranged widely and the 
designation of generalist and specialist by the two measures was sometimes different. 
We will discuss why individuals select different prey from the same habitat. Perhaps 

they chose different microhabitats based on their individual personalities, mediated by 
exploration.

KEYWORDS: octopus prey choice; generalist; specilaist
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O6 - THE ORIGIN OF VISUAL COMMUNICATION: Sepia pharaonis BODY PATTERNS 
AND CONTEMPORARY ART

Nakajima R1; Ikeda Y2

1 - University of Minnesota Duluth Department of Art and Design
2 - Department of Marine and Environmental Sciences, Graduate School of Engineering 
and Science, University of the Ryukyus

Considering the salutations of contemporary visual culture, it is essential to investigate its’ 
effect and implication by asking such existential questions as Why do we make images, 

where do they come from and what is their primary function? In order to answer these 
rather difficult questions, this study focused on Sepia Pharaonis’s adaptive coloration as a 
empirical and biological model that codes and re-maps visual information such as avant-
garde paintings, photographs, and video. More specifically, their adaptive coloration is 

triggered by both lateral and longitudinal visual stimuli replacing natural elements (sand, 
mud, seaweed, coral reef, etc.…) with various types of digital images. A LED flat-screen 

monitor controlled by a computer was placed directory under or next to a starphire-glass 
aquarium as a projection device. Through this study, we observed that basic camouflage 

tactics of uniform, mottled and disruptive pattern (Hanlon and Messenger 1996) are also 
applicable and viable methods in categorizing avant-garde paintings and photographs. 
In short, the body pattern produced by Sepia pharaonis can accurately reproduce 
culturally driven and highly conceptual images. In addition, we have also noticed that 
Sepia pharaonis’ body patterns are controlled by 12 different zones on its body (4 on 
head, 4 on the top side of mantle and 4 on bottom side of its mantle) producing 31 visual 
components which appear and disappear according to different external stimuli creating 
the overall visual composites and variations. The collected data from these experiments 
are used to create a series of photographs and videos installations. The genetically and 
evolutionally pure empirical may not only uncover certain key information needed to 
understand the origin of visual communication but also function as a catalyst that will 
redirect our culture away from the ever simulated hyper-reality. This, in tern, may create 
a truly valuable interdisciplinary platform to discuss the current trends in both art and 
science.

KEYWORDS: Sepia pharanois; interdisciplinary research (science and art); body patterns
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O7 - ANESTHESIA OF Octopus vulgaris WITH THE VOLATILE GENERAL 
ANESTHETIC ISOFLURANE

Polese G 1; Ulloa Severino FP 1; Winlow W 2; Di Cosmo A 1
1 - Department of Structural and Functional Biology, Universiti of Naples Federico II

2 - Honorary research fellow, University of Liverpool

Anesthesia of cephalopods is discussed more than ever before due to the work in 
progress for their welfare legislation. Different approaches to anesthesia in cephalopods 
have been tried by a number of scientists, but in most cases the animals were not 
truly anesthetized. Several workers have simply used muscle relaxants or simple 
hypothermia under the name anesthesia. This approach will not be adequate in the 
future. Inhalational anesthetics such as isoflurane (C3H2ClF5O) reduce L-type calcium 

currents and potassium currents in a dose- dependent manner in the pulmonate mollusc 
Lymnaea stagnalis and there is evidence from cell culture that such anesthetics also 
block excitatory chemical synapses, more effectively than inhibitory synapses. Here we 
report, for the first time, on the effects of clinical doses of the inhalational anesthetic 

isoflurane on the behavioral responses of Octopus vulgaris. The volatile anesthetic 
isoflurane (0.5-2.5% v/v) was equilibrated into seawater (1600 ml) via an air stone to 

adult Octopus vulgaris (n=14) of about 400g. Using a web camera we recorded the 
animals response to touch stimuli eliciting withdrawal responses of the arms and siphon 
and observed changes in the respiratory rate and the chromatophoric pattern over time 
during the anesthetic application. We found that different animals of the same size 

responded with similar behavioral changes as the isoflurane concentration was gradually 

increased. Sudden application of the highest concentration of isoflurane can be lethal to 

the animal (n=2). After application of 2.5% isoflurane (5 minutes at the most), when all 

the responses indicated deep anesthesia, the animals recovered within 45 to 60 minutes 
in fresh aerated sea water. Based on previous findings in gastropods and the discovery 

of an L-type calcium channel sequence in the Octopus transcriptome, we believe that 
the molecular and electrophysiological bases of anesthesia induced by isoflurane are 

similar in that previously observed in Lymnaea. In the 30 minutes following anesthesia, 
the octopus can be handled without pain or distress, and an overdose of anesthetic can 
be used to euthanise the animal

KEYWORDS: Isoflurane; Octopus vulgaris; Anesthesia
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O8 - FEEDING BEHAVIOR IN JUVENILE Octopus maya: SELECTIVE ATTACK ON 
DIFFERENT TYPES OF PREY

Portela, E. 1; Rosas, C. 2; Simoes, N. 2
1 - Posgrado en Ciencias del Mar y Limnologia, UNAM
2 - Universidad Nacional Autonoma de Mexico

Whilst being recognised as opportunistic predators, various species of octopus 

are frequently associated with crabs as the most important prey in their natural diet. 
However, there is no evidence to support that this strong association is based on active 
selection or preference of octopus for crabs (thus, rejection of alternative prey), or if it 
is the result of passive selection i.e. differences in the probability of encountering or 
capturing various prey items. The aim of the present study was to determine whether 
early juvenile Octopus maya prefer to feed on crabs, and if this behaviour is the result 
of an active decision of attacking this and not other prey types. Experiments were 
performed to examine predation (as a whole) and only attack behaviour in O. maya 
of 7 days since birth. Juvenile octopus that had never been in any physical, visual or 
chemical contact with external feed, were offered a combination of either crabs and 
palaemonids, or palaemonids and amphipods. Control treatments, where octopuses 
had to choose between two similar alternatives (no choice treatments) were included in 
order to discriminate between preference and passive selection. Results were analysed 

by means of χ2 asymmetric contingency tables, and showed that the way in which 

each prey type was consumed seemed to be determined by prey biomass and octopus 
satiation, variables that influence the time needed for food to be digested. By contrast, 

octopuses preferred to attack crabs when these were one of the two alternative prey 
types (χ2 = 5.24; p < 0.05), but attacked both palaemonids and amphipods indistinctively 

(χ2 = 0.09; p = 0.76). Information on the visual and chemical cues that trigger octopus 

attack is relevant to create innovative models of artificial bait that could substitute live 

crabs used in artisanal fisheries.

KEYWORDS: food preference; predation; crabs
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O9 - THE POSSIBILITY OF CRYPTIC FEMALE CHOICE VIA SPERM REMOVAL IN 
THE JAPANESE PYGMY SQUID, Idiosepius paradoxus

Sato N1; Kasugai T2; Munehara H3

1 - Graduate School of Fisheries Science and Environmental Studies, Nagasaki University

2 - Port of Nagoya Public Aquarium
3 - Usujiri Fisheries Station, Field Science Centre for Northern Biosphere, Hokkaido University

Female Japanese pygmy squid (Idiosepius paradoxus) elongate their buccal mass after 
copulation and pick up spermatangia, removing them from their body. This behaviour 
is considered a mechanism of cryptic female choice (CFC). In this study, we observed 
pre- and post-copulatory behaviours, and investigated the relationship between male 
traits (e.g. body size or duration of copulation) and the behaviour of sperm removal. The 
number of spermatangia passed to females increased with the duration of copulation, 
but male body size was not related with the duration. Buccal mass elongation occurred 
within 5 minutes after copulation in 28 of 32 females, and 15 females succeeded in 
removing some or all spermatangia from the body. Male body size and duration of 
copulation were positively correlated with the duration of buccal mass elongation which 
was positively correlated with the number of removed spermatangia. Although both male 
traits were not related with the number of spermatangia finally retained on females, 

male body size was positively correlated with the number of removed spermatangia. 
These results suggest that female squids attempt to remove spermatangia more often 
after they have copulated with large males, and small males may be favoured by biased 
sperm removal.

KEYWORDS: postcopulatory mate choice; sexual selection; reproductive behaviour
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O10 - RE-EXAMINING TETRODOTOXIN PRODUCING BACTERIA IN BLUE-RINGED 
OCTOPUSES

Williams BL1; Stokes AN2; Nishiguchi MK3

1 - Utah State University Uintah Basin
2 - Utah State University Logan
3 - New Mexico State University

Tetrodotoxin (TTX) is a potent neurotoxin that appears in many distantly related taxa, 
both marine and terrestrial. Because the apparently complex biosynthetic pathway 
(though unknown) seems unlikely to arise through evolutionary convergence, many 
hypothesize the origin of TTX is bacterial. Limitations of previous methods used to 
identify TTX-production in bacteria have led to controversy about the ultimate origin of 
TTX in many taxa. Tetrodotoxin can accumulate through the food chain similarly to the 
structurally-related saxitoxins (paralytic shellfish poisons). Here, we evaluate possible 

TTX-production by bacteria in a cephalopod that is known to possess large quantities 
of TTX--the blue-lined octopus (Hapalochlaena fasciata). We cultured isolates from the 

posterior salivary gland, the site of the highest TTX concentration. To identify TTX we 
used a highly specific immunoassay based on a monoclonal antibody against TTX as 

well as liquid chromatography-mass spectrometry (LC-MS). Several divergent bacterial 
lineages from the posterior salivary gland were cultured and many culture extracts 
bound to anti-TTX antibody in the immunoassay. However, LC-MS of selected samples 
recovered no TTX. Instead, we observed a molecule with the same molecular weight 
as TTX that elutes approximately 0.2 s after authentic TTX. Based on the results of 
the immunoassay, we hypothesize this molecule represents an isomer of TTX. The 
presence of TTX isomers in the variety of bacterial lineages we tested here and bacteria 
identified in the literature suggests the biosynthetic pathway can move via horizontal 

gene transfer (HGT). The prevalence of HGT is expected to increase as climate change 
reshuffles ecosystems during range expansions and retractions and previously allopatric 

or microallopatric microorganisms are brought into close proximity.

KEYWORDS: tetrodotoxin; Hapalochlaena; bacteria
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Cephalopods and the environment

O11 - SPATIAL DISTRIBUTION OF Illex argentinus IN SAN MATIAS GULF 
(NORTHERN PATAGONIA, ARGENTINA) IN RELATION TO ENVIRONMENTAL 
VARIABLES

Crespi-Abril AC1; Morsan EM2; Williams GN3; Gagliardini DA4

1 - Centro Nacional Patagónico (CONICET)
2 - Instituto de Biología Marina y Pesquera Almirante Storni (IBMPAS) 
3 - Centro Nacional Patagónico (CONICET)
4 - Instituto de Astronomía y Física del Espacio (IAFE, CONICET)

Traditionally, it was assumed that major spawning activity of Illex argentinus occurs in 
discrete pulses along the outer-shelf/slope off Argentina/southern Brazil during late-fall/
winter and that early life stages develop near the Brazil-Malvinas Confluence (BMC). 

However, a novel hypothesis of the population structuring of the species was proposed 
that states that coastal waters are important as spawning and feeding grounds. Here, 
we analyzed the spatial distribution of Illex argentinus inside San Matias Gulf based on 
the position of the CPUE of jiggers in order to improve the knowledge of the population 
structuring in coastal regions. Squids were mainly concentrated on the northern region of 
the gulf where favorable oceanographic conditions (e.g. water stratification, chlorophyll-a 

concentration peaks) to feeding and spawning are present. These results provided 
evidences that individuals of I. argentinus use coastal waters as permanent feeding and 
spawning grounds which supports the new hypothesis.

KEYWORDS: spatial distribution; llex argentinus; San Matias Gulf
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O12 - COMPARATIVE DESCRIPTION OF BEAKS OF Argonauta nodosa AND 
Octopus vulgaris PARALARVAE

Franco-Santos RM1; VIdal EAG1; Domingues PM2; Iglesias J2

1 - Universidade Federal do Paraná

2 - Oceanographic Center of the Spanish Institute of Oceanography (IEO)

This study examined 32 beaks each of Argonauta nodosa and Octopus vulgaris 
paralarvae and compared their characteristics with species’ environmental adaptations. 
Specimens of A. nodosa and O. vulgaris were obtained from plankton tows between 
1984 and 1997 off southern Brazil, with 60cm diameter and 300µm mesh size Bongo 
nets, and from a rearing experiment, respectively. Paralarval mantle length (ML) ranged 
from 0.96-8.16 mm for A. nodosa and from 1.68-3.40 mm for O. vulgaris. An extra 
morphological observation was made for a 70-day-old O. vulgaris individual of 3.63 mm 
ML. Digital images of the beaks were taken for measurement of the structures of the 
upper (UJ) and lower (LJ) jaws. Structures were compared between species by t-test 
to identify significant differences, and their overall influence on growth was determined 

by multiple linear regression. Both species had very fragile and lightly pigmented jaws 
with conspicuous dentition. The developmental pattern of A. nodosa was characterized 
by an antero-posterior elongation of the jaws, a vertical projection of the wings in the 
LJ, the replacement of teeth by an ever-growing rostrum (paralarvae of ML ≥ 3.14 mm), 

and the collapse of the LJ slit (paralarvae of ML > 4.71 mm). The developmental pattern 
for O. vulgaris was characterized by impressively small changes in the beak structures; 
the teeth and slit were visible in all individuals examined in this study. The hood and 
lateral walls (UJ) and the crest and wings (LJ) are the most robust structures and play 
a key role in feeding. Pigmentation became more intense and spread out as paralarvae 
developed, occurring faster and more conspicuously for A. nodosa. Almost all structures 
had higher mean values for A. nodosa when compared to O. vulgaris of similar ML. 
Although paralarval jaws exhibit typical parts of an adult’s beak, their form is quite 
distinct from that of the latter. Paralarvae of modern cephalopods have retained some 
characteristics of the beak of ancestral species, such as the presence of teeth and of a 
slit in the LJ. Ontogenetic information on buccal structures in cephalopod paralarvae is 
unknown in the literature and fundamental to a better understanding of the ecology and 
biology of the class. Therefore, the results of this study represent valuable information 
on the functional morphology of the beak during the first stages of the life cycle of A. 
nodosa and O. vulgaris.

KEYWORDS: Argonauta; Octopus; Beak
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O13 - FROM EGGS TO SPAWNERS: ALL KEY LIFE-STAGES OF THE TROPICAL 
ARROW SQUID Doryteuthis plei AROUND A COASTAL ISLAND OFF SE BRAZIL

Gasalla MA1; Postuma FA1; Martins RS1

1 - Fisheries Ecosystems Laboratory, Department of Biological Oceanography, 

Oceanographic Institute, University of São Paulo

Loliginid squid population studies are often limited by a lack of samples of at least one 
life stage, particularly the early ones. It is not uncommon that adults can be abundant 
and easily found in a marine environment, whereas intense plankton sampling surveys 
carried out in the same area simply fails at catching paralarvae (e.g. Loligo reynaudii in 
South Africa). In order to test such hypothesis, we conducted two summer onboard field 

trips around São Sebastião Island (24°S, SE Brazil) for sampling squid key life stages. 
Here, we show evidences indicating that this disaggregation of different life stages seems 
not to be the case in waters of the study area, where all life stages of the tropical arrow 
squid Doryteuthis plei has been found. Adult spawning squid were found to concentrate 
seasonally in shallow waters where they are targeted by a small-scale hand jigging 
fisheries. Juvenile squid were also found on the same fishing grounds of the adults, 

and were easily caught using dip nets with light attraction around the research vessel. 
Surveys allowed the collection of appreciable amounts of squid ≤ 25 mm ML, with the 

expectation to fulfil an important gap in statolith-based studies on age and growth. On 

the other hand, D. plei paralarvae have also been collected in Bongo nets hauls, showing 
highest abundance in the channel between the island and the continent, probably due 
to a higher retention potential of this sector in comparison to other areas around the 
island. Finally, D. plei individual egg mops were also found scattered over a great area 
on a muddy bottom by using underwater footage surveys, which seems to have occurred 
by the first time in the Southwest Atlantic Ocean. Some egg mops were recovered and 

had a number of egg pods incubated in aquaria, allowing the description of both the 
capsules and embryos. Also newly-hatched paralarvae have been described with an 
emphasis in the chromatophore patterns. In conclusion, the SSI area is apparently one 
of the few places in the world where all loliginid squid life stages, from the eggs to 
fully mature spawning adults, can be found together. The present study contributes to a 
comprehensive and unprecedented understanding of full loliginid squid life cycle.

KEYWORDS: spawning; location of key life-stages; population dynamics
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O14 - IMPACTS AND IMPLICATIONS OF AMBIENT ENVIRONMENTAL VARIABLES 
ON THE SPATIAL DISTRIBUTION OF SQUID (Loligo reynaudi)

Githaiga-Mwicigi, JMW1; Roberts, MJ2; Lucas, M.3

1 - Department of Agriculture, Forestry and Fisheries (DAFF)

2 - Oceans and Coasts, Department of Environmental Affairs
3 - Zoology Department, University of Cape Town

Understanding the functional relationship between species distribution and their 
associated environmental conditions can greatly contribute to sustainable exploitation 
of our fisheries resource. However, studies on such effects are rare. Based on data 

from research surveys, we examined environmental (temperature, dissolved oxygen, 
turbidity, depth), time (time of day, season), location (longitude, region) and stock (adult 
and juvenile) effects on the distribution and abundance of adult and juvenile squid Loligo 
reynaudi on the Agulhas Bank, southern Africa. Generalized additive models (GAMs) were 
used to test the effect of these covariates on data collected from routine research trawl 
surveys. Results show mean Loligo catches were highest in autumn in shallow waters 

and lowest in autumn in deep waters. GAM results showed that for all years, depth, total 
trawl catch, and most importantly, turbidity were significant covariates affecting adult and 

juvenile squid catches. Location in terms of region was important for all categories but 
explained very little of the variation, while location in terms of oceanographic province 
was important for all squid and adults but not juveniles. Temperature was a significant 

covariate for adult squid but not juveniles and oxygen was a significant covariate for 

juveniles but not adult squid. The final model showed that Loligo catches were highest 

between depths of 60 to 120m, with bottom turbidity of <2.0NTUs (0.035mll-1 PMCturb) 

in locations between 20 and 23°E in the western to central Agulhas Bank when total 
trawl catches did not exceed 1 metric ton. Incorporating the effects of these covariates 
and their underlying relationships into the regional oceanographic model (ROMS) will 

improve our forecasting techniques for squid catches to better manage this important 
resource.

KEYWORDS: Agulhas Bank; Loligo reynaudi; Genaralized Additive Models (GAMS)
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O15 - INTERSEASONAL AND INTERANNUAL DIFFERENCES IN GROWTH AND 
MATURITY OF Illex argentinus ALONG SOUTHERN BRAZIL

Haimovici, M.1; Bainy, M. C.R.S.2; Santos, R.A.3; Cardoso, L.G.2

1 - Instituto de Oceanografia - Universidade Federal do Rio Grande (IO FURG)

2 - Pós Graduação em Oceanografia Biológica IO FURG; 3 - ICMBio – Instituto Chico Mendes

3 - CEPSUL - Instituto Chico Mendes de Conservação da Biodiversidade (ICMBio)

Productivity along the southern Brazilian shelf and slope is strongly influenced by the 

seasonal shift of the shelf and oceanic fronts since colder and richer waters move 
northward during the cold season (June to November) in the southern hemisphere. The 
timing and intensity of the water mass movements change from year to year, resulting 
in large inter-annual variation in the incidental catch of Illex argentinus with bottom 
trawls. To study the variability in growth (mantle length at age) and size and age at 
maturity of I. argentinus throughout years and seasons, specimens from trawl catches 
between latitudes 28°S and 34°S were sampled from research cruises, between August 
2001 and June 2002, and commercial fishing, between March 2007 and January 2008. 

Overall, 2199 specimens were examined for maturity and 337 specimens had their daily 
increments in the statoliths recorded. Aged specimens ranged from 51 to 275 days, 55 to 
354 mm ML and 2.4 to 1098 g. For both sexes in both periods, growth was consistently 
larger in the specimens caught in the cold season; the difference of ML at maturity was 
around 30 mm larger than that for the ones maturing in the warm season; however, no 
consistent differences in age at maturity were observed. On the other hand, for both 
sexes and seasons in 2001-02, growth was faster and mean ML at maturity was 10 mm 
higher than in 2007-08. In contrast, mean age of the mature specimens was higher in 
the second period, associated with slower growth. Based in these results the longevity, 
spawning season growth and its relationships with environmental factors in southern 
Brazil are discussed. This negative anomalies in the SST in winter 2001 were associated 
with increased ML at maturity and higher growth by comparison with the same period 
in 2007. Similar to other coastal ommastrephids, in the warmer southern Brazilian 
subtropical environment, lower age and size at maturity were attained when they were 
compared to cohorts maturing in higher latitudes.

KEYWORDS: Illex argentinus; age and growth; life cycle
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O16 - FACTORS INFLUENCING DISTRIBUTION AND ABUNDANCE OF Octopus 
INSIDE AND OUTSIDE OF A MARINE PROTECTED AREA IN A KELP FOREST 
ROCKY REEF ECOSYSTEM

Hofmeister JKK1

1 - UC Berkeley

Anthropogenic influences on the marine environment, such as fishing, can result in 

altered community interactions and food web dynamics (Estes 1974). Most research 
about this topic focuses on keystone or apex predators, but studies focusing on mid-level 
predators can reveal interspecific competition and predator-prey interactions, resulting in 

a better understanding of how a certain ecosystem has been altered by anthropogenic 
activities. Octopuses are important mid-level predators but little is known about octopus 
population response to the establishment of marine reserves (Boyle and vonBoletzky 
1996, Rodhouse and Nigmatullin 1996). This study focused on the ecological factors 

influencing octopus distribution and abundance inside and outside a 35-year-old marine 

protected area (MPA) on Santa Catalina Island, California. It was hypothesized that 
octopus abundance would be greater in the non-MPA sites, as the removal of fish predators 

should relieve some predatory influence on their populations. Octopus distribution and 

density, predator composition and density, lobster density, and gastropod prey density 
surveys were completed in 10 sites during June-August 2012. Rock formation type and 

percent algae cover data were also collected for each site. Contrary to my hypothesis, 
preliminary analysis of the data suggests that within similar rock formations, there are 
more octopuses inside the MPA than outside. Moray eels, a major predator of octopus, 
are more abundant outside the MPA, possibly explaining this result. Furthermore, when 
a variety of rock formations are included in the analysis, this trend disappears. This 
suggests a possible hierarchy of factors influencing octopus distribution in a rocky reef 

kelp forest, where habitat type is more important than predator abundance. This study 
highlights the complex interplay of ecological factors that influence where octopus are 

found in their environment, and calls for further research to understand how octopus will 
respond to a changing world.

KEYWORDS: Octopus bimaculatus; Octopus bimaculoides; ecological dynamics
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O17 - VAMPIRE SQUID: DETRITIVORES IN THE OXYGEN MINIMUM ZONE

Hoving HJT1; Robison BH1

1 - Monterey Bay Aquarium Research Institute

Vampire squid (Vampyroteuthis infernalis) are considered phylogenetic relics with 
cephalopod features of both octopods and squids. They lack feeding tentacles, but in 
addition to their eight arms, they have two retractile filaments, the exact functions of 

which have puzzled scientists for years. We present the results of investigations on 

the feeding ecology and behavior of Vampyroteuthis, which include extensive in situ 
deep-sea video recordings from MBARI’s remotely operated vehicles (ROVs), laboratory 

feeding experiments, diet studies, and morphological examinations of the retractile 
filaments, the arm suckers and cirri. In the pelagic waters of the Monterey Submarine 

Canyon Vampyroteuthis is typically found at ~ 700 m depth, the center of the oxygen 
minimum zone (OMZ). Vampire squid were found to feed on detrital matter of various 

sizes, from small particles to larger marine aggregates that include remains of gelatinous 
zooplankton like salps, larvaceans and medusae, moults of crustaceans and also 
complete copepods, ostracods, amphipods and isopods. Zooplankton faecal pellets 
and microscopically small crustacean parts were found in almost all crop contents, 
further supporting marine aggregates as a food source. Both ROV observations and 

lab experiments led to the conclusion that vampire squid use their retractile filaments 

for the capture of food, supporting the hypothesis that the filaments are homologous 

to cephalopod arms. Vampyroteuthis’ feeding behavior is unlike any other cephalopod, 
and reveals an unique adaptation that allows these animals to spend most of their life 
at depths where oxygen concentrations are very low, but where predators are few and 
typical cephalopod food is scarce.

KEYWORDS: Vampire Squid; Feeding; Deep Sea
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O18 - CHARACTERIZATION OF OCEANOGRAPHIC CONDITIONS OF THE FISHING 
GROUNDS OF THE NEON FLYING SQUID (Ommastrephes bartramii) IN THE 
NORTH PACIFIC OCEAN

Kato Y.1; Sakai M.1; Igarashi H.2; Nishikawa H.2; Ishikawa Y.2; Seitou M.3; Ebina M.3; 
Usui N.4; Kamachi M.4; Awaji T.5

1 - National Research Institute of Far Seas Fisheries, Fisheries Research Agency

2 - Japan Agency of Marine-Earth Science and Technology
3 - Fisheries Research Institute, Aomori Prefectural Industrial Technology Research Center

4 - Meteorological Research Institute, Japan Meteorological Agency
5 - Graduate School of Science, Kyoto University

The neon flying squid, Ommastrephes bartramii, is widespread in subtropical and 
temperate regions. This economically important oceanic squid species has been 
harvested commercially by Japan since 1974, and subsequently by Korea and China. 
Field observations have revealed that O. bartramii has a one-year lifespan and that 
it migrates between its spawning grounds (30-35°N) and feeding grounds (40-45°N). 
The north Pacific population is comprised of two spawning cohorts; the autumn cohort 

and winter-spring cohort. Interestingly, despite their apparently contiguous hatching 
periods, there is a marked difference in the mantle length of both cohorts. Stock levels 
of the autumn-spawning cohort, which is important in the fishery economy because of 

its large size, were low during the period of large-scale driftnet fishing (1979-1992). 

After an international moratorium on all large-scale pelagic drift net fishing at the end 

of 1992, squid stocks increased rapidly. In this study, suitable fishing grounds in the 

northern Pacific were investigated using a Meteorological Research Institute multivariate 

ocean variational estimation (MOVE) system. The system is capable of producing highly 

accurate, three-dimensional, representations of ocean circulation and environmental 
parameters such as meso-scale eddies. Statistically, to predict the spatial characteristics 
of potential neon flying squid fishing grounds, oceanographic data from the MOVE system 

were used to construct a generalized linear mixed model (GLMM). The GLMM was used 
to determine the nature of the relationship between catch per units effort (CPUE) and 
environmental parameters. The environmental parameters used to construct the full 
model included sea surface temperature, sea surface salinity, eddy kinetic energy, water 
temperature (depth: 100 m, 200 m, 300 m, 400 m) and Okubo-Weiss parameter. The 

best predictive model for explaining CPUE data was selected by forward and 
backward stepwise selection. The predictors were considered to be 
significant for explaining the variance of CPUE if the residual deviance 

and Akaike information criterion decreased with each addition of the variables 
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and the probability of the final set of variables was lower than 0.01 (P<0.01). The results 

of this analysis indicated that the location of the fishing ground was related to mid-layer 

water temperatures.

KEYWORDS: Ommastrephes bartramii; GLMM; fishing ground
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O19 - IMPACT OF DECADAL SCALE CLIMATE CHANGES ON THE PEAK OF 
FISHING SEASON AND SITE OF FISHING GROUNDS OF JAPANESE COMMON 
SQUID Todarodes pacificus

Kidokoro H1; Yamashita N2; Sakurai Y3

1 - Japan Sea National Fisheries Research Institute, Fisheries Research Agency

2 - Hokkaido National Fisheries Research Institute, Fisheries Research Agency

3 - Faculty of Fisheries Sciences, Hokkaido University

Japanese common squid (Todarodes pacificus) is distributed in the northwest Pacific 

including the Sea of Japan, and is the most important cephalopod species in Japanese 
and South Korean fisheries. Peak of the spawning season of Japanese common squid 

is suggested to vary with decadal changes in oceanographic conditions. The variability 
of the peak of spawning season is considered to be a factor in the stock size variability. 
In this study, the impact of decadal scale climate changes on the site of main fishing 

grounds and the peak of fishing season were examined using catch statistics of the 

Japanese and South Korean fisheries. In the 1980s the fishing grounds were mainly 

sited in the Sea of Japan and the peak of fishing season was August. But in the 1990s 

the fishing grounds were formed both in the Sea of Japan and along the Pacific side of 

Japan and the peak of fishing season was October. The catch of Japanese common 

squid has declined in the Sea of Japan particularly in summer and the peak of fishing 

season shifted to November since 2000. Basically, water temperature anomalies around 
Japanese waters were negative throughout the year in the 1980s. But the anomalies 
turned positive in winter in the 1990s, and then they have been positive throughout 
the year since the 2000s. These decadal changes in water temperature are considered 
to affect the peak of spawning season (delay the peak of spawning season) and 
subsequently lead to changes in the site of main fishing grounds as well as the delay of 

the fishing season.

KEYWORDS: decadal scale climate changes; spawning season; Todarodes pacificus
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O20 - EFFECTS OF CHRONIC EXPOSURE TO DISSOLVED ZINC ON JUVENILE 
CUTTLEFISH Sepia officinalis L.: DEVELOPMENT OF APPROPRIATE BIOMARKERS

Le Pabic C.1; Safi G.1; Serpentini A.1; Lebel J-M.1; Koueta N.1

1 - BioMEA - FRE 3484 CNRS

The English Channel cuttlefish is one of the most important resources in the North-

Eastern Atlantic fishing stock. In this area, the Seine river bay is known to be particularly 

impacted by contaminants, while being a spawning and nursery area for the common 
cuttlefish Sepia officinalis. Thus, early life stages are exposed to pollutants such as 
heavy metals, the effects of which remain poorly understood. Among heavy metals, 
zinc is measured at high concentrations in polluted marine areas, is known to strongly 
accumulate in the Sepia officinalis digestive gland, with rarely studied effects on marine 
organisms. In order to describe the sensitivity of early life-stages of Sepia officinalis to 
long-time zinc exposure and understand its effects, two laboratory experiments were 
performed. In Experiment 1, hatchlings were seperated into 4 groups exposed to either 
1479, 703, 445 or 230 µg Zn/l for a 2 week period with specimen sampling at weeks 1 
and 2. In Experiment 2, hatchlings were exposed to 96 µg/l for 5 weeks and sampled at 
weeks 1, 3 and 5. During these experiments, mortality and growth were measured, and 
the activities of enzymes implicated in digestion (trypsin, cathepsin, acid- and alkaline- 
phosphatase), and immunity (lysozyme-like, antiproteases and phenoloxidases) were 
assayed. Mortality was observed at all concentrations tested in Experiment 1 with no 
effect on growth, whereas immune enzyme secretions were affected after 1 week of 
exposure at 445 µg/l and digestive enzyme secretions after 2 weeks at 230 µg/l. After 
5 weeks of 96 µg/l exposure (Experiment 2), we observed a growth decrease without 
increased mortality. These results give us a sublethal concentration after 2 weeks of 
exposure of about 250 µg/l, which is low in comparison to other molluscs species and 
exemplifies the value of cephalopods as model organisms in ecotoxicology.

KEYWORDS: Sepia officinalis; zinc; chronic exposure
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O21 - THE INFLUENCE OF THE TROPHIC HABITAT ON THE QUALITY OF THE 
GONAD OF Octopus vulgaris USING STABLE ISOTOPES AND LIPID CLASS AS 
BIO-INDICATORS

Lourenço S1; Narciso L1; González AF2; Pereira J3; Auborg S4; Xavier JCC5

1 - Centro de Oceanografia/Guia Marine Lab, Faculty of Sciences of the University of 

Lisbon 
2 - Ecobiomar, Instituto de Investigaciones Marinas de Vigo, CSIC
3 - Marine Resources and Sustainability Unit, IPIMAR
4 - Departamento de Quimica dos Alimentos, Instituto de Investigaciones Marinas de 
Vigo, CSIC
5 - Institute of Marine Research, University of Coimbra, Department of Life Sciences 

Octopus vulgaris is a merobenthic octopus with high growth rates, and an opportunistic 
predator with a diversified diet. The species adapts the reproductive cycle to the 

oceanographic characteristics of their habitats, presenting a long reproductive season 
in dynamic and productive systems, and a short reproductive season in oligotrophic 
systems. Trophic habitat and gonad quality of species neighbour populations of the 
Portuguese coast, in the northwest coast and in the south coast, were compared, using 
the digestive gland and beaks as long term recorders of trophic and habitat preferences, 
and gonads as short term indicators of egg quality. Cholesterol and phospholipids’ 
content, fatty acid (FA) profile of the digestive gland and stable isotopes, δ15N and 

δ13C, in the beaks were used as bio-indicators of possible differences in the trophic 

habitat between populations. For gonad quality, the same bio-indicators were used to 
identify differences during maturation. Considering the diet, the cholesterol content is 
significantly different between populations, with the individuals from the northwest coast 

presenting significantly higher cholesterol contents in the digestive gland. The FA profile 

of the digestive glands between populations presents significant differences in 10 FA, 

notably in the content of the C 22:6n-3, being significantly higher in the south coast. 

Differences in trophic habitat were also noticeable by the differences found in the δ15N 

ratio in the beaks, being significantly higher in the south coast, an indication that octopus 

in the northwest coast may be feeding on prey of higher trophic levels. At the gonad 
level, differences found in the cholesterol phospholipids contents appear unrelated with 
region. The FA profile content indicates differences in only three FA, of which C18:1n7 is 

not present. It is noteworthy that the DHA concentration in the gonads is 
significantly higher than its content in the digestive gland. The results 
observed indicate that there are trophic level differences between 
regions. At the level  of  l ip id c lasses and FA prof i le in the gonad 
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non-significant differences suggest that the animals are able to optimize 
reproductive performance notwithstanding significantly different feeding conditions. 
These results allows to hypothesised that female gonad lipid content is acquired 
independently of prey selection and region, depending in some extent of stored reserves 
during somatic growth.

KEYWORDS: trophic habitat; gonad quality; bio-indicators
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O22 - ESSENTIAL HABITATS FOR JUVENILE Octopus vulgaris ALONG THE 
PORTUGUESE COAST

Moreno A1; Lourenço S1; Pereira J1; Gaspar M1; Cabral HN2; Pierce GJ3; Santos AMP1

1 - IPIMAR
2 - Departamento de Biologia Animal, Faculdade de Ciências da Universidade de Lisboa

3 - Oceanlab, University of Aberdeen

The exploitation of the common octopus Octopus vulgaris in Portugal increased 50% 
in the last 20 years, largely motivated by the depletion of many fish stocks. Recently, 

the biomass of this fishery resource sharply decreased in some areas causing a major 

concern among local fishermen and an effort is underway to advice on novel and 

sustainable management measures. In this context, the nursery grounds of octopus 
along the Portuguese coast are identified using georeferenced fishery independent data, 

from autumn and winter sampling between 1996 and 2008. The relationships between 
juvenile aggregations and several environmental variables are analysed to characterize 
juvenile essential habitats (EFH) and to determine critical areas that could be protected in 
future management options. Juveniles are distributed throughout the Portuguese coast 
during autumn and winter aggregated in nursery grounds located in coastal waters at 
10-15 km from the coastline, which are characterised by average bottom depths of 80 m 
and to be associated to major rivers and lagoons. A well-defined seasonality is observed 

in juveniles distribution and abundance related to the specific population dynamics of 

octopus in each region. In the south and southwest coasts juveniles are more abundant 
during winter, but in autumn in the northwest coast. Sediment type, salinity and rainfall 
are the environmental variables that have more impact on juveniles distribution, 
regardless of any seasonal effects. On the other hand, temperature imposes seasonal 
limitations to juvenile distribution. Juvenile preferential habitat is characterised by bottom 
temperatures between 13.5 ºC and 15.1 ºC, average salinity values around 36.0, low 
precipitation (average < 300 mm), and coarse sediments (in which they found shelters to 

escape predation). The western zone adjacent to Ria Formosa lagoon (southern coast) 

was identified as the main nursery ground for O. vulgaris along the Portuguese coast. 
This is supported either by the higher abundance of juveniles and by the recurrence of 
their presence in this area over the years analysed, both in autumn and winter. The area 
adjacent to the Aveiro lagoon is the main nursery ground in the western coast. These two 
areas are under intense fishing pressure, both by artisanal fisheries using traps and by 

bottom trawling. Thus, its importance for the sustainability of the octopus fishery should 

be taken into consideration in future marine management strategies.

KEYWORDS: nursery grounds; habitat; EFH
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O23 - EFFECTS OF CHRONIC EXPOSURE TO ELEVATED PCO2 AND DECREASED 
DISSOLVED O2 ON EMBRYONIC MARKET SQUID, Doryteuthis opalescens, 
PHYSIOLOGY AND MORPHOLOGY

Navarro MO1; Tresguerres M2; Frieder CA3; Gonzalez J3; Bockmon EE4; Levin LA1 
1 - Scripps Institution of Oceanography, Integrative Oceanography Division & Center for 
Marine Biodiversity and Conservation
2 - Scripps Institution of Oceanography, Marine Biology Research Division
3 - Scripps Institution of Oceanography, Integrative Oceanography Division
4 - Scripps Institution of Oceanography, Marine Physical Laboratory

The market squid is a forage species important to the ecology of the California Current 
Ecosystem and is also the largest fishery by mass in California and fifth largest fishery in 

the USA. Spawning aggregations of market squid attach “beds” of capsules to the seafloor 

and embryos remain fixed for the duration of development (4-6 weeks). Increased wind-

driven upwelling and other environmental conditions associated with climate change 
can shoal hypoxic waters to depths < 90 m exposing embryos to seawater containing 

decreased dissolved O2 (DO; i.e. hypoxia) and elevated pCO2 (i.e. ocean acidification). 

Exposure to this seawater has unknown physiological consequences for the squid and 
the shoaling may significantly compress suitable habitat for squid embryogenesis. In 

the laboratory, squid embryos were exposed throughout most of their embryogenesis 
(4-5 weeks) to four seawater treatment combinations of high and low DO (240 and 90 
µmol/kg, respectively) and pCO2 (1200-1400 µatm and 380-420 µatm, respectively) 
at constant temperature (11 °C). At the end of embryogenesis, squid embryos were 
photographed, morphometric data were collected using imagej™ software, and JMP™ 
software was used for statistical analysis. Additional embryos were preserved for 
quantification of Na+/K+ and V-H+-ATPases by western blotting. Morphological data 

analysis supported increased developmental time of 5-7 days for embryos exposed 
to low DO. Preliminary findings support possible carry-over effects for paralarval (e.g. 

match-mismatch in timing of their hatching with availability of their prey). These findings 

also infer that some spawning habitats (e.g. >20 m) are less suitable for market squid 
embryogenesis. Ongoing research is investigating the use of elemental concentrations 
within squid statoliths as geochemical proxies for their exposure to elevated pCO2 and 
decreased DO as well as an assessment of the potential susceptibility of market squid 
to habitat compression.

KEYWORDS: Doryteuthis opalescens; Ocean Acidification; Hypoxia
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O24 - ENVIRONMENTAL EFFECTS ON SEASONAL VARIABILITY IN LONGFIN 
INSHORE SQUID CATCH IN NANTUCKET SOUND (NORTHEAST USA)

Nichols OC1; E Eldredge2; Cadrin SX1

1 - School for Marine Science and Technology, University of Massachusetts - Dartmouth
2 - Chatham Fisheries/Monomoy Trap Company

Environmentally-driven spatiotemporal heterogeneity in the distribution of commercially 
exploited marine species affects the interpretation of fishery and survey data incorporated 

into stock assessments and has implications for ecosystem-based fishery management 

and climate change adaptation strategies. While many studies have examined 

environmental effects on loliginid squid distribution or abundance at one or more 
scales, only a few studies have focused on longfin inshore squid (Doryteuthis [Loligo] 
pealeii); none of which have been conducted in inshore, shallow spawning habitat. The 
objective of this study was to test for relationships between D. pealeii catch and local 
environmental variables at relatively small spatiotemporal scales (< 25 km, intra-annual). 

Squid catch, predator occurrence, and fishing effort were documented using logbook 

data from commercial fish weirs in Nantucket Sound (northeast USA) in spring 2007-

2009. Oceanographic data were recorded using data loggers affixed to individual weirs, 

and meteorological data were collected from a nearby weather station. Generalized 
Additive Models (GAMs) were applied to examine the relative influence of environmental 

variables. Catches during which seal depredation occurred were removed from analyses 
to account for effects on gear efficiency. Significant environmental variables included 

seawater temperature and wind direction. Implications for incorporating environmental 
effects on survey catchability into stock assessments are discussed.

KEYWORDS: Doryteuthis pealeii; spatiotemporal distribution; generalized additive 
model
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O25 - OCEANOGRAPHIC CONDITIONS OF YUCATAN PENINSULA MODULATE 
PHYSIOLOGICAL AND IMMUNOLOGICAL CONDITION OF Octopus maya

Pascual C1; Rodríguez-Canul R2; Enríquez C1; Sánchez A1; Mascaró M1; Gallardo PE3; 
Rosas CV3

1 - Universidad Nacional Autónoma de México, Facultad de Ciencias, Unidad Académica Sisal

2 - Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional, 
Laboratorio de Inmunología y Biología Molecular. Unidad Mérida
3 - Universidad Nacional Autónoma de México

Octopus maya is an endemic species of México that support an important fishery. The 

species is frequent on the Yucatán Peninsula (YP) shelf (18°50‘42” N and 89°07‘32.16” 

W). The YP can be divided in distinct regions according to availability of cold and nutrient 

rich waters. The northern side of the peninsula is subject of upwelling events during 
spring and summer. However, there are also a transitional and an upwelling-less zone. 
To date, there is little information on the health status of wild octopus and its relationship 
with environmental conditions. The aim of this study was to investigate the physiological 
and immunological status of O. maya according to the upwelling regime of YP, i.e. (1) 
upwelling-less zone (2) upwelling zone, and (3) transitional zone. Eighteen immunological 
and physiological parameters were performed from O. maya blood samples. Results 

showed differences depending on zone of capture The concentration of glucose and 
acylglycerides were lower in organisms that live in the zone 1 than observed in octopuses 
living in zones 2 and 3, which could be linked to reproductive season, as the percentage 
of females in stages IV-V was predominant in this group. In animals captured in zone 

2 total hemocytes count and concentration of total plasma protein were higher than 
observed in the rest of animals, suggesting that the colder temperature that influence 

this zone could favor the physiological status of the organisms. Octopuses caught in 
zone 3 (transition), showed values of phenoloxidase higher than the rest of locations, 
suggesting that these animals could be under some type of immune response. However 
antibacterial activity was similar between organisms of different locations, indicating that 
response does not came from bacterial infections. These results put in evidence that O. 
maya, as other cephalopods, could be taken as a monitoring species of oceanographic 
changes associated with climate changes.

KEYWORDS: Octopus maya; hemolymph; components
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O26 - MODELLING HABITAT USE OF LESSER OCTOPUS Eledone cirrhosa TO 
IDENTIFY MARINE PROTECTED AREAS FOR RISSO’S DOLPHIN Grampus griseus 
IN SCOTTISH WATERS

Pierce GJ1; Macleod CD2; Burns F3; Dolman S4; Brownlow A5; Tetley M4; Santos MB6

1 - University of Aberdeen
2 - GIS in Ecology
3 - Marine Scotland Science
4 - Whale and Dolphin Conservation Society
5 - Scottish Agricultural College Wildlife Unit
6 - Instituto Español de Oceanografía

“Habitat models” relating marine predator distribution to environmental characteristics 

are generally assumed to reflect the environmental preferences of their prey. Since 

feeding areas are generally assumed to represent essential habitat, this provides a 
possible approach for defining Marine Protected Areas for predator species. Here we 

tested whether the distribution of a teuthophagous cetacean, Risso’s dolphin (Grampus 
griseus) in Scottish waters was related to the modelled distribution of its prey and thus 
whether suitable candidate MPAs for this cetacean could be identified. Analysis of 

stomach contents of Risso’s dolphins stranded in Scotland since 1992 revealed that the 

lesser octopus Eleodone cirrhosa made up around 90% of the diet. Since 2008, Marine 
Scotland Science has routinely recorded presence and numbers of E. cirrhosa during 
its trawling surveys. There was a strong relationship between the local abundance of 
E. cirrhosa and a number of environmental variables, such as water depth, variation in 
seabed topography and distance from the coast. Model results suggest that E. cirrhosa 
is likely to be particularly abundant around the Outer Hebrides and the Northern Isles. 
However, when the modelled distribution of E. cirrhosa was compared to sightings data 
on presence of Risso’s dolphin, it was found that there was no relationship between 

the two datasets. Thus Risso’s dolphin do not appear to preferentially occur in the best 

habitat for their key prey species, E. cirrhosa. It is possible that a higher spatial resolution 
will be needed to detect a relationship or that results were affected by sampling biases. 
Regardless of the reasons, this study suggests that modelling the distribution of the 

preferred prey species may not provide additional information to help inform the 
placement of MPAs for Risso’s dolphins, except in so far as a priori arguments may be 

invoked for protection of sites which are important for their prey.

KEYWORDS: habitat modelling; octopus; Marine Protected Areas
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O27 - LIFE-HISTORY AND POPULATION DYNAMICS OF THE RANGE EXTENDING 
Octopus tetricus IN SOUTH-EASTERN AUSTRALIA

Ramos J1; Pecl GT1; León R1; Moltschaniwskyj N2; Semmens J1; Strugnell J3

1 - Institute for Marine and Antarctic Studies – Fisheries, Aquaculture and Coasts. 

University of Tasmania
2 - School of Environmental and Life Sciences. The University of Newcastle
3 - School of Molecular Sciences. La Trobe University

Anthropogenic climate change is resulting in warmer waters that are in turn altering 
the distribution, abundance and life history of marine species. Associated changes 
in biodiversity and the functioning of ecosystems are impacting both fisheries and 

conservation management. The East Australian Current is extending further into 
Tasmanian waters and persisting for longer periods each year resulting in ocean warming 
for the Tasman Sea of 3–4 times the global average. Cephalopods are known for the 
extreme flexibility and plasticity of their life histories, short life cycles, high growth rates, 

and rapid turnover of populations and therefore have the capacity to respond quickly to 
environmental changes. Octopus tetricus is an abundant species and important fishery 

resource in eastern Australia. In the last few years it has been detected much further 
south, off Victoria and Tasmania, compared to its previous known range. In this study 

we examine the life history and population dynamics of O. tetricus at the poleward range 
extension in north-eastern Tasmania. A total of 538 octopus were collected monthly 
during 2011 from the commercial fishery. Preliminary results indicate a female:male ratio 

of 0.90:1, with only a small proportion of the population mature. Increment counts from 

stylets suggested age ranges of 82 to 308 and 74 to 374 days for females and males, 
respectively. Instantaneous growth rate was examined using Gompertz and Schnute 
models. Numbers of mature individuals recorded, gonadosomatic indexes and maturity 
coefficients suggested that the reproductive peak occurs during summer, although mature 

individuals (stages III and IV) were also observed throughout the year. Females reached 

50% maturity at ~1700 g of body weight (BW), and males at ~1100 g BW. Implications of 

age, growth and reproductive biology on the range shift and establishment of O. tetricus 
in south-eastern Australia (Tasmania) are discussed.

KEYWORDS: Water warming; Range shift; Life history and population dynamics
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O28 - SPATIO-TEMPORAL ANALYSIS OF DISTRIBUTION AND ABUNDANCE OF 
LESSER OCTOPUS Eledone cirrhosa IN NORTH-EASTERN ATLANTIC WATERS

Regueira M1; González AF1; Guerra A1

1 - IIM-CSIC

Understanding migration, habitat use and population structure of fishery resource 

species is essential for a correct management of fisheries. Geographic and bathymetric 

distribution as well as abundance was studied in Eledone cirrhosa (Lamarck, 1798), 
a benthic octopus inhabiting NE Atlantic and Mediterranean Sea. Capture data from 
two surveys series, carried out during summer-autumn in Galician coasts (NE Atlantic 
Ocean), were analyzed. “Galicia” series sampling extended all along Galician coasts, 

from Ribadeo Ría to Miño Estuary in 1974, 1975 and 1976, and “Campañas de la Veda 

de la Cigala” from Finisterre Cape to Miño Estuary in 2006, 2007 y 2008. A total of 

165 trawls with a depth range from 50 to 500 m. were considered. Data from hauls 
and other environmental data were transferred to a Geographic Information System 
(GIS), providing a platform for a spatial-temporal analysis. Bathymetric distribution, 
variations in abundance, biomass and average body size were analysed through years 
and seasons in order to infer population structure. Higher abundances were obtained 
in the 100-200 m strata, becoming higher in autumn, most likely due to new recruits. 
Octopuses attained higher sizes in summer and average weight increased with depth 
during all the sampling period. These variations of biomass and abundance suggest 
segregation by size. Females of this species reach higher sizes than males so data 
agree with the hypotheses of sexual migration and segregation. Relationship between 

abundance of octopuses and other abiotic oceanographic factors was also considered, 
in order to describe and display habitat preferences.

KEYWORDS: Eledone cirrhosa distribution; GIS; abundance
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O29 - BIOLOGICAL VARIATION IN COASTAL STAGES OF THE ENGLISH CHANNEL 
COMMON CUTTLEFISH (Sepia officinalis) AND FISHERY IMPLICATIONS

Robin J.P.1; Gras M.1; Grangeré K.1; Caplat C.1; Shaw P.W.2; Jackson E.3; Bloor I.3; 
Roel B.A.4; Coppin F.5

1 - Université de Caen Basse-Normandie
2 - Aberystwyth University
3 - The Marine Biological Association of the United Kingdom
4 - Centre for Environment, Fisheries & Aquaculture Science (Cefas)

5 - IFREMER

The English Channel cuttlefish Sepia officinalis is one of the largest European Cephalopod 
stocks. This cuttlefish migrate from a series of inshore spawning grounds to the offshore 

wintering area which is also the main fishing ground for trawlers (which are the first 

to catch this resource in the two year lifespan of cohorts). The Franco-English project 
“CRESH” (Cephalopod Recruitment from English Channel Spawning Habitats) created 

the opportunity to collect a series of cuttlefish samples from French and English coastal 

waters with the aim to better understand stock structure and contribution of coastal 
nurseries to the offshore recruitment. Following collection these samples were analysed 
and compared using a variety of different (and in some cases novel) approaches. Adult 
specimens migrating inshore to spawn in spring were collected and tissue samples 
analysed using genetic (microsatellite DNA) markers. An increased number of markers 
were developed to allow detection of subtle variation, and low but significant genetic 

differences were observed between North and South spawning grounds. This is the first 

evidence of some degree of “homing” in a cuttlefish stock. Juvenile specimens collected 

in autumn before the migration to the wintering grounds were analysed for trophic ecology 
(using stable isotopes signatures and stomach contents), trace elements composition 
(using ICP-Mass Spectrometry), and statolith shape (using elliptical Fourier analysis). 
All of the approaches used revealed consistent phenotypic differences according to the 
coastal origin of the samples, highlighting the influence of the environment on early life 

stages (and in the case of trophic ecology underlining the opportunistic behaviour of 
juveniles). In addition, analysis of samples of recruits caught by commercial vessels 
on wintering grounds suggest that cuttlefish actually mix in the central part the English 

Channel and that as such the stock replenishment depends on a series of coastal zones.

KEYWORDS: genetic structure; migrations and coastal stages; trophic ecology



35

Cephalopod International Advisory Council Symposium 2012
27 Oct - 02 Nov 2012 | Majestic Palace Hotel | Florianópolis, Santa Catarina, Brazil

O30 - THE ROLE OF SQUID IN PELAGIC MARINE ECOSYSTEMS

Rodhouse, PGK1; Young JW2; Olson RJ3

1 - British Antarctic Survey
2 - CSIRO
3 - Inter-American Tropical Tuna Commission
 
Squid play a central role in marine pelagic food webs by linking the massive micronekton 
biomass, particularly myctophid fishes, to many oceanic top predators, particularly tunas 

and billfishes. Characterized by short life spans and fast growth rates, squid respond 

more readily to environmental change than perhaps any other mid-trophic-level organism 
in the open ocean. As squid are the central link in many, if not most, pelagic ecosystems, 
a concerted focus on identifying the role of squid in marine ecosystems is critical to 
advancing our understanding of what may be occurring in changing oceanographic 
conditions. With the aim of assembling current knowledge on these fauna in relation 

to ocean ecosystems, the regional program CLIOTOP (http://www.imber.info/index.

php/Science/Regional-Programmes/CLIOTOP) and the Pelagic Fisheries Research 

Program, Hawaii funded an International workshop from which this volume has arisen. 
The volume includes the role of squid in pelagic ecosystems supporting tunas and 
other upper-level predators; how climate change might impact squid populations and 
the ecosystem; consideration of the recent range expansions of Dosidicus gigas in the 
Pacific Ocean; and identification of future research needs. At time of writing, three of 

the ~22 manuscripts are at proof stage (http://www.sciencedirect.com/science/journal/

aip/09670645). This presentation describes some of the outputs from the volume, which 
is listed for publication in 2013.

KEYWORDS: Squid; Pelagic; Ecosystems
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O31 - CEPHALOPOD PARALARVAE DISTRIBUTION AND INTERACTIONS WITH 
MESOZOOPLANKTON COMMUNITIES IN A COASTAL UPWELLING SYSTEM (RÍA 
DE VIGO, NW SPAIN)

Roura A1; Álvarez-Salgado XA1; González AFG1; Gregori M1; Rosón G2; Guerra A1

1 - Instituto de Investigaciones Marinas
2 - Universidad de Vigo, GOFUVI

The distributions of Octopus vulgaris, Sepiola atlantica, loliginid and ommastrephid 
paralarvae present within the mesozooplankton communities off the Ría de Vigo (NW 

Spain) were studied in relation with the prevailing circulation patterns under upwelling 
and downwelling conditions to examine their contrasting life strategies. A total of 
630 paralarvae were captured in 61 out of 80 samples. O. vulgaris paralarvae were 
the most abundant, accounting for 64.4% (406), followed by loliginids 22.7% (143), 
S. atlantica 12.3% (77) and only 0.6% of the distinctive ommastrephid paralarvae (4 
“rhynchoteuthions”). Different dorsal mantle lengths found in loliginids and S. atlantica, 
but not in O. vulgaris, together with the opposite vertical distributions displayed by 
the paralarvae under the same circulation patterns revealed opposite life strategies. 
While O. vulgaris paralarvae took advantage of the circulation pattern to be advected 
offshore (prevailing in the outgoing layer), S. atlantica and loliginids did it to be retained 
in the coastal and frontal communities (prevailing in the ingoing layer). Under upwelling 
conditions the outgoing layer was at the surface and the ingoing layer at the bottom, but 
the opposite occurs under downwelling conditions. Mean abundances of cephalopod 
paralarvae were proficiently modelled (more than 90% of their variability was explained) 

using combinations of only two variables derived from the meteorology, hydrography, 
dynamics and biology of the mesozooplankton community. The distribution of O. vulgaris 
suggests a new framework in the unknown early life ecology of this species.

KEYWORDS: cephalopod paralarvae; mesozooplankton; Ría de Vigo
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O32 - RELATIONSHIP BETWEEN SEASONAL VARIATION IN SIZE OF JUMBO 
FLYING SQUID (Dosidicus gigas) AND ENVIRONMENTAL FACTORS

Sadayasu K.1; Kato Y.2; Abo J.1; Sakai M.2; Takahashi K.1; Ochi Y.1

1 - Marine Fisheries Research and Development Center, Fisheries Research Agency

2 - National Research Institute of Far Seas Fisheries, Fisheries Research Agency

Jumbo flying squid (Dosidicus gigas) is an oceanic-neritic species endemic to the eastern 
Pacific. This species forms an important component of the marine food web and plays 

an important role in Japanese fisheries. Although this species has been commercially 

harvested, with a maximum annual catch of 800,000 tons/year, its biology remains 
largely unknown. Most landing sites of D. gigas are offshore of Peru, where Japanese 
squid jigging boats have fished for this species continuously since 1999. D. gigas caught 
in this region were processed into several parts (mantle, fin, tentacle), and the mantles 

were divided into groups based on size and frozen into solid blocks. Because the market 
price is different for each size group, size distribution is an important factor in jumbo 
squid fishery. In this study, using squid landing information, as well as environmental 

and biological data, we analyze the relationship between seasonal variation in size of D. 
gigas and environmental factors between January 2006 and July 2011. 
The size of D. gigas fluctuated both seasonally and yearly. Size fluctuation was 

compared with the NINO3 index, the average sea surface temperature anomaly in the 
region bounded by 5°N to 5°S, from 150°W to 90°W. The ratio of small and medium-

sized squid was over 50% in the summers of 2007, 2009 and 2010, and the NINO3.4 
index was positive during these seasons. This region shows large variability in El Niño 

time scales, and is close to the region where changes in local sea-surface temperature 
are important for shifting the large region of rainfall typically located in the far western 
Pacific. This result suggested that fluctuation in D. gigas size off the coast of Peru could 
be synchronized with the El Niño event.

KEYWORDS: jumbo flying squid; Nino3 index; size component
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O33 - DISTRIBUTION AND ABUNDANCE OF JUVENILE JUMBO FLYING SQUID 
Dosidicus gigas OFF PERU IN DECEMBER 2011 TO JANUARY 2012 FOLLOWING 
THE 2009/2010 EL NINO

Sakai M1; Wakabayashi T1; Kato Y1; Yamashiro C2; Mariategui L2; Tafur R2; Tsuchiya K3

1 - National Research Institute of Far Seas Fisheries

2 - IMARPE
3 - Tokyo University of Marine Science and Technology

The stock size of jumbo flying squid Dosidicus gigas off Peru decreased in mid-2010 
following the 2009/2010 El Nino. The effects of ENSO (El Nino Southern Oscillation) 
events on the stock size of D. gigas have been discussed by several authors, but the 
relationship remains unclear, mainly due to a lack of information on the recruitment 
status of the species. The present study was conducted to determine the distribution 
and abundance of D. gigas juveniles more than a year after the 2009/2010 El Nino. 
Biological and oceanographic surveys were conducted off Peru on board the R/V Kaiyo 

Maru during December 2011 to January 2012. Juvenile squid were captured using a 
surface mid-water trawl net at 51 stations. The juveniles were widely distributed up to 
400 nautical miles from shore. Abundance was higher than in 2007, suggesting the stock 
size had recovered.

KEYWORDS: Dosidicus gigas; juvenile; recruitment
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O34 - SPATIO-TEMPORAL VARIABILITY IN GROWTH OF Illex argentinus IN 
RELATION TO THE ENVIRONMENTAL GRADIENTS EXPERIENCED IN THE NORTH 
EXTREME OF DISTRIBUTION

Schroeder, R1; Perez, JAA1

1 - Universidade do Vale do Itajaí

The argentine shortfin squid, Illex argentinus, is distributed along the shelf and slope waters 
of South America between 22 and 55oS. In the north extreme of species distribution (22-
29oS) spawning individuals are found along the whole year. The oceanography regime is 
seasonally dynamic throughout the year and changes in spatial and temporal scales in 
this region. The present study addressed the impacts of environmental gradients in spatial 
and temporal variability in growth by analyzing gladius microstructure in 607 adult squid 
captured during the operations of foreign trawlers conducted off southern Brazil between 
October of 2001 and September of 2002. Spatial variability was analyzed from the series 
of growth increments reconstructed from individuals captured within a 15 days interval in 
each month. Such growth curves were confronted with mean bottom temperature profiles 

obtained in research cruises. In the period analyzed growth conditions increased from 
spring time achieving elevated values in summer, decreasing significantly in autumn. 

Significant differences in spatial variability were observed between October and March. 

The highest growth condition was observed during the winter between July and August 
when bottom temperature drop to its minimum. Growth conditions during winter were 
associated with low bottom temperatures in deep waters of the south extreme of the 
study area. The temporal variability observed between summer and spring could be 
associated to the picks of maximum production in subsurface due to ascension of the 
South Atlantic Central Water (SACW) to satisfactory levels induced by cyclonic vortices 

between October and March, being higher during the summer. For the winter spawners, 
however, growth conditions were not in accordance with local productivity patterns. In 
this case, growth conditions experienced by adult squids increase at low temperatures in 
deep waters, probably compensated by decreasing metabolism costs.

KEYWORDS: Illex argentinus; Gladius; Southern Brazil
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O35 - QUANTIFYING SPAWNING HABITAT FOR THE CALIFORNIA MARKET SQUID, 
Doryteuthis opalescens

Zeidberg LD1; Miller C2; Booth JAT3

1 - California Department of Fish and Game

2 - Naval Postgraduate School
3 - UCLA Atmos & Ocean Sci

The fishery of the California market squid, Doryteuthis opalescens, is known for 
its variability. One factor that may contribute to this dynamic population is that the 
cumulative area of suitable spawning habitat has oscillated between seasons and years 
with the changing marine environment. As the area of habitat that is most suitable for egg 
incubation fluctuates, it may result in a large or small fishery as a given cohort matures. 

Squids lay 100-300 eggs in capsules that are inserted into sand with a thin anchoring 
strand. Wave surge ventilates the eggs, there is no brooding. Laboratory experiments 

have shown that >95% of squid eggs hatch when reared between 9-14oC. ROV 

observations of squid eggs from the 2001-2002 fishery demonstrated that >95% of egg 

capsules occurred in the sand, between depths of 20-70m, and between temperatures 
of 10-14oC. We determined the area of suitable spawning habitat for market squid for 

the period of 1997-2010 based upon the four parameters of substrate-type, depth, 
temperature, and oxygen. We utilized existing datasets from CalCOFI, CSUMB Seafloor 

Mapping Lab, and NOAA bathymetry to see where appropriate temperatures, oxygen, 
substrate, and depth intersected to create an adaptive site for squid reproduction. Area 
of suitable spawning habitat was compared to fisheries data for each quarter of 1997-

2010. While not predicting all inter-annual variability, suitable spawning habitat defined 

herein can explain some seasonality and predict El Niño based fishery collapses. These 

mapping tools could be applied to suitable habitat parameters of any species.

KEYWORDS: spawning habitat; ArcGIS Mapping; squid eggs
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Cephalopods as predators in marine 
ecosystems - effects of climate change

O36 - FOOD AND FEEDING HABITS OF JUMBO SQUID (Dosidicus gigas, 
D’ORBIGNY, 1835) OFF PERU

Alegre A1; Tafur R2; Espinoza P2; Argüelles J2; Maehara V3; Simier M4; 
Ménard F4; Bertrand A4

1 - Instituto del Mar del Perú and IRD, UMR212 EME IFREMER/IRD/UM2

2 - Instituto del Mar del Perú
3 - Universidad Nacional Agraria La Molina
4 - IRD, UMR212 EME IFREMER/IRD/UM2

The jumbo squid Dosidicus gigas (d’Orbigny, 1835) is a main predator of the Humboldt 
Current system, playing an important trophic role in the neritic and oceanic ecosystems. 
To get more insight on jumbo squid trophodynamics, we investigated its dietary habits in 
relation to mantle length, maturity and sex, as well as temporal and spatial distributions. 
Several statistical methods were applied to an extensive dataset of 3620 contents 
of non-empty stomachs (jumbo squid mantle length ranging from 140 to 1142 mm): 

Generalized Additive Model (GAM), Multivariate Regression Tree Model and Principal 

Components Analysis (PCA). Specimens were caught by Japanese and Korean fleet 

along the Peruvian coast (3°S to 18°S - 2 to 600 nautical miles from the coast) from 2004 
to 2011. A total of 62 prey identified at varying taxonomic levels were recorded, the most 

important groups being cephalopods (including D. gigas), malacostraca crustaceans 
(Euphausiidae) and Teleosteii (Photichthyidae, Myctophidae and Nomeidae). Congeners 
(indicating cannibalism) dominated the diet by weight (W=35.4%), while Euphausiidae 

formed the bulk of diet by number (N=62.2%). Cephalopods and Vinciguerria lucetia 
were the dominant taxa in frequency of occurrence (FO=30.6 and 27.6%, respectively). 
Our results evidence large diet variability in prey composition, but similar trophic profiles 

compared to other latitudes in both hemispheres (Mexico and Chile). All predictor 
variables in the GAM models have significant impact on stomach fullness (p <0.0001). 

Stomach fullness was higher in juvenile and increased with the distance to the shelf. 
Euphausiidae were more important at distances less than ~150 km from the shelf, 
while V. lucetia exhibited the opposite trend. Such patterns match with the distribution 
of these forage prey. Cannibalism increased with the mantle length, but large jumbo 
squids continue to consume large proportions of small prey, especially Euphausiidae. 
Our findings evidence the opportunistic foraging behaviour of jumbo squids which adapts 

its diet to prey availability and energy requirements.

KEYWORDS: Jumbo squid; Dosidicus gigas; trophodynamics
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O37 - SPATIAL AND TEMPORAL TRENDS OF OCTOPUS PREDATION IN THE ROCK 
LOBSTER FISHERY IN TASMANIA

Briceño F1; Frusher SD1; Dambacher JM2; Gardner C1; André J1; León R1; Pecl GT1 
1 - Institute for Marine and Antarctic Studies (IMAS), University of Tasmania
2 - CSIRO Mathematical and Information Sciences

The south-eastern coast of Australia is considered a ‘hotspot region’ due to an 
accelerated rate of warming compared with the sea surface temperature (SST) global 
average. Warming is largely a function of the intensification of the East Australian 

Current, a warmer nutrient-poor current. Ecosystem responses to temperature changes, 
and subsequent impacts on socio-economic activities such as commercial fishing, are 

current gaps in knowledge. The southern rock lobster (SRL), Jasus edwardsii, is the 

second most important fishery resource in Tasmania, and has been identified as an 

“early warning signal” for how Australian fisheries may be impacted by climate change. 

The interaction between SRL and its predators are likely to change, with some evidence 

that octopus, a key predator of rock lobster, may increase in abundance under climate 
change. Predation by the Maori octopus (Pinnoctopus cordiformis) (previously known as 
Octopus maorum) within lobster traps is a major component of lobster mortality in the 
region resulting in significant financial loses. Compulsory reporting of octopus-induced 

lobster mortality has occurred since 2000. Using extensive commercial fishery data, we 

conducted a multiple regression time series analysis using sea surface temperature (SST) 
and lobster catch rate (LCR) as explanatory variables to model mortality rate by octopus 

(MRO). Time series trends (2000-2009) show that octopus predation is characterized by 

a high inter and intra annual variability. ‘Explosive’ mortality events on lobster pots were 
observed for both eastern and western waters, although with different cyclic frequencies. 
Lobster mortality rate climatology shows that western fishery areas follow a seasonal 

pattern with a peak in summer. In eastern areas, however, we observed a second higher 
peak during winter. Preliminary multiple regression models by fishery area showed that 

short lags (1-6 months) in SST and LCR are partially explaining MLO in target areas. 

This work is the first component of a multiple disciplinary approach to modelling the 

rock lobster-octopus interaction under climate change scenarios. Outcomes from this 
study will lead to practical adjustments and improvements to the stock assessment 
process, for instance, by providing spatial estimates of lobster mortality by octopus and 
understanding how this interaction may change in the future.

KEYWORDS: Octopus predation; Lobster fishery; Climate change
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O38 - TROPHIC HABITS OF TWO OMMASTREPHID SQUIDS, Illex coindetii AND 
Todarodes sagittatus IN THE WESTERN MEDITERRANEAN SEA

Rosas-Luis R1; Sanchez P1

1 - ICM CSIC

Illex coindetii and Todarodes sagittatus squid cached by commercial trawls in the 
Western Mediterranean Sea during 2010-2012 were used to describe and compare their 

feeding behavior. A total of 121 I. coindentii and 161 T. sagittatus stomach contents 
were analyzed. Crustacean and Fish were the main prey items in both species and 
mollusks were observed. Pasiphaeidae and Amphipoda crustaceans were identified in 

33.88 and 9.09 % of I. coindetii and 18 and 25 % of T. sagittatus and 18 different otoliths 
were recovered for 59.5% of I. coindetii while 22 in 54.27% T. sagittatus, Paralepididae 
and Myctophidae were observed as fish prey items but the most prevalent item for both 

species in frequency and abundance was Paralepididae. According to the Importance 
Relative Index the main prey items for both species were the crustacean Pasiphaea 
multidentata, and the amphipod Anchylomera blosseville which were present in the 
feeding behavior of both squid species. I. coindetii showed a preference for Lestidiops 
sp. while Arctozenus risso was preferred by T. sagittatus, and the same in crustaceans 
where I. cooindetii diet was integrated by P. multidentata, A. blossevillei, and Pasiphaea 
sivado while in T. sagittatus was integrated by P. multidentata, Phronima sedentaria, A. 
blossevillei, Decapoda, Phrosina semilunata and others. Teuthida was the main prey 
item group in mollusks and it appears that the cannibalism is not a common tendency 
in both species, however other squid species were present and T. sagittatus fed on 
Histeoteuthis reversa, Ancistroteuthis linchtensteinii and I. coindetii while I. coindetii on 
Todaropsis eblanae, T. sagittatus, and Loligo forvesii. Both predators fed substantially on 
crustaceans and fish but T. sagittatus fed on a wider range of prey items (21 crustacean 
and 22 fish species) than I. coindetii (8 crustacean and 18 fish), suggesting that T. 
sagittatus is a more generalized predator than I. coindetii and the competition for food 
resources appears low between both species as result of a different diet composition.

KEYWORDS: Illex coindetii; Todarodes sagittatus; Mediterranean Sea
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O39 - GENETIC VARIATION IN CONSECUTIVE GENERATIONS OF CULTURED 
CUTTLEFISH, Sepia officinalis

Andrade, J. P.1; Baptista, F.D.2; Sykes, A.V.2; Porta, J.M.A3; Porta, J.3

1 - CCMar-CIMAR, L.A. and Estación Biológica de Doñana CSIC, C/ Americo Vespucio, 

s/n, 41092, Isla de la Cartuja, Sevilla; España
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3 - Universidad de Málaga, Facultad de Ciencias, Departamento de Genética

The collapse in egg viability after 6-7 consecutive generations produced in captivity is 
one of the main bottlenecks in cuttlefish (Sepia officinalis) culture. This collapse might 
be related to inbreeding because reproduction from the mating of two genetically related 
parents produces negative effects such as increased homozygosity, which leads to a 
bigger chance of expression of lethal or lower fitness recessive genes and a reduction 

of genetic variance. In this study, we developed a microsatellite PCR multiplex for S. 
officinalis adapted to automated detection systems, made up of seven microsatellite loci 
(Sof1, Sof2, Sof3, Sof4, Sof5, Sof6 and Sof7). Its reliability has been proved by obtaining 
reproducible genotyping data from a wide range of individuals. These markers were 
used to estimate the number of alleles per locus, the average observed heterozygosity 
(Ho)and expected heterozygosity (He), the Polymorphic Information Content (PIC) and 
the Coefficient of Inbreeding (FIS) of 308 S. officinalis individuals cultured during 5 
consecutive generations (F1=98, F2=30, F3=29, F4=53 and F5=98). The reduction of 
genetic variation in these consecutive generations of S. officinalis is analysed in order 
to clarify the extent of inbreeding and inbreeding depression in this species. These 
results are discussed in terms of their applicability to and use in S. officinalis broodstock 
management and culture.

KEYWORDS: Cuttelfish culture; Inbreeding; Broodstock management
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O40 - ACTUAL STATUS AND BOTTLENECK OF Octopus maya NUTRITION: IN THE 
WAY OF A FORMULATED DIET FOR ITS AQUACULTURE

Gallardo, P.1; Mascaró, M.1; Pascual, C.1; Sánchez, A.1; Caamal-Monsreal C.1; 
Martínez R.2; Linares M.1; Villegas G.1; Fabian-Canseco, L.1; Rosas, C.1

1 - Universidad Nacional Autónoma de México
2 - Universidad Autonoma de Guanajuato

Thanks to its holobenthic juvenile Octopus maya have a big potential for aquaculture. At 
the date there are many nutritional studies that were made in attempt to development 
a diet for this octopus species. In the present study we made a review of the actual 
status of Octopus spp nutrition with emphasis in O. maya, putting particular attention in 
ingredients used to feed animals and its consequence on growth and energetic balance, 
and digestive processes that occurs during feeding. The first studies made on O. maya 
in the 70´s concluded that octopus culture only was successful when crustaceans were 
used as food. For that reason, our research was directed to the study of digestive 
physiology in attempt to understand the mechanisms involved during digestion and 
assimilation of ingested food. Today, we have known that the digestive environment 
into the octopus digestive tract is acidic with pH´s between 5.5 and 6 where cathepsin 
L, B and D and other acidic enzymes have the principal role. Also was established that 
digestive processes of octopus juveniles and adults is accomplished between 6-8 h, 
with a peaks at 20-40 min after feeding (AF) and at 4-6h AF. The first phase, start with 

absorption of dissolved nutrients that pass through the digestive tract toward digestive 
gland where molecules are absorbed. In this phase, during its transit through digestive 
tract, those molecules are attacked by digestive enzymes producing a peak of dissolved 
proteins into the gastric jus. As a consequence, an increment on protein in digestive 
gland was registered followed by an increment on amino acids in blood. These results 
corroborate the existence of this first pulse of soluble molecules ingested into the first 40 

min AF and suggest the secretagoge role that these molecules could have to facilitate 
the digestion of more complex nutrients. A similar process was registered during second 
phase of digestion, where digestion of more complex molecules occurs. Those results 
explain for first time the reason why the crustaceans facilitates the digestion and in 

consequence the octopus growth. Taking into consideration this information, a complex 
diet made with squid and crustacean meat as a source protein was tested and compared 
with a diet made with crab only. Animals fed complex diet had a growth rate better than 
observed on animals fed crab; today this diet is used to feed O. maya in a pilot scale 
system.

KEYWORDS: Octopus maya; Nutritional physiology; Digestion
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O41 - LAND BASED AQUACULTURE OF COMMON OCTOPUS IN JAPAN

Gleadall IG1

1 - Tohoku University Faculty of Agriculture

The price of common octopus on the world market has been rising steadily in recent years 
because of both a decline in supply through overfishing and an apparently insatiable 

demand. In Japan, the demand is so high that the price per kg of common octopus now 
exceeds that for the highly prized abalone despite the long (>30 years) history of importing 
large amounts of octopus from as far away as western Africa. The failing supply driving 
up prices has been exacerbated further because the traditional Japanese fast-food item 
takoyaki (grilled dough balls with a filling of octopus) has been growing in popularity to 

such an extent that new takoyaki restaurants are being established almost daily both 
within and outside Japan. Significantly, the takoyaki industry relies almost exclusively on 

common octopus, despite attempts to use other species, because of uncompromising 
taste preferences. Aquaculture of the common octopus is still not commercially viable but 
for the takoyaki industry to survive, this seems to be the only course of action to increase 
supply. Shortly after the Tohoku disaster in March, 2011, one of the largest takoyaki 
companies moved its head office from Tokyo to the stricken fishing port of Ishinomaki (in 

the northeastern part of Sendai Bay), with a view to contributing to its reconstruction and 
revival. This company has proposed the establishment of common octopus aquaculture 
in Ishinomaki, and has gathered a consortium of local government, research and 
commercial interests to provide a foundation for a successful new business in which 
local people can be employed. This presentation summarizes the economic background 
to, and the problems and solutions currently under investigation in a pilot project for land-
based aquaculture of the Japanese common octopus, based initially around large-scale 
holding facilities owned by a local salmon aquaculture business. Of particular interest is 
the contribution of novel solutions by the combined practical expertise of the companies 
involved in promoting the success of the project. Also discussed are new data acquired 
concerning the most appropriate identification of the Japanese common octopus.

KEYWORDS: Octopus; land-based-aquaculture; economics
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O42 - SPATIO-TEMPORAL ANALYSIS OF REFLECTINS EXPRESSION DURING 
DEVELOPMENT OF Sepia officinalis EMBRYOS (MOLLUSCA, CEPHALOPODA)

Andouche, A.1; Bassaglia, Y.2; Baratte, S.3; Bonnaud, L.4

1 - Museum National d’Histoire Naturelle (MNHN), DMPA, UMR Biologie des Organismes 
et Ecosystèmes Aquatiques (BOREA), MNHN CNRS 7208, IRD 207, UPMC
2 - MNHN CNRS 7208, UPEC
3 - MNHN CNRS 7208
4 - MNHN CNRS 7208, Paris Diderot

Cephalopods can manage and manipulate incident light from their environment to 
produce iridescence. For that, they use reflector‘s cells named iridophores that are 

constituted of platelets structured in multilayer reflector. The role of these platelets is 

essential in the coloured pattern establishment. They are composed of proteins, the 
reflectins, unique in metazoans. They show a great diversity in all cephalopod species 

studied questioning both the evolution of this family and the adaptive advantage they 
confer to this group. On our target model, Sepia officinalis, iridescence is known to have 
a role in patterning and/or communication. Iridophores are observed in numerous adult 
body parts; they take place before hatching but very little is known on the setting up of 
these cells, their distribution in embryos and the contribution of each reflectin. In order 

to enhance the understanding of the spatio-temporal establishment of iridophores and 
reflectins during embryonic development, we studied in Sepia officinalis (i) the potential 
diversity of reflectins (ii) the expression of reflectins and (iii) their assembling (or not) in 

iridophore. We shown that six major genes are implied during the development and, by 

in situ hybridization, we shown reflectin expression in numerous parts of the body as 

soon as stage 25. Surprisingly this expression is not constant during the development, 
showing a control of the balance expression-translation. The co-expression of two 
different reflectins evidenced a colocalisation suggesting that iridescence is conditioned 

by the assembling of several forms, probably functionally constrained during evolution.

KEYWORDS: Sepia officinalis; reflectin expression; development iridophores
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O43 - LOLIGINID PARALARVAE OFF THE SOUTHEASTERN BRAZILIAN BIGHT 
(22°-25°S) IN RELATION TO OCEANOGRAPHIC CONDITIONS

Araújo, C 1; Katsuragawa, M 2; Gasalla, M 1
1 - Fisheries Ecosystems Laboratory, Department of Biological Oceanography, 

Oceanographic Institute, University of São Paulo
2 - Icthyoplankton Laboratory,Department of Biological Oceanography, Oceanographic 
Institute, University of São Paulo

Plankton samples obtained from historical surveys using bongo nets and Multinet (333 
µm) were examined in order to identify loliginid paralarvae distribution and abundance 
off the Southeastern Brazil Bight (22−25ºS) up to 200m from 1991 to 2005. Abiotic 

data were obtained from CTD casts. Eleven oceanographic cruises were conducted in 
summer, spring and winter, totalizing 644 samples. From the 246 paralarvae obtained, 
~50% were identified to the genus or species level. The identified paralarvae included 

Doryteuthis spp. (D. sanpaulensis and D. plei), Lolliguncula brevis and a single 
specimen of Pickfordiateuthis pulchella. Latitude and depth gradients were verified, 

with the northernmost area showing higher abundances between Cabo Frio (22°58’S) 
and São Sebastião Island (24°S) up to the 100m isobath. Paralarval occurrence and 
abundance peaked in different areas associated to different oceanographic conditions. 
D. sanpaulensis was found mainly in the northernmost area (22°58’S) up to the 50m 
isobath, associated with local seasonal upwelling. D. plei was more abundant in the 
southernmost area between São Sebastião Island and Cananeia (25°S) up to the 100m 
isobath. During summer, D. sanpaulensis was more abundant (63 squid 100m-3) and 
associated to lower sea surface temperature (SST) (14.7−23.8°C) between 40−45m 

isobaths, while D. plei was associated with higher SST (24.8−27.8°C) between 25-

65m isobaths. During winter, D. plei was the most abundant loliginid (6 squid 100m-3). 
Doryteuthis spp. were often associated to stratified water column while was found in 

an estuarine region (Santos 24°50’S) between 7−25m isobaths, only during summer 

and spring, in relatively lower sea surface salinity (≤32.1), in homogeneous waters. 

Mantle lengths (ML) of loliginid paralarvae ranged from 1.1 to 6.3mm, with 60% of the 
specimens under 3mm. Paralarvae found in spring stations were larger than those from 
summer and winter. Overall, the highest abundance of paralarvae occurred in nearshore, 
northernmost areas, during summer, which can be associated to retention mechanisms 
caused by local circulation, seasonal upwelling and the intrusion of nutrient-rich waters 
as well as to spawning peaks. The present study provides new information on loliginid 
early life stage patterns in the area that will be useful to investigate recruitment patterns 
and fisheries assessment of squid populations.

KEYWORDS: Paralarvae occurrence; Loliginidae; Oceanography
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O44 - IS THE WESTERN TRANSPORT HYPOTHESIS RELEVANT TO THE CHOKKA 
SQUID DEEP SPAWNING GROUNDS ON THE AGULHAS BANK, SOUTH AFRICA?

Downey NJ1; Roberts MJ2; Sauer WHH3

1 - Bayworld Centre for Research and Education
2 - Department of Environmental Affairs
3 - Rhodes University 

The chokka squid, Loligo reynaudi, spawns mainly along the south coast of South Africa, 
both inshore (≤70 m) and offshore (71-130 m). Offshore spawning contributes some 18% 

to total egg biomass. Shelf currents have been proposed to play an important role in the 
transport of newly hatched paralarvae from the spawning grounds to the highly productive 
cold ridge region on the Central Agulhas Bank-the Western Transport Hypothesis (WTH). 

Earlier work however indicates large losses of mid-shelf hatched paralarvae from the 
Agulhas Bank. This study aimed to (1) test the WTH and its application to deep spawned 

paralarvae, (2) determine the role of currents in paralarvae transport and (3) determine 
whether deep spawned paralarvae contribute to recruitment. Using an Individual-based 
model coupled with a hydrodynamic model, the transport of paralarvae from six deep 
spawning sites was examined. Paralarvae survival was determined from: (1) Successful 

transport to the cold ridge and inshore spawning grounds before the critical period of 
transition from yolk utilization to prey capture, (2) a sufficient retention time in these 

food rich areas, as first-feeding paralarvae are particularly sensitive to starvation and 

(3) the fate of paralarvae once transported out of the cold ridge, i.e. retention on the 
Central Agulhas Bank versus advection off the shelf. As a result of advection off the 
easternmost regions of the Eastern Agulhas Bank, cyclonic/anticyclonic circulation within 
embayments and Agulhas Current boundary phenomenon, successful transport from 
this area to the inshore spawning grounds varied. Transport to the cold ridge was limited. 
Successful transport from the hatching sites off the Tsitsikamma and Knysna coasts to 
the cold ridge was substantial (averages of 50-99%). Retention within the cold ridge was 

increased by current closure scenarios at the base of the cold ridge, eastward currents 
between Mossel Bay and Cape Seal and weak westerly currents on the Central Agulhas 
Bank. Weak to zero offshore flow at the southernmost tip of the cold ridge also increased 

retention as well as preventing offshore advection. Total paralarvae survival was highest 
(17.94-38.06%) during winter (April-July) and for those release sites off the Tsitsikamma 
and Knysna coasts (14.54-30.92%). The WTH applies to the deep spawning grounds 

off the Tsitsikamma and Knysna coasts. These paralarvae can contribute significantly to 

recruitment, particularly during the colder months.

KEYWORDS: deep spawning; individual-based model; paralarvae transport
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O45 - LYSOZYME, ANTIPROTEASE AND PHENOLOXYDASE ACTIVITIES IN 
CUTTLEFISH Sepia officinalis L.

Koueta N.1; Safi G.1; Le Pabic C.1; Serpentini A.1; Lebel J.M.1; Robin J.P.1

1 - University of Caen 

Antimicrobial defence mechanisms have been demonstrated in a variety of invertebrates 
including the European cuttlefish Sepia officinalis L. The aim of this work was to 
investigate three immune enzyme activities, lysozyme, antiprotease and phenoloxydase, 
in cuttlefish organs and to adapt afterwards these enzyme assays to juveniles in their 

early life stages. Different adult cuttlefish organs were collected to analyse the immune 

activities. The digestive system along with the immune and circulating system organs 
were sampled for this study. Results showed that lysozyme and phenoloxydase activities 

were localised in adult organs which plays an important role in immunity, such as the 
white body and blood circulation system, and so these enzymes could be used to study 
juveniles immunity. Antiprotease activity was mainly localized in digestive system organs 
so this enzyme was excluded from the immune system evolution assays made on 
juveniles. Lysozyme and phenoloxydase were then used to investigate juvenile immune 
system evolution. This is the first time that these enzymes were studied in the cuttlefish 

first development stages after hatching to describe the evolution of the immune system 

in this critical phase of early life history of cuttlefish. 

KEYWORDS: Immune assays; Sepia officinalis; juveniles
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O46 - THE SÃO PAULO SHELF (SE BRAZIL) AS A NURSERY GROUND FOR 
Doryteuthis plei PARALARVAE: A LAGRANGIAN PARTICLE-TRACKING 
INDIVIDUAL BASED MODEL APPROACH

Martins RS1; Camargo R2; Lett C3; Gasalla M1 
1 - Fisheries Ecosystems Laboratory, Department of Biological Oceanography, 

Oceanographic Institute, University of São Paulo
2 - Institute of Astronomy, Geophysics and Atmosferic Science, University of São Paulo
3 - UMI IRD 209 UPMC UMMISCO, Centre de Recherche Halieutique Méditerranéenne 
et Tropicale

The São Paulo shelf ranges from ~ 23 to 25°S, comprising nearly 622 km of coastline, 
including sandy beaches, rocky shores, small and large islands, several bays and few 
estuarine systems. The adjacent continental shelf varies between 70–230 Km in width 
and comprises mostly soft bottoms. The region is nested within the so-called South Brazil 
Bight (23–29°S), an area of moderate-to-high biological productivity sustained mostly 
by seasonal bottom intrusions of cold and nutrient rich waters that sustains important 
historical landings of the tropical arrow squid, Doryteuthis plei, from both artisanal and 
industrial fisheries. As in other coleoid cephalopods, the broodstock dies following the 

spawning and the maintenance of the population relies exclusively on the survival of the 
paralarvae, which are very sensitive to oceanographic conditions. As a first step towards 

the understanding of the factors influencing larval survival and transport, the shelf area 

was evaluated in terms of retention/dispersion potential. A Lagrangian particle-tracking 
Individual Based Model (IBM) was set up using outputs from a 3D Princeton Ocean 
Model (POM) hydrodynamic model forced with realistic environmental data obtained 
from July 2009 to July 2011. Neutrally-buoyant particles were released every first day 

of every month in the model, and had a lifespan of 20 days. Simulations showed that 
the retention potential on São Paulo shelf is high for particles released from the bottom 
(the hatching site of D. plei eggs) all over the study area from the coast to the shelf-
break (200 m isobath). Offshore losses (i.e. % particles crossing the 200 m isobath) 
showed a marked seasonality, being highest during winter (June–August) and lowest 
during spring/summer (October–March). As regarding inshore losses, the percentage 
of particles beached was constant all year round and higher than offshore losses, being 
also higher south of 24°S than to the north. Simulations results seem to agree with 
the present knowledge of the reproductive behaviour of the species. Dense groups 
of mature squid concentrate their spawning during spring/summer along the northern 
coast, when offshore losses are negligible and where inshore losses are less than to the 
south, according to our model. Future modelling studies will use longer time series of the 
hydrodynamic model to evaluate inter-annual patterns and correlate those to 
historical landings as a recruitment index.

KEYWORDS: paralarvae; particle-tracking IBM; São Paulo shelf
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O47 - COMPARATIVE MORPHOLOGY OF EARLY STAGES OF OMMASTREPHID 
SQUIDS FROM THE MEDITERRANEAN SEA OBTAINED FROM IN VITRO 
FERTILIZATION

Petroni G 1; Bozzano A 1; Quintana D 2; Campos M 1; Keller S 3; Sánchez P 1; 

Villanueva R 1
1 - Institut de Ciencies del Mar, CSIC
2 - Institute National de la Recherche Agronomique, INRA, UR1067 Nutrition, 
Métabolisme, Aquaculture
3 - Centre Oceanogràfic de Balears, IEO

The study of the early life of ommastrephid squids is a difficult task. Main reasons 

are: 1) the scarcity of species-specific taxonomic characters necessary to identify wild 

rhynchoteuthion paralarvae and, 2) the difficulties to obtain egg masses under laboratory 

conditions. Aiming to determine factors influencing early development and to analyze the 

external morphology of the hatchlings, we used in vitro fertilization techniques to obtain 
embryos and hatchlings of the main ommastrephid species from the Mediterranean 
Sea: Illex coindetii, Todaropsis eblanae and Todarodes sagittatus. A close relationship 
was observed between the incubation temperature, egg size and duration of embryonic 
development. The general chromatophore pattern of the hatchlings was described, 
though some individual variation was noticed. The skin sculpture of the external mantle 
surface resulted to be a potential taxonomic character in fresh hatchling individuals. 
Binocular microscope observations showed a network of cells, mostly hexagonal in 
shape, in the skin of Todaropsis eblanae, absent in Illex coindetii. Scanning electron 
microscope analysis revealed the presence of epidermal lines and hair cells over 
the mantle, head, arms and funnel, as well as dense cilia over the olfactory organ. 
Conspicuous buccal filaments were observed in the mouth area, maybe related to the 

first feeding mode of rhynchoteuthions. Observations of wild ommastrephid paralarvae 

collected from oceanographic cruises from NW Mediterranean Sea were also reported. 

In vitro fertilization techniques used in the laboratory proved to be a useful tool in the 
study of the early life of oceanic squids.

KEYWORDS: embryo; paralarvae; oceanic squid
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O48 - CYCLONIC EDDIES REVEAL OEGOPSIDA SQUID EGG BALLOON MASSES 
IN THE AGULHAS CURRENT, SOUTH AFRICA

Roberts MJ 1; Zemlak T 2; Connell A 3 
1 - OCEANS & COASTS
2 - University of Guelph
3 - South African Institute for Aquatic Biodiversity

In 2005, 2006, 2007 and 2011, distinct Oegopsida squid egg masses were observed by 
scuba divers on the narrow southern KwaZulu-Natal (KZN) shelf in depths of 35–50 m off 
the coastal resorts of Park Rynie, Pumula and Port Edward, South Africa. In 2006, larvae 

in the egg balloons were sampled. DNA barcoding (i.e. cytochrome c oxidase subunit 1 
sequencing) linked the larvae to the genus Lycoteuthis, a group commonly found on the 
continental slope of the Agulhas Bank and the west coast of South Africa. In all cases, 
the sightings were concomitant with low water temperatures of 14–18 °C, indicative of 
shelf edge upwelling. Historical ship-collected CTD data show these cooler waters to 
originate from a depth of 100–180 m on the KZN continental slope. Complementary 
satellite imagery revealed the cooler water and discoveries of the egg balloons to be 
coincident with cold core cyclonic eddies embedded in the shoreward boundary of the 
Agulhas Current. The temperature data suggest that these egg balloons, in the absence 
of cyclonic eddy activity, would normally be found in the current on a density surface at a 
depth of ~130 m where velocities are typically around 100 cm s–1.

KEYWORDS: Lycoteuthidae; egg masses; Agulhas Current
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O49 - PARALARVAL OCTOPODS OF THE FLORIDA CURRENT
 
Roper C.F.E. 1; Vecchione M 2; Gutierrez A 3 
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2 - NMFS Systematics Laboratory

3 - Malacology Lab, IPK 

Taxonomic and ecological aspects are reported for paralarval octopods from the Florida 
Current (Gulf Stream) waters off Ft. Pierce, Florida during a 5 year study. The paralarvae 
were collected, principally during daytime with a 333 um mesh, 1 m plankton net with a 
rigid cod-end bucket, a flow meter and a CTD instrument, which recorded conductivity, 

temperature and depth every 15 seconds. Seasonal samples (winter, spring, summer, 
fall) were taken at standard two-mile intervals from 2 (coastal) to 26 miles off shore (mid-
Florida Current/Gulf Stream) of Ft. Pierce Florida. Discrete-depth sample were collected a 
selected stations near-surface, mid-depth and near-bottom. Although most sampling was 
conducted during daytime, limited day/night comparisons were included. Nine external 
morphological features were analyzed in each specimen, including chromatophore 
patterns and meristic characters. The relative abundance of each species present in 
the collections was determined in relation to seasonal occurrence, depth of capture, 
distance off shore and time of day/night. The most common species in the samples 
was Octopus cf vulgaris, followed by O. burryi and O. defilippi (two morphs). Two forms 
could not be verified to species, but they most closely resemble Scaeurgus unicurrus 
and Octopus joubini. The seasonal distribution of the most commonly captured species 
showed peak relative abundance in the summer months. The paralarval octopods were 
captured most frequently in the standard stations between 18 and 22 miles off shore in 
the mid-stratum of the water column. Most of the species represented in this study were 
captured in higher numbers at night than during the day, with the exception of O. burryi.

KEYWORDS: paralarval octopod; Florida Current; Life History
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O50 - IMPACT OF OCEAN ACIDIFICATION AND WARMING IN THE EARLY 
ONTOGENY OF Loligo vulgaris

Rosa R 1; Pimentel MS 1; Boavida-Portugal J 1; Dionísio G 1; Moreno A 1; Trübenbach K 1 
1 - Laboratório Marítimo da Guia, Centro de Oceanografia, Faculdade de Ciências da 

Universidade de Lisboa 

The knowledge about the capacity of cephalopod early life stages to adapt to long-
term ocean acidification and warming is very limited. Thus, here we provide the most 

comprehensive and integrated view of biological responses to future warming and 
environmental hypercapnia during the early ontogeny of the squid Loligo vulgaris. 
Recently-spawned egg masses were collected and reared until hatching at present day 

(pH 8.0; 13-17ºC) and projected near future (pH 7.6, 19ºC) pH and temperatures values, 
to investigate the ability of early stages to undergo thermal and hypercapnic acclimation, 
namely phenotypic altering of morphological, behavioural, biochemical and physiological 
features. Our findings showed that under the projected near-future conditions, the 

abiotic conditions inside the eggs promoted metabolic suppression, which was followed 
by premature hatching. Concomitantly, the less developed newborns showed greater 
incidence of malformations. However, the greater exposure to environmental stress by 
the hatchlings seemed to be compensated by physiological mechanisms that reduce 
the negative effects on fitness. Thus, the stressful abiotic conditions inside eggs are 

expected to be aggravated under the projected conditions, with deleterious effects on 
embryo survival and growth. Yet, we found some evidence that, in the future, the early 
stages might support higher energy demands by adjusting some cellular functional 
properties to increase their thermal tolerance windows. 

KEYWORDS: Climate change; early life stages; squid



Cephalopod International Advisory Council Symposium 2012
27 Oct - 02 Nov 2012 | Majestic Palace Hotel | Florianópolis, Santa Catarina, Brazil

56

O51 - CUTTLEFISH, Sepia officinalis L., PRE-RECRUITS PHYSIOLOGICAL 
CHARACTERISTICS IN DIFFERENT SPAWNING SITES OF THE ENGLISH CHANNEL

Safi G. 1; Bloor I. 2; Jackson E.L. 2; Gras M. 1; Robin J.P. 1; Koueta N. 1 
1 - University of Caen
2 - Marine Biological Association

The cuttlefish Sepia officinalis L. lays its eggs in coastal waters were the incubation 
conditions affect hatchling weight and length and subsequent growth. The aim of this 
work was to identify the impact of environmental variables of different spawning sites from 
English Channel coasts on egg incubation and on pre-recruit physiological characteristics. 
Abiotic factors (temperature, salinity, dissolved oxygen etc.) and biotic factors (prey 
quality) were investigated to characterize each site and to study their impact on eggs and 
pre-recruits. From 2009 till 2011, lab based experiment and wild sample collections (of 
eggs and pre-recruits) were made from different spawning sites. Eggs from two coastal 
French sites (West and East Cotentin) and two English coastal sites (Torbay and Selsey) 

were reared at the same research station under the same conditions. In the experimental 
approach, growth rate was similar for the four studied sites despite significant differences 

of juvenile weight at hatching. These differences were shown to be related to the 
environmental egg incubation conditions in the sites and to egg quality. In comparison, 
wild pre-recruits collected from West and East Cotentin (French sites) showed a reverse 

growth profile to that obtained in the experimental rearing. Observed differences in 

experimental hatchling growth and wild pre-recruit physiological performances are a 
result of the variables of those two sites. Some of these variables, like temperature and 
salinity, showed a direct impact on eggs incubation and subsequent hatchling growth.  
Assessing early life performance is a step towards the analysis of the quality of eggs 
and juvenile coming from different spawning sites. This study indicates that spawning 
location may have an important impact on juvenile physiological performances and 
that water temperature had an important impact on eggs incubation and on pre-recruits 
physiological characteristics. 

KEYWORDS: spawning sites; Physiological performance; pre-recruits



57

Cephalopod International Advisory Council Symposium 2012
27 Oct - 02 Nov 2012 | Majestic Palace Hotel | Florianópolis, Santa Catarina, Brazil

O52 - CAN Todarodes pacificus PARALARVAE ESCAPE FROM THE HOT SURFACE 
WATER?

Sakurai Y 1; Yoo HK 1; Saitoh T 2; Yamamoto J 2 
1 - Faculty Of Fisheries Sciences, Hokkaido University

2 - Field Science Center for Northern Biosphere, Hokkaido University

Survival of the early life stages is one of the key factors responsible for stock fluctuation 

of Todarodes pacificus. Water temperatures in the southwest Sea of Japan near the 

spawning grounds have been rising, but the effect of this warming on hatchlings is still 
uncertain. Previous studies have shown that the optimal temperature for survival and 
development of eggs and paralarvae is 15-23ºC, while paralarvae can normally swim 
above 19.5 ºC. However it is not clear if paralarvae can avoid the unfavorable warm 
water mass (>24ºC) occurring near surface when they ascend to the surface following 
hatching from the egg masses that presumably occurs in the pycnocline. We examined 

how water temperature affects the swimming behavior of hatchlings in observation 
tank which independently can control the temperatures of upper and bottom layer. 
At upper layer of 25-27ºC and bottom layer of 22 ºC in the tank, the hatchlings which 
were released near the bottom of the tank, were observed to swim upward through the 
thermocline and remained near the surface. Similarly, when temperature of upper layer 
neared 30ºC (bottom layer; 22ºC), few hatchings entered in the upper layer but remained 
near the thermocline. These results suggest that the maximum water temperature at 
which hatchlings can occur is between 27 and 30ºC. When the water temperature in 

the natural environment exceeds 27 ºC, the distribution of hatchlings will presumably 
change, and the survival of hatchlings is probably heavily affected by sea surface water 
between 24-27 ºC.

KEYWORDS: Todarodes pacificus; paralarvae; swimming ability
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Evolution

O53 - SHOOT OUT THE LIGHTS: THE EVOLUTION OF BACTERIAL 
BIOLUMINESCENCE IN LOLIGINIDAE

Anderson FE 1; Bergman A 1; Cheng SH 2; Pankey MS 3; Valinassab T 4 
1 - Department of Zoology, Southern Illinois University
2 - Department of Ecology and Evolutionary Biology, The University of California Los Angeles
3 - Department of Ecology, Evolution and Marine Biology, University of California Santa Barbara
4 - Iranian Fisheries Research Organization

Bioluminescence is a common trait of marine metazoans that has arisen multiple times in 
several phyla. Metazoan bioluminescence is either intrinsic (i.e., generated by the animal 
itself) or bacterial (i.e., generated by bioluminescent bacteria that are housed in special 
organs in the animal’s body) in origin. Within Loliginidae, only bacterial bioluminescence 

is known, and it is only seen in Uroteuthis, a diverse group of commercially important 
species found throughout the Indo-West Pacific. Previous studies have suggested that 

Uroteuthis is closely related to Loliolus, an Indo-West Pacific clade of non-bioluminescent 

species, in the clade Loliolini. Furthermore, these studies provided tantalizing hints 
that Loliolus may actually be phylogenetically nested within Uroteuthis, rendering the 
latter paraphyletic and raising intriguing questions about the evolution of the symbiosis 
squid-bacterial symbiosis in Loliginidae. To illuminate Uroteuthis and Loliolus phylogeny 
and its implications for the evolution of bioluminescence in Loliginidae, we generated 
sequences from regions of two mitochondrial genes from Uroteuthis specimens sampled 
from several sites in the Indian and western Pacific Oceans. These data were combined 

with data from GenBank for other loliginids and analyzed using maximum likelihood and 
Bayesian methods. We then reconstructed the evolution of bacterial bioluminescence 

on the resulting phylogenies, using Bayesian methods to account for phylogenetic 
uncertainty. Our analyses support the hypothesis that Uroteuthis is paraphyletic with 
respect to Loliolus. Furthermore, our ancestral state reconstructions suggest that the 
symbiosis between loliginid squid and bioluminescent bacteria evolved once in the 
ancestor of Loliolini, but was subsequently lost in the ancestor of Loliolus. These findings 

could have profound implications for our understanding of the evolution of symbiotic 
bioluminescence in animals.

KEYWORDS: Loliginidae; bioluminescence; evolution
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O54 - THE CEPHALOPOD SEQUENCING CONSORTIUM (CEPHSEQ) AND A CALL 
FOR NEW CEPHALOPOD MODELS IN FUNCTIONAL GENOMICS AND NEXT-
GENERATION LIFECYCLE IMAGING

Edsinger-Gonzales E 1; Albertin CB 2; Ragsdale CW 2; Rokhsar DS 1 
1 - University of California at Berkeley
2 - University of Chicago

Cephalopods are an ancient group that has long captured the human imagination. They 
are predators found in diverse habitats, often occupying a central position within trophic 
food webs, and are important to commercial fisheries worldwide. Their diverse forms, 

sophisticated systems, and complex behaviors offer unparalleled platforms to explore 
the mechanisms of evolutionary innovation and convergence in animal form and function, 
and have provided for a range of experimental systems, as represented by the squid 
giant axon in physiology. Although genomics will clearly advance all areas of cephalopod 
research, a high-quality assembled genome does not yet exist. To address this 
absence and advance cephalopod genomics, the Cephalopod Sequencing Consortium 
(CephSeq - www.cephseq.com) was recently established at a NESCent Catalysis Group 
Meeting, “Paths to Cephalopod Genomics - Strategies, Choices, Organization”. One 

outcome of this meeting was a white paper highlighting a recommended path forward 
for the cephalopod community. Topics and recommendations of the meeting and white 
paper will be discussed here, and include: (1) status of ongoing sequencing efforts, 

(2) identification of additional species to sequence, including outgroup taxa, such as 

monoplacophorans, (3) recommended sequencing approaches that account for the large 
size and complexity of cephalopod genomes, (4) an innovative data sharing plan that 
will facilitate pre-publication access to sequences and assemblies to advance the field 

rapidly, (5) the acceleration and support of genome-based research across cephalopod 
biology and (6) the dissemination of findings to both scientists and the public. In parallel 

to the situation with genomics, the application of next-generation imaging technologies 
to cephalopod research has only begun. In particular, new research models amenable to 
forward and reverse genetics and to lifecycle imaging using light-sheet microscopy and 
other powerful new imaging techniques will need to be identified and the appropriate 

tools developed. As an example of current efforts, we provide an update of our own 
sequencing work on Octopus bimaculoides and Idiosepius notoides. We also invite the 

cephalopod community to help us and others identify and develop a model species, or 
set of species, for functional studies and next-generation lifecycle imaging, including 
candidates such as Octopus chierchiae and the various Idiosepius species.

KEYWORDS: genomics; light-sheet microscopy; research model
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O55 - NEOTENOUS ORIGIN OF Spirula LAMARCK, 1799? – EVIDENCE FROM A 
MORPHOLOGICAL SERIES OF FOSSILS

Fuchs D 1 
1 - Freie Universität Berlin, Institute of Geological Sciences, Branch Palaeontology

Evolutionary scenarios as well as our phylogenetical system are based on processes 
that happened in the past. Despite its incompleteness, fossils can fortunately provide 
exceptional and direct insights into the origin, evolution and phylogeny of organisms. 
The present contribution exemplifies how extinct taxa can help to understand the 

morphological transformations happened in the Spirula shell. The typogenesis of the 
Spirula shell can be well-reconstructed from a morphological series of fossil spirulids 
starting from the latest Cretaceous through the entire Cenozoic until today. The row 
Cyrtobelus – Belopterina – Spirulirostra – Spirulirostrina – Spirula is characterized 
by a progressive ventral coiling of the shell, i.e. the shells of Eocene Belopterina and 
Spirulirostra are coiled as juveniles (larvae?) and straight as adults. This observation 
already indicates that Spirula obviously retains an early ontogenetical feature through 
its life. The row is additionally typified by a guard-like sheath, whose thickened part is 

shifted from an apical (Cyrtrobelus) to a more dorsal position (Spirulirostra), i.e. increased 
deposition of the sheath begins at very early ontogenetical stages in Cyrtobelus (initial 
chamber) and with a significant delay in Spirulirostra and Spirulirostrina (chambers 5-6). 
In the latter taxa, the onset of thickening the sheath is followed by the stop of coiling. 
It can be concluded from these observations that the delayed secretion of the sheath 
(combined with forming a straight shell) brings the animal from a (pelagic?) head-down 
position into a horizontal (nectobenthic?) swimming position. In Miocene Spirulirostrina, 
the sheath shows evidence of reduction, while in extant Spirula, the sheath is detectable 
only as a thin layer. In the light of functional morphology, it becomes evident that Spirula 
retains the pelagic life-style that was in Cenozoic nectobenthic spirulids restricted to 
early ontogenetical phases. This is a phenomenon commonly called neoteny.

KEYWORDS: Spirula; neoteny; cenozoic spirulids
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O56 - PHYLOGENETIC RELATIONSHIPS AMONG CEPHALOPODS: IMPLICATIONS 
FOR CHARACTER EVOLUTION

Lindgren AR 1; Pankey MS 2; Oakley TH 2

1 - Portland State University
2 - University of California - Santa Barbara

Modern cephalopods inhabit nearly every habitat in the marine environment, making 
them an excellent group in which to test for convergent evolution. However, a high degree 
of morphological variability, coupled with high rates of evolution, has made it difficult 

to establish many higher- and lower-level relationships within Cephalopoda. To better 
address the interplay between phylogeny and character evolution, we have assembled 
previously published data from up to 10 genes for 178 cephalopod taxa to create the most 
comprehensively sampled molecular analysis of cephalopod relationships to date. The 
tree is then used to reconstruct ancestral character states for habitat type and characters 
having both taxonomic and evolutionary implications. The resulting phylogeny finds 

support for many important clades within Octopodiformes and Decapodiformes, while 
the position of Myopsida remains somewhat ambiguous. Of the characters assessed 
for potential convergence, two showed a high degree of statistical support for being 
both convergent and for correlating with a particular habitat type: autogenic photophores 

and corneas. Here, we focus on the cephalopod cornea to better understand how the 
interplay between phylogenetic history, environmental pressure, and gene expression 
influence convergent evolution. Our results are consistent with the hypothesis that the 

cornea evolved independently in the two major extant cephalopod lineages. The ancestral 
benthic decapodiform likely possessed a one-part cornea that was subsequently lost 
with the transition to a more pelagic lifestyle. Within Octopodiformes, the basal pelagic 

groups lack a cornea, and the two pelagic incirrate clades either lack or have reduced 
corneas, further supporting the idea of a close association between cornea and a more 
benthic lifestyle. We then investigate whether similar genes are being expressed across 

different corneal morphologies by pyrosequencing the transcriptomes of corneas from a 
sepiolid, a loliginid, and an octopus to compare patterns of gene expression. Preliminary 
findings indicate that a gene family prominent in cephalopod eyes, the crystallins, is 

also present in corneas. However, corneal crystallins are distinct both from those found 
in lenses and between decapodiforms and octopodiforms, raising interesting questions 
regarding gene evolution in the cornea.

KEYWORDS: phylogeny; morphology; convergence
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Fisheries

O57 - QUANTITATIVE ANALYSIS OF THE BEHAVIOR OF LONGFIN INSHORE SQUID 
(Doryteuthis pealeii) IN REACTION TO A SEPARATING GRID OF A DEMERSAL 
TRAWL

Bayse SM 1; Pol MV 2; Chosid DM 2; Szymanski MJ 2; He P 1 
1 - School for Marine Science and Technology,University of Massachusetts Dartmouth
2 - Massachusetts Division of Marine Fisheries 

Underwater video recording of the behavior of longfin inshore squid (Doryteuthis pealeii, 
formerly Loligo pealeii) in response to a Nordmøre-style finfish bycatch reduction grid, 

installed in the extension of a trawl, was made during experimental fishing in Nantucket 

Sound off Cape Cod, Massachusetts, USA. Swimming and jetting behavior, time in trawl 
extension, position, and orientation of squid were quantified in relation to capture by, or 

escape from, the trawl. Squid actively avoided the grid by jetting and changing directions. 
Few squid became stuck on the grid (4.4%), majority of which eventually entered the 
codend (83.3%). Squid that passed through the grid and were caught in the trawl codend, 
spent less time before the grid, and were less likely to jet or change directions (ρ < 

0.05). Squid that approached the grid head first were more likely to be caught than squid 

that approached the grid mantle first. Other squid positions and orientations relative to 

the grid showed no effect on capture or escape. The potential for taking advantage of 
squid behavior in response to a grid is discussed in relation to improving techniques for 
separating squid from finfish bycatch in the squid trawl fishery.

KEYWORDS: Doryteuthis pealeii; Nordmøre grid; Bycatch reduction
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O58 - A PRELIMINARY INVESTIGATION INTO THE BIOLOGICAL CAPACITY OF 
THE Octopus cf. tetricus POPULATION IN WESTERN AUSTRALIA

Leporati SC 1; Hart AM 1; Franken L 1; de Graaf M 2 
1 - Western Australian Fisheries and Marine Research Laboratories

2 - Institute for Marine Resources and Ecosystem Studies

Western Australia’s developmental Octopus tetricus fishery is going through a period 

of exploration and rapid expansion. In 2010 the primary gear used in the fishery shifted 

from shelter pots to a new trigger trap design, resulting in a 260% increase in catch. 
With >30000 km2 of potential fishing waters yet to be fully explored, information on the 

catchability of the trigger trap and an understanding of the biological capacity of the 
population, is essential for the sustainable development of the fishery. During the first 

year of trigger trap deployment, a compulsory daily catch and effort research logbook 
provided spatially resolved (by GPS), highly detailed catch and effort data, including 
numbers caught and area fished each day. This information was used to determine 

biomass (kg/km2) and density (octopus/km2) of the population. To extrapolate these 
findings across the potential fishing waters and estimate minimum and maximum 

biological capacity levels, the survey data was separated into four depth strata across 
three latitudinal zones and population estimates calculated at different rates of fishing 

efficiency and natural mortality. Long term octopus bycatch data from the rock lobster 

fishery was used in conjunction with the survey data, as an indicator of abundance in 

areas where targeted octopus fishing is yet to occur. This study demonstrates a method 

of investigating the biological capacity of a rapidly developing cephalopod fishery during 

its initial stages using spatially resolved catch and effort data. Preliminary in nature, the 
findings of this study are being used in the phased development of the fishery and will 

be re-visited via more formal stock assessment after the initial expansion phase and the 
biological components of the study are finalised.

KEYWORDS: biological capacity; developing fishery; catchability
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Genetics

O59 - A GENETIC ASSESSMENT OF THE ONYCHOTEUTHIDAE

Bolstad KSR 1; Lindgren A 2 
1 - EOS Research Institute, Auckland University of Technology
2 - Department of Biology, Portland State University

Onychoteuthid squids are found throughout the world’s oceans and are ecologically 
important, being both predators of and prey to a number of commercial species including 
cetaceans and fishes. A recent morphology-based revision of the family’s systematics 

nearly doubled the number of known onychoteuthid species, but no genetic study was 
conducted due to limited fresh material. Recent collection efforts have, however, yielded 

tissue samples from all known genera and most species, allowing a detailed molecular 
analysis of the family to augment the morphological work. Preliminary results, based on 
both COI and 16S mitochondrial sequence data, have yielded several interesting results, 
namely the existence of two main clades within the family: one omprised of all species 

of Kondakovia and Onykia; and the other containing Onychoteuthis, Ancistroteuthis, 
Notonykia and Filippovia, with the latter two closely related. The removal of the species 
F. knipovitchi from Onykia, as suggested by the morphological study, is supported by 
the present results, as is the distinction made between the subgenera Onykia and 
Moroteuthopsis within the genus Onykia. These findings, which help clarify the family‘s 

phylogeny and provide additional insight into its accurate classification, illustrate the 

benefits of using combined molecular and morphological data to resolve the systematics 

of complex cephalopod groups.

KEYWORDS: Genetics; Taxonomy; Onychoteuthidae
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O60 - A MOLECULAR SEARCH FOR THE GIANT SQUID

Winkelmann I 1; Strugnell JM 2; Gilbert MTP 1

1 - Centre for GeoGenetics, Copenhagen University
2 - Department of Genetics, La Trobe Institute for Molecular Science, La Trobe University

Despite its charismatic appeal to both scientists and the general public, remarkably little is 
known about the giant squid Architeuthis, one of the largest of the invertebrates. Although 
specimens of Architeuthis are becoming more readily available owing to the advancement 
of deep-sea fishing techniques, considerable controversy exists with regards to topics 

as varied as their taxonomy, biology, and even behaviour. In this study, we have used 
second-generation sequencing techniques to characterise the mitochondrial genome 
(mitogenome) diversity of 43 Architeuthis samples collected from across their known 
range, in order to use genetic information to shed new and otherwise difficult to obtain 

insights into the life of this animal. The results show no detectable phylogenetic structure 
on the mitochondrial level, and furthermore, that the level of nucleotide diversity is 
exceptionally low. This observation is consistent with the hypothesis that globally there is 
only one species of giant squid, Architeuthis dux Steenstrup, 1857, and furthermore, that 
it is highly vagile, possibly dispersing through a drifting paralarval stage. Demographic 
history analyses of the data indicate that there has been a recent population expansion, 
or possibly a selective sweep, which may explain the low level of genetic diversity. These 
findings provide a base upon which future nuclear genome-based studies can develop, 

in order to both refine these findings, and provide yet further insights.

KEYWORDS: Architeuthis dux; Next-generation sequencing; Phylogeography
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O61 - GENOME SEQUENCE OF THE PYGMY SQUID AND THE EVOLUTION OF 
GIANT BRAIN OF CEPHALOPODS

Yoshida MA 1; Gojobori T 1; Ogura A 2 
1 - Center for Information Biology, National Institute of Genetics
2 - Ochadai Academic production, Ochanomizu University

Full genome sequence and complete gene set of an organism provide essential cues to 
study broad ranges of biological questions. Full genome sequence of the cephalopods, 
however, has not been completed so far, as genomes of the cephalpods are large 
(3-5Gb) with many repetitive elements and complex with many choromosomes (#40-
100). To overcome these difficulties, we utilize the Japanese pygmy squid, Idiosepius 
paradoxus, that has the smallest genome (2.2G bases) in the cephalopods and applied 
next generation sequencing technique and de novo assembly. In addition to the full 
genome of the pygmy squid, we also determined complete gene set of the pygmy squid 
by gene model estimation utilizing the full genome as well as RNAseq from 5 tissues and 

5 developmental stages, which is a method to obtain massively parallel sequencing of 
mRNA using next generation sequencer. To identify genes involved in development of 

complex neural circuits of the squid brain, we categorized genes specifically found in the 

late embryonic stages and in the brain using the above RNAseq data set. Consequently, 

we found 1040 genes up-regulated in the squid brain including protocadherins, which 
are known to be involved in synaps formation and survival. The genome and RNAseq 

of the pygmy squid will give us foundamental platform to study not only development 
biology but also ecology and fishery science.

KEYWORDS: Genome; giant brain; Idiosepius paradoxus
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Management, stock assessment and conservation

O62 - POPULATION STOCK IDENTIFICATION OF Dosidicus gigas USING LA-ICP-
MS FOR STATOLITH TRACE ELEMENTAL FINGERPRINTING

Arbuckle, NSM 1; Wormuth, JH 1 
1 - Texas A&M University

Range expansion events of the Humboldt squid reveal our inadequate understanding of 

populations of this species. Despite recent hatching, reproductive, tagging, genetic and 
dietary studies of Dosidicus gigas, much speculation remains concerning geographic 
migration, stock assessment and habitat preferences. This study provides evidence that 
statolith trace elemental variations can be useful in distinguishing among geographic 
populations. Specimens were collected from the Galapagos Islands, southern California, 
and Washington State. By using laser ablation methods, discrete measurements of 10 

elements were collected at 6 to 7 ablation sites covering embryonic, paralarval, juvenile 
and adult stages. Analysis of variance revealed important ontogenic elemental variations 
among ablation locations. Multivariate analysis of variance, ordination techniques and 
discriminant function analysis with permutation testing were all utilized to compare and 
characterize the variations found in elemental concentrations. Significant ontogenic 

variations were found for 8 out of the 10 focus elements. The geographic populations 
were effectively classified as distinct groups. Elemental fingerprint signatures were found 

to be significantly different at multiple ontogenic growth regions of the statolith. Seattle 

and California paralarvae exhibited similar elemental signatures despite significant 

differences in those found in the embryonic core and juvenile regions of the statolith. 
These methods are a useful tool in providing stock assessment and can be improved for 
use in future population dynamics models.

KEYWORDS: LA-ICP-MS; Dosidicus; population
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O63 - ANALYSIS OF SPATIAL AND TEMPORAL POPULATION STRUCTURE 
OF ARROW SQUID (Nototodarus gouldi) USING STATOLITH ELEMENTAL 
COMPOSITION AND SHAPE

Green CP 1; Moltschaniwskyj NA 2; Robertson SG 3; Hamer P 1; Virtue P 4; 
Jackson GD 5 
1 - Fisheries Victoria

2 - University of Newcastle
3 - Fish Ageing Services

4 - University of Tasmania
5 - Weimar College

Arrow squid, Nototodarus gouldi, are managed as a single population in Australia; 
however, it is unknown whether N. gouldi caught in Victoria and the Great Australian 

Bight are from separate stocks. This study examines whether N. gouldi caught in these 
two spatially separated locations of southern Australia are different stocks. Fourier shape 
analysis of statoliths was used to determine whether discrete phenotypic stocks exist; 
whereas statolith element concentrations were used to determine where individuals 
from both locations are likely to have hatched. Comparing statolith shape from squid 
collected in Victoria to squid collected in the Great Australian Bight suggested significant 

phenotypic heterogeneity in stocks; whereas statolith elemental composition analysis 
suggests that N. gouldi caught at either location hatched throughout their distribution. 
Although N. gouldi caught in the Great Australia Bight and Victoria appeared to be 

separate stocks, squid from both regions are important for recruitment.

KEYWORDS: stock discrimination; statolith shape; element composition
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O64 - CHANGES IN SPAWNING PRODUCTION AND POPULATION SIZE IN 
Sepioteuthis australis: TRACKING A DECADAL LONG DECLINE AT MULTIPLE 
TIME SCALES

Moltschaniwskyj NA 1; Fischer AM 2; Hartmann K 3; Lyle JM 3; Pecl GT 3; Tracey S 3 
1 - School of Environmental & Life Science, University of Newcastle
2 - National Centre for Marine Conservation & Resource Sustainability, University of Tasmania
3 - Institute for Marine & Antarctic Studies, University of Tasmania

Identifying the relevant scale to describe changes in cephalopod population ecology such 
that the patterns, rather than the noise, can be identified is challenging. Nevertheless, 

this is essential as it allows us to identify processes responsible for observed patterns 
and for generating predictive models useful for sustainable management. The aim of this 
study was to use a 12 year dataset of temporal patterns of egg production and population 
characteristics of southern calamary (Sepioteuthis australis) in a major spawning area 
in Tasmania to identify systematic changes in weekly, monthly and inter-annual patterns 
of egg production as a function of a suite of environmental and biological parameters. 
Greatest egg production occurred from late October to end of December, during the 
austral spring, and was consistent across the 12 years. Statistical models (boosted 
regression trees) identified a dramatic increase in egg production during week 43 (late 

October), rather than an expected gradual increase in egg production given the gradual 
increase in biomass on the spawning grounds. The extent of egg production increase 
during late October was a function of sea surface temperature (SST); greatest spawning 
activity occurred when SST was <14.5ºC from late-October. On the scale of weeks and 

months biological characteristics of the population on the spawning grounds at the time 
eggs were being deposited, ie sex ratio, average body size, and gono-somatic index, 
did not explain variability in egg production. Therefore, biomass of southern calamary on 
the seagrass beds in any particular week or month could not be used to predictor egg 
production, or vice versa. Across the 12 years total egg production in 2010 had declined 
to a quarter of the egg production observed in 1999, while total biomass (estimated using 
CPUE) in 2010 was approximately a third of the biomass observed in 1999. Changes 
in annual egg production could be explained by annual biomass; annual egg production 
changed at a rate of 3% as CPUE (kg/day) changed across the 12 years. The potential 
application of these statistical models is to identify the degree to which aggregative 
spawning behaviour in cephalopods is temporally fixed ie increased egg production in 

week 43, and how environmental and biological variables may either affect when egg 
deposition occurs, or explain the amount of spawning occurring during the period of peak 
egg deposition.

KEYWORDS: aggregative spawning; environment; reproduction
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O65 - A BIOMASS MODEL APPLIED TO THE ENGLISH CHANNEL CUTTLEFISH 
STOCK TO DISENTANGLE FISHING PRESSURE AND RECRUITMENT VARIABILITY

Roel BA 1; Coppin 2; Foucher E 2; Robin JP 3; Gras M 4 
1 - CEFAS

2 - Ifremer
3 - FRE3484 BioMEA - CNRS INEE -Biologie des Mollusques marins et des 

Ecosystèmes Associés, IBFA- Université de Caen Basse-Normandie

4 - FRE3484 BioMEA - CNRS INEE -Biologie des Mollusques marins et des 

Ecosystèmes Associés, IBFA- Université de Caen

The English Channel cuttlefish stock (Sepia officinalis) is one of the most important 
cephalopod stocks exploited in the Northeast Atlantic. It is a shared resource fished 

mostly by French and UK fishermen. Previous stock assessment exercises were 

carried out in this stock using depletion methods or VPA adapted on a monthly scale. 

Unfortunately, these methods use either assumptions that are difficult to meet, or that 

are data demanding and time-consuming. The two-stage biomass model which has 
already been successfully used to assess short lifespan species such as Chokka squid 
(Loligo vulgaris reynaudii) or Irish Sea Herring was applied to the English Channel 
cuttlefish stock which shows a two year lifespan and which is mostly exploited during its 

second year of life. Abundance indices were calculated using two bottom trawl surveys 
of the eastern part of the English Channel: a July cruise by CEFAS and an October 

cruise by Ifremer. Abundance in other months is derived from commercial bottom 
trawlers Landings Per Unit Effort (LPUE) corrected with a delta-GLM method which is 
a combination of a binomial error model and a log-normal error model. The model fits 

well the observed abundance indices and results highlight a stable or increasing trend 
of the resource from 1992 to 2004 followed by a decreasing trend in the period 2004-
2008. Biomass estimates indicate that the resource can recover very quickly after a low 
recruitment. The model enables the estimation of exploitation rate, an indicator which 
does not reveal marked over-exploitation, but rather underlines inter-annual recruitment 
related variability. This modelling approach has potential for routine monitoring of fishing 

pressure in this important shared resource.

KEYWORDS: Sepia officinalis; Stock assessment; Two stage biomass model
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Migration & movement

O66 - INVESTIGATING THE MOVEMENT, BEHAVIOR AND HABITAT USE OF Sepia 
officinalis ON INSHORE JUVENILE AND SPAWNING GROUNDS IN THE ENGLISH 
CHANNEL

Bloor I 1,2; Wearmouth V.J. 1; McHugh M 1; Cotterell S 1; Jackson EL 1; Attrill M 2; 
Sims DW 1  
1 - The Marine Biological Association of the United Kingdom
2 - Marine Institute, University of Plymouth 

The common cuttlefish Sepia officinalis is an important commercial species in the English 
Channel (14000 t landed in 2007). Despite a wealth of literature on the biology of this 
species, there have been few studies documenting the behaviour and movement of free 
ranging individuals within their natural environment. The increasing miniaturisation of 
electronic tags, combined with new methods for their attachment, now enables electronic 
tracking methods to be employed. In this study we describe the first reported use of 

electronic tags attached to free-ranging adult and sub-adult S. officinalis. Eight adults 
(170-205 mm dorsal mantle length, DML) were fitted with V9 continuous acoustic tags 

and ten sub-adults (132-180 mm DML) were fitted with V9 coded acoustic tags. All 

tags were attached to the internal cuttlebone of the living animal whilst anaesthetised. 
Laboratory observations showed no behavioural change in tagged individuals. Adult 
cuttlefish exhibited patterns of either short-term site fidelity at a local level (2 individuals), 

or larger scale movements along the coastline (3 individuals), suggesting that a complex 
range of behaviours and movements patterns may exist among spawning adults. 
Furthermore, similar patterns were observed in tagged sub-adults with 3 individuals 
observed to remain in the study area for multiple days (≥ 73 days) whilst the remaining 

6 individuals appeared to have left the immediate vicinity of the study area rapidly and 
without return. The capacity to monitor the in situ movements and behaviour of both 
spawning and sub-adult cuttlefish in their natural environment will enable the range of 

patterns and movements within natural populations to be identified and understood, 

helping aid knowledge for improved management and conservation of this fishery into 

the future.

KEYWORDS: Sepia officinalis; Site fidelity; Spawning
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O67 - SPATIAL STRUCTURE OF THE METAPOPULATION OF CHOKKA SQUID 
Loligo reynaudi D’ORB., 1848 IN SOUTHERN AFRICAN WATERS

Lipinski MR 1; Sauer WHH 1; Shaw P 2; Van der Vyver, JSF 1; Stonier, TA 1; Yemane D 3  
1 - Department of Ichthyology and Fisheries Science, Rhodes University

2 - Population Genetics & Genomics, Institute of Biological, Environmental and Rural Sciences
3 - Department of Environmental Affairs - Foretrust House

The life cycle of Loligo reynaudi is in dispute. The published and accepted view is that 
this species spawns along the east coast of South Africa (between Plettenberg Bay 
and Port Alfred), with the paralarvae drifting westward as they grow and juveniles & 

young adults feed on the Agulhas Bank. They then return to their original spawning 
grounds and the cycle repeats itself. Minor spawning grounds occur inshore westward of 
Plettenberg Bay and deepwater spawning has been considered marginal. An eastward 
(spawning) migration was considered as a replenishment of the eastern fishing grounds. 

Management of the fishery however, is currently undertaken on the assumption that 

eastern part of the resource is a “black box”, with no input or output from elsewhere. 

Results of DNA microsatellite and morphometric research done along the distribution 

range of the species (presented in this study) have resulted in new data. Significant 

differences were found between Angolan samples, samples collected on the greater 
Agulhas Bank, samples collected on the east coast (spawning grounds) and the eastward 
end of their range. The significance of the differences increased along the spatial range 

(distance-related). As a result of this, a new (more fragmented and area-related) life 
cycle for the species is proposed.

KEYWORDS: cycle; species; samples
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Reproductive biology

O68 - DISTRIBUTION AND SIGNS OF BIOLOGY OF THE WARTY BOBTAIL SQUID 
Rossia palpebrosa IN THE BARENTS SEA AND ADJACENT WATERS

Golikov AV 1; Sabirov RM 1; Morov AR 1; Lubin PA 2; Jørgensen LL 3 
1 - Department of Invertebrate Zoology, Kazan Federal University

2 - Laboratory of Coastal Fisheries, Polar Research Institute of Marine Fisheries and 

Oceanography
3 - Ecosystem Processes Research Group, Institute of Marine Research

The warty bobtail squid Rossia palpebrosa Owen, 1834 is an arctic-boreal species with 
two ecological morphs, different from each other by the presence/absence of papillae on 
the dorsal region of mantle and head (Morov et al., 2011). Its biology was insufficiently 

studied (Mercer, 1968; Nesis, 1987). During 2004-12, on research cruises of the Polar 
Institute (PINRO, Russia) and the Institute of Marine Researches (IMR, Norway) in 

the Barents Sea and adjacent waters (68.5º - 82ºN, 5.5º - 78ºE), 216 males (ML 0.6 – 
4.9 cm, maturity stages I–VI) and 229 females (ML 1.1 – 5.8 cm, I–V2) were captured 

and studied. R. palpebrosa is the most numerous benthic cephalopod in the Arctic, 
its abundance reaching 1000 specimens/km2 on the eastern shelf of the Spitsbergen 
Archipelago. In August-September, the ratio of mature (V2-V3) males (ML 2.2 – 4.9, 

on average 3.2±0.2 cm) to females (2.6 – 5.8, 4.3±0.2 cm) is 2.5:1. The percentage of 

maturing females (IV-V1) was 25%, so the ratio of mature males to females available for 

mating reached 1:1. In mature males, 11 - 62 (32±2.3) spermatophores (S) of 8.9 – 19.6 

mm (34.6 – 42.8% ML) length were found: it is the second-largest S in Sepiolidae, only 

surpassed by Semirossia patagonica (Onsoy et al., 2008). In maturing males, up to 6 
tentative S of up to 9 mm length can be found. S length increases by 10 - 12% during 
ontogenesis. The morphology and histology of the hectocotylus was described. Atypical 
hectocotylus forms corresponded to 4.3% of the sample, and were characterized by 
being unmodified, or reduced in length by 2-3 times or asymmetric. In the lateral trench 

of hectocotylus, where S are kept, simple exocrine tubular-alveolar glands were found. In 
females, 2 - 17 (on average, 7±1.1) spermatangia were implanted chiefly ventrally to the 

left eye or rarely to adjacent areas. Fecundity in mature females is 120-267 (179±11.35) 
oocytes, which is the lowest among Rossiinae (Hoving et al., 2008; 

Laptikhovsky et al., 2008). Ovary maturation is of the pulsative type, with 
synchronization of some oocytes batches. Spawning is continuous, and 
fecundity of each egg batch is 20 - 40. On average, 22.93±3.55% 



Cephalopod International Advisory Council Symposium 2012
27 Oct - 02 Nov 2012 | Majestic Palace Hotel | Florianópolis, Santa Catarina, Brazil

74

oocytes undergo regulatory resorption. Statolith length is 0.913 – 1.280 (1.053±0.018) 
mm; they were divided in 3 significantly different types. The morphology of the 

reproductive system, beak, radula and statoliths were quite similar in both mentioned 
ecological morphs. However, various metric indexes of the reproductive system indicate 
the presence of probably a few spawning groupings around the investigated area.

KEYWORDS: Rossia palpebrosa; reproductive biology; morphological features
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O69 - FECUNDITY AND SPAWNING STYLE OF OCTOPODS FROM THE FALKLAND 
ISLANDS AND SOUTH ORKNEY ISLANDS AS SHOWN BY THE STUDY OF SPENT 
FEMALES

Laptikhovsky V 1

1 - Falkland Islands Government Fisheries Department

Ovaries of spent females of Graneledone yamana (1), Adelieledone polymorpha (1) 
and Muusoctopus longibrachus (3) were investigated in the laboratory, and number and 
length distributions of residual eggs and post-ovulatory follicles (POF) were compared to 
potential fecundity of similar sized mature females. Number of residual mature yolk eggs 
varied between 0 and 8 (mean 2) per individual. No smaller maturing oocyte were found. 
Number of POF was similar to potential fecundity of the similar-sized mature specimens. 
All POF were similar in size and revealed unimodal length-frequency distribution. 
This indicates that eggs were released over a short period of time as a single batch. 
Oocytes of large-egged octopods normally grow at maturation as a single portion, where 
number is restricted by body capacity. “Excessive fecundity”, before being subjected 

to regulative atresia, remains in the ovary for a while resulting in bimodal or even 
polymodal distribution of oocytes. This may make a false impression of multiple batches 
and intermittent spawning. However, some individuals may release eggs in two discrete 
batches, as was shown previously in Sasakiopus and Adelieledone (Laptikhovsky, 1999; 
Barratt et al., 2008). The second batch possibly might be recruited from the “excessive 

fecundity” during improved feeding condition and increasing growth rates.

KEYWORDS: Graneledone; Adelieledone; Muusoctopus
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O70 - THE EVAGINATING SPINY-TUBE PERFORATING MECHANISM: A 
THEORETICAL MODEL TO EXPLAIN SPERMATOPHORE IMPLANTATION IN 
CEPHALOPODS

Marian JEAR 1 
1 - Instituto de Biociências, Universidade de São Paulo

Male coleoid cephalopods produce spermatophores that can attach autonomously on 
the female’s body during a complex process of evagination called the ‘spermatophoric 
reaction’, during which the ejaculatory apparatus and spiral filament of the spermatophore 

are everted and exposed to the external milieu. In some deepwater cephalopods, 
like the giant squid Architeuthis, the reaction leads to the intradermal implantation of 
the spermatophore, a hitherto enigmatic phenomenon. Some hypotheses have been 
formulated to explain this phenomenon (e.g., hydraulic pump by the ‘penis’; cuts by 
hooks, suckers or beaks; or histolytic substances), although none have gained wide 
acceptance, partly as a result of insufficient evidence. The present study builds upon 

several lines of evidence to propose that spermatophore implantation is probably 
achieved through the combination of (1) an ‘evaginating-tube’ mechanism performed by 
the everting ejaculatory apparatus and (2) the anchorage provided by the spiral filament’s 

stellate particles. The ejaculatory apparatus is an invaginated tube in the oral region of 
the spermatophore composed of a tunic and a series of membranes encompassing the 
spiral filament. The spiral filament is present in almost all decapodiforms, from strongly 

developed to fine and tightly coiled spiral filaments. Numerous minute stellate particles 

are embedded in the spiral filament matrix; these particles have already been recorded 

in representatives of major decapodiform groups, suggesting that they are common in 
all decapodiforms. The proposed theoretical model assumes that, as it is exposed to 
the external milieu, each whorl of the spiral filament anchors to the surrounding tissue 

by means of its sharp stellate particles. As the ejaculatory apparatus tip continues 
evaginating, it grows in diameter and stretches lengthwise, enlarging the diameter of the 
whorl and propelling it, consequently tearing and pushing the anchored tissue outward 
and backward, and opening space for the next whorl to attach. After the ejaculatory 
apparatus has been everted and has perforated tissue, the cement body is extruded, 
possibly aiding in final attachment, and the sperm mass comes to lie inside the female 

tissue, encompassed by the everted ejaculatory apparatus tube. It is proposed that this 
unique, efficient spermatophore attachment mechanism possibly evolved in intimate 

relationship with the adoption of an active mode of life by coleoids.

KEYWORDS: Reproduction; Spermatophore; Spermatangia implantation
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O71 - THE ONTOGENETIC PERIODIZATION OF SPERMATOPHOROGENESIS IN 
COLEOID CEPHALOPODS

Nigmatullin ChM 1; Sabirov RM 2 
1 - Atlantic Research Institute Of Fisheries and Oceanography

2 - Department of Invertebrate Zoology, Kazan Federal University

To study the ontogenetic process of spermatophore formation (SPF), we investigated 
45 species of oegopsid and myopsid squids, sepiids, sepiolids and incirrate octopods 
(except cirrate octopods and octopods of the superfamily Argonautoidea) using a 
specially developed methodological approach. The ontogenetic line from juvenile to spent 
state was studied as far as possible for each species. Morphological, morphometric and 
histological criteria were used for ontogenetic SPF periodization. Three main functionally 
different stages of SPF.1 stage: from the early immature to the end of male maturation 

periods the tentative or preparatory stage of SPF was observed and comprised the 
formation of spermatophore-like products with gradual complication of their structures, 
from simple tubes without inner contents to false spermatophores (SP). False SPs are 
similar to proper SPs, but lack or have very low sperm contents. These tentative SPs are 
not stored in the Needham sac, but are discarded through the penis. The sense of tentative 
SPF is to adjust the spermatophoric complex of organs (SCO) for optimal working regime 
before the sperm start to enter the SCO; for coleoids, this is a heterochrony related to 
the complication of their SP and SCO structure, and an increase in the cost of producing 
spermatozoa. Stage 2: after testis maturation and full-flowing sperm start entering the 

SCO, the normal or ergonomic SPF (with formation of proper SP that are accumulated 
and stored in the Needham’s sac before next copulation) starts. Our results revealed 
that, in different coleoid groups, during this stage SP size may be either quasi-stable or 
significantly increased due to peculiarities of male somatic growth and SCO allometric 

growth in relation to ML. The allometric growth of the part IV of the spermatophoric 

glands has the most significance, because in this gland forming SPs attain their definitive 

size. Stage 3: at the end of male’s life, from the beginning of testis degeneration to the 

gradual decrease of the rate of functioning of the reproductive system, the residual SPF 
starts, with formation of smaller SPs that present sperm reservoirs of reduced size and 
with low sperm density. Residual SPs are similar to false SPs in their size, structure and 

sperm concentration. Soon, the male come to the spent condition, in which the SCO and 
especially the testis are degenerated, and some residual SP are present in the Needham 
sac; this stage is followed by the death of the male.

KEYWORDS: coleoid cephalopods; spermatophore formation; ontogenesis
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O72 - REPRODUCTIVE ACTIVITY OF THE TROPICAL ARROW SQUID Doryteuthis 
plei AROUND SÃO SEBASTIÃO ISLAND (SE BRAZIL) BASED ON A 10YR 
FISHERIES MONITORING

Postuma FA 1; Gasalla MA 1

1 - Fisheries Ecosystems Laboratory, Department of Biological Oceanography, 

Oceanographic Institute, University of São Paulo

Monthly samples from the small-scale squid hand-jigging fishery around São Sebastião 

Island (SSI) (24ºS) during the period November 2002-May 2012 were analyzed in terms 
of population structure and reproductive cycle. Doryteuthis plei mean mantle length (ML) 
for females (n=1390) was 140 mm ranging between 39–221 mm, while males (n=1278) 
were larger (170 mm mean ML; range30–390 mm). The gonado-somatic index (IGS) 
in females indicate that ovary weight (OW) and accessory glands weight (nidamental + 

oviducal glands; AGW) together account for a maximum 39.66 % of the body weight. In 

males, the testis plus spermatophoric sac (SS) accounted for up to 16.6 % of body weight. 
A Generalized Additive Model for Location Scale and Shape (GAMLSS) was applied to 
analyze the correlations between body measurements and reproductive structures with 
the spatial (i.e. area and depth) and temporal (months and years) factors of the fisheries. 

The best GAMLSS fit for females with OW as the response variable showed significant 

correlation (p<0,001) with AGW , the major explanatory variable. A partial plot of such 

model showed a positive relationship between OW and mantle length from 96 mm ML 

onward peaking at 130 mm, indicating females average size at first maturity. The best fit 

for the males, contained the TW as response variable showing high positive correlation 

with the SS weight. The partial plot clearly showed a positive correlation between TW 

and ML from 146 mm ML onward peaking at 176 mm ML and a negative correlation 
for ML sizes ≥ 201 mm. The statistical models indicate that reproductive activity for 

both males and females peaks between February and March, and allowed to identify 
more precisely the peak of maturity for this species. In addition, GAMLSS partial plots 
show that mature squid concentrate in depths of 18–25 meters and in the north and 
northeast areas of the São Sebastião Island. The concentration of mature squid during 
the summer around the island seems to also reflect the behavior of artisanal squid fleet. 

The temporal-spatial pattern of fishing activity associated with the life cycle of squid D. 
plei is crucial for data interpretation, and may assist in the development of management 
measures for the sustainable use of the squid stock which is of great value for the local 
fishing communities.

KEYWORDS: Generalized Additive Model Location Scale and Shape 

(GAMLSS); reproductive structures; life cycle
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O73 - GROWTH, MATURATION AND METABOLISM OF REARED Metasepia tullbergi

Umezu Y 1; Tsuchiya K 1; Segawa S 1 
1 - Tokyo University of Marine Science of Technology

Metasepia tullbergi is a small cuttlefish which inhabits the continental shelf of the western 

Pacific and migrates to shallow waters for spawning. In the present study, rearing 

experiments were carried out to reveal the process of growth and maturation, and the 
metabolism of M. tullbergi. Metasepia tullbergi were captured in Kagoshima Bay and 
cultured from embryos for several generations in the laboratory. To clarify the growth of 
M. tullbergi, cuttlefish were reared from embryos at 25±1°C, and the ML and BW were 

measured from 30 to 145 days after hatching. Gonad maturation was analyzed based 
on the observation of the gonad condition and measurement of the gonad weight of fixed 

specimens. Oxygen consumption rate (R in μlO2/indiv./h) and ammonia excretion rate 

(E in μg-atm NH4+-N/indiv./h) were measured at 25±1°C for M. tullbergi of 12.6–47.6 
mm in ML with the water bottle method. Dissolved oxygen and ammonia nitrogen were 
determined by the Winkler’s titration method and the colorimetric indophenols method, 

respectively. Hatchlings (4.8–5.2 mm in ML) of male and female grew to 40–46.4 mm ML 
and 44.8–48.3 mm ML at 149 days after hatching and female were significantly larger 

than males (P<0.05). ML, BW and gonad-somatic index (GSI) of mature males were 

36.3–47.2 mm, 13.7–26.5 g and 1.8–7.7, respectively. Those of the matured females 
were 38.2–55.5 mm, 17.0–38.2 g and 16.5–42.0 in GSI. L50 the ML at 50% maturity in 
males and females were 35.8 and 41.0 mm, respectively. The biological minimum size in 
ML based on the GSI was 36 in males and 38 mm in females. Weight specific R of mature 

individuals was significantly lower than that of immature ones in both males and females 

(P<0.05). Weight specific E decreased with growth and that of mature individuals was 

lower than immature ones. Considering the metabolic substrate based on the O/N ratio, 
immature individuals relatively depended on proteins and matured one used about the 
same amount of proteins and lipids.

KEYWORDS: Metasepia tullbergi; growth; maturation
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Taxonomy, biogeography and biodiversity

O74 - ALLOPATRIC SPECIATION WITHIN A CRYPTIC AUSTRALASIAN OCTOPOD 
SPECIES COMPLEX

Amor, M 1; Norman MD 2; Cameron H 3; Strugnell JM 4 
1 - La Trobe University & Museum Victoria, AUSTRALIA
2 - Museum Victoria
3 - Deakin University
4 - La Trobe Universty

Taxonomy within the family Octopodidae continues to be a source of considerable 
confusion and controversy, despite extensive revisions in recent decades. Subtropical 
Australasia is home to a species complex of cryptic benthic shallow-water octopods of 
unresolved taxonomy; the ‘tetricus complex’. This complex comprises eastern Australian 
Octopus tetricus, Octopus cf. tetricus; a disjunct and speculated sub- or distinct species 
occurring in Western Australia, and the New Zealand Octopus gibbsi; a suggested 
synonym of Australian forms. The present study aimed to resolve the taxonomic status 
of the tetricus complex via a combination of molecular and morphological techniques. 
Phylogenetic investigations employed molecular sequences from five mitochondrial (12S 

rRNA, 16S rRNA, COI, COIII and COB), and a single nuclear gene(s) (rhodopsin). The 

present study showed congruence between phylogenetic inference, DNA ‘barcoding’ 
and morphological investigations; distinguishing eastern O. tetricus as a distinct species 
from western O. cf. tetricus, requiring future formal taxonomic description. Phylogenetic 
and phylogeographic analyses showed O. gibbsi to be synonymous with east Australia’s 
O. tetricus, proving O. gibbsi as an invalid species. In addition, broad phylogenetic 
relationships of the tetricus complex with the closely related common octopus, O. 
vulgaris, found tetricus complex taxa to form a monophyletic clade with Japanese O. 
vulgaris, suggesting these taxa shared a common ancestor. Representatives of O. 
vulgaris specimens from other geographic locations formed another distinct monophyletic 
clade, suggesting O. vulgaris is paraphyletic. The present study therefore calls for further 
investigation into the taxonomy and systematics of O. vulgaris, the most studied and 
economically important cephalopod world-wide.

KEYWORDS: phylogeography; phylogenetic; taxonomy
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O75 - ECOLOGY AND SYSTEMATICS OF WHIP-LASH SQUID (CEPHALOPODA: 
MASTIGOTEUTHIDAE) FOUND IN NEW ZEALAND WATERS

Braid HE 1; Bolstad K 1 
1 - Earth & Oceanic Sciences Research Institute, Auckland University of Technology
 
Mastigoteuthids are bathypelagic and some species have circumglobal distributions. 
They are prey to commercially important fish species such as orange roughy and hoki. 

Based on decreasing bycatch incidence in commercial fishing nets, one species appears 

to be nationally endangered within New Zealand waters. Unfortunately, the threat 
classification of other species around New Zealand is unknown because they have either 

not been identified or described; mastigoteuthid taxonomy is notoriously controversial, 

with many species descriptions based on single, badly damaged specimens. In addition, 
specimens frequently lose their skin and tentacles (heavily relied on by previous 
authors for identification) upon capture. An integrative taxonomic approach has been 

attempted for New Zealand material in order to clarify the local representatives of this 
family. Additional morphological characters to aid in identification have been sought, and 

suggest a preliminary distinction between the genera Mastigoteuthis and Idioteuthis. 
Though only three species of mastigoteuthid squid had previously been reported in New 
Zealand, six known species have presently been identified: I. cordiformis, I. hjorti, I. 
magna, M. dentata, M. famelica, and M. psychrophila. Additional, possibly new species 
also occur locally. Morphological study will be augmented by molecular analysis; 
several methods have been trialled for extracting DNA sequences from formalin-fixed 

tissue from museum specimens and limited frozen material. In particular, the nationally 
endangered species I. cordiformis has been DNA barcoded for the first time. In addition, 

some ecological information for this species has been collected from stomach contents.

KEYWORDS: Mastigoteuthidae; Taxonomy; New Zealand
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O76 - PHYLOGENETIC RELATIONSHIPS WITHIN THE Sepioteuthis cf. lessoniana 
COMPLEX IN THE INDIAN AND INDO-PACIFIC OCEANS USING MITOCHONDRIAL 
AND NUCLEAR DATA

Cheng SH 1; Anderson FE 2; Bergman A 2; Mahardika GN 3; Muchlisin ZA 4; Thuy DB 5; 
Calumpong HP 6; Mohamed KS 7; Sasikumar G 7; Venkatesan V 7; Barber PH 1

1 - University Of California - Los Angelels
2 - Southern Illinois University-Carbondale
3 - Universitas Udayana
4 - Universitas Syiah Kuala
5 - Institute of Biotechnology and the Environment, Nha Trang University
6 - Institute of the Environment and Marine Science, Silliman University
7 - Central Marine Fisheries Research Institute

The big fin reef squid, Sepioteuthis cf. lessoniana (Lesson 1930) is an important 
commodity species within artisanal and near-shore fisheries in the Indian and Indo-

Pacific regions. While there has been substantial biological, behavioral, morphological 

and genetic evidence that supports the existence of a species complex within S. cf. 
lessoniana, these studies have been mostly restricted to the Japanese archipelago. 
To clarify the extent of cryptic diversity within S. cf. lessoniana, this study examines 
phylogenetic relationships using mitochondrial genes (cytochrome oxidase c, 
ribosomal 16s RNA, non-coding region 2) and nuclear genes (rhodopsin) from ~260 

individuals throughout the Indian, Indo-Pacific and Pacific Ocean portions of their range. 

Phylogenetic analyses using maximum likelihood methods confirmed monophyly of 

Sepioteuthis cf. lessoniana. Within this monophyletic group, three distinct evolutionarily 

significant units were identified with no clear geographic delineations. Two of these 

ESUs are co-distributed within the sampling range while the third ESU is only found 
on the western tip of Sumatra and western Australia. This provides not only significant 

evidence for cryptic lineages within this complex but for possible sympatry of two ESUs. 
Further morphological and life history data is required to confirm the taxonomic status 

of these units. This information is extremely useful as a starting point for future studies 
exploring the evolution of diversity within Sepioteuthis as well as provide species identity 
information for fisheries management.

 
 
KEYWORDS: Sepioteuthis; cryptic species; phylogenetics 
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O77 - THE SQUID GENUS Teuthowenia IN NEW ZEALAND WATERS: SYSTEMATICS, 
ECOLOGY AND BIG, GOOGLY EYES

Evans AB 1; Bolstad K 1; Acosta M 2 
1 - Auckland University of Technology
2 - University of Auckland

Cranchiid squids are trophically important in New Zealand waters, but their systematics 
are notoriously unstable (Voss, 1980), complicating efforts to report their ecological 

roles accurately. Herein, a revised description of the cranchiid genus Teuthowenia is 
proposed, with a focus on T. pellucida, the locally resident species. A detailed description 
of its complete life cycle is given, and several important ecological factors are discussed 
in addition to its trophic role, such as fecundity and sexual dimorphism. One of the genus’ 
most distinctive physical characters is the large, bulbous eyes. As these animals are 
believed to undergo an ontogenetic habitat shift, with some life stages residing primarily 
in the deep sea (Voss, 1985), a detailed histological investigation of the eyes is underway. 

Initial results show structural change of retinal photoreceptors throughout maturation. It 
is possible that the cellular structure of these light sensors could be connected to the 
depth at which the squid lives. Teuthid eye structure is a little-researched topic, and the 
eye structure of T. pellucida appears different from that reported for other squid taxa, 
most of which have been coastal, shallow-water species (Saibil & Hewat, 1987). This 

novel research will therefore further our understanding of visual abilities of deep-sea 
squid.
 
 
KEYWORDS: Teuthowenia; Cranchiidae; taxonomy 
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O78 - THE Octopus COMPLEX IN THE TAYRONA SECTOR, SOUTHERN CARIBBEAN

Guerrero-Kommritz 1

1 - Fundacion Marverde

Around the city of Santa Marta there is an artisanal octopus fishery. Until now the target 

of this fishery was assumed to be Octopus vulgaris. In an attempt to review the species 
present in the southern Caribbean, Tayrona sector a cephalopod survey program was 
started. The first results of the survey show that the area has more than 7 species 

of Octopus. At least one ocelate octopus species resembling Octopus maya and 5 
species that comprises the assumed O. vulgaris complex. Mysteriously the common 
Caribbean octopus Octopus briareus and Octopus burryi that are expected in the area 
are not present. This work gives the preliminary results of an taxonomic survey of the 
cephalopods in the southern Caribbean. Several other species are expected from this 
region in the next future.
 
 
KEYWORDS: Taxonomy; Biogeography; Southern Caribbean 
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O79 - CEPHALOPODS IN THE POTENTIAL PREY FIELD OF SPERM WHALES 
(Physeter macrocephalus) IN THE NORTHERN GULF OF MEXICO

Judkins H 1; Arbuckle S 2; Vecchione M 3; Garrison L 4; Martinez A 4 
1 - University of South Florida St. Petersbug

2 - Texas A&M University
3 - NMFS National Systematics Lab, National Museum of Natural History

4 - NMFS Southeast Fisheries Science Center

Cephalopods of the northern Gulf of Mexico are widely distributed and provide an 
important food source for a variety of marine animals. Sperm whales are resident 
year-round in the northern Gulf of Mexico. Prey availability has been proposed as an 
explanation for this non-migratory whale population. To examine this explanation, a 
short pilot cruise was conducted during the summer of 2009 to test equipment and to 
obtain preliminary observations. Then, the three-month Sperm Whale Acoustic Prey 

Study (SWAPS) was conducted during the winter-spring of 2010 to sample quantitatively 

the mid-water pelagic community for possible prey of sperm whales in the areas of 
the continental shelf break and upper continental slope throughout the northern Gulf 
of Mexico. Scientific echosounders and a large, double-warp midwater trawl was used 

between depths of 400m-1200m to assess prey populations and visual surveys were 
completed for sperm whale distribution and abundance. It examined the relations 
between acoustic backscatter and prey taxonomic composition, and compared sperm 
whale distribution and prey composition across habitats of the northern Gulf of Mexico. 
In total, 3767 specimens were measured and identified, providing a list of 63 species 

of cephalopods found in the region, and of those, 37 species align to the profile for 

potential sperm whale prey. Highest cephalopod species richness was found along 
the shelf break in the northeastern quadrant of the Gulf of Mexico, correlating with the 
sperm whale population richness in the same area. This presentation focuses on the 
cephalopod diversity within the mid-water pelagic community, patterns of cephalopod 
and sperm whale species richness within the northern Gulf of Mexico, and evaluates 
potential prey of the endangered sperm whales.
 
 
KEYWORDS: cephalopod diversity; Gulf of Mexico; sperm whales 
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O80 - A CRITICAL REVIEW OF THE AUSTRALASIAN OCTOPOTEUTHID FAUNA 
(CEPHALOPODA: OEGOPSIDA), INCLUDING TWO NEW SPECIES

Kelly JT 1 
1 - Auckland University of Technology

Octopoteuthids have been collected from every ocean except the Arctic and are an 
ecologically important group, being both key prey for apex marine predators as well as 
active predators themselves. However, these squids remain poorly studied, partly due 
to the difficulty of identifying them given the family’s taxonomic disarray. An uncritical 

tally of octopoteuthid taxa reported from Australasian waters yields nine species, yet 
recent inventories have found only three species to be present in regional repositories. 
Present observations of Australian and New Zealand material suggest the existence of 
five octopoteuthid species, including two previously undescribed. A second species of 

Taningia is found to differ from T. danae in at least five characters; a ‘giant’ Octopoteuthis 
species differs from congeners, in addition to its size, by arm hook and lower beak 
morphology. Taningia danae is also present in regional collections, as are two small-
bodied species of Octopoteuthis, although these remain tentative and attribution to 
species is preliminary at present. Both Taningia sp. nov. and Octopoteuthis sp. ‘Giant’ 
appear to be southern hemisphere residents, though a potential record of latter from the 
North Atlantic, if verified, could significantly extend its distribution. The recognition of a 

second Taningia species, contradicting the long-held view of the genus as monotypic, 
and the doubling of potential maximum body size of Octopoteuthis, based on material 
from one region, illustrate the necessity and overdue nature of a global systematic 
revision of the Octopoteuthidae.
 
 
KEYWORDS: Australasia; Octopoteuthidae; taxonomy 
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O81 - OCCURRENCE OF Octopus insularis AND OBSERVATIONS ON ITS 
FEEDING AND MATING IN TRINDADE AND MARTIN VAZ ARCHIPELAGO OFF 
SOUTHEASTERN BRAZIL

Leite TS 1; Barbosa JC 1; Almeida, LB 1; Lima FD 1; Haimovici M 2 
1 - Universidade Federal do Rio Grande do Norte

2 - Universidade Federal de Rio Grande - FURG

The volcanic Trindade and Martins Vaz Archipelago, part of the Vitória-Trindade Chain, 

is located at 620 miles (1167 km) from the coast of Southeast Brazil. The shallow waters 
(0.2 to 30 m depth) were surveyed for benthic octopus using SCUBA and snorkeling in 
two expeditions in July and August 2011 (winter, 24 dives) and January and February 
2012 (summer, 13 dives). The dens were marked, and the middens remains were 
collected. Overall 31 octopus were observed from which 29 were O. insularis, and 
two Octopus hummelinck, and 14 collected for taxonomic analysis. O. insularis was 
the dominant species and occurred in dens around reef plateaus and rocky bottoms of 
Trindad and Martins Vaz Islands, in both surveys. Octopus sizes ranged from 50 mm to 

166 mm ML, and the weight up to 2.800 gr. The bigger octopus collected at the islands, 
was also the biggest O. insularis registered in Brazil. Those smaller than 50 mm (9) 
occurred in both surveys from 0.2 up to 10 m depth, 13 measuring 50 to 80 mm occurred 
in both surveys from 2 to 10 mm depth and the 7 larger specimens from 5 to 20 m were 
observed only in the summer survey. This is the southernmost record and the farther 
from the South American Continent record and also at the lower temperatures, 23º C in 
July 2011. The dominant prey was the gastropod Astrea sp., the mollusk more abundant 
around the islands found associated with all dens. The larger specimens were observed 
engaged in reproductive activities as mating, paired dens, and five large males walking 

and swimming outside the dens, probably looking for females, an indication that summer 
is probably the main period of reproduction.
 
 
KEYWORDS: Brazilian oceanic islands; habitat; distribution 
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O82 - CEPHALOPODS IN MICRONEKTON TRAWLS ON THE SOUTHERN MID-
ATLANTIC RIDGE AND WALVIS RIDGE

Perez JAA 1; Bolstad K 2; Lipinski M 3; Vidal EAG 4

1 - Centro de Ciências Tecnológicas da Terra e do Mar, Universidade do Vale do Itajaí

2 - Earth & Oceanic Sciences Research Institute, Auckland University of Technology
3 - Department of Environmental Affairs; 4 - Centro de Estudos do Mar, Universidade 
Federal do Paraná

Cephalopod fauna associated to the Southern Mid-Atlantic ridge (MAR) and Walvis ridge 

was studied from 24 micronekton trawls conducted in November 2009 during the 29th 
voyage of the RV Akademik Ioffe (Shirshov Institute of Oceanology, Russia). Specimens 

were collected by a 25 m long Isaac-Kidd Midwater trawl with 6 m2 aperture, 5 mm mesh 
size and a 300 µm internal lining at the cod-end. Sampling stations were distributed in 
four sectors: North Equatorial MAR (00°35’N - 00°26’N), South Equatorial MAR (04°05’S 

- 04°40’S), Tropical MAR (17°55’S - 18°07’S), Walvis Ridge (29°30’S - 33°40’S). In 

each station, two oblique trawls were carried on, one from the deep layers above the 
MAR to the surface, and the other from the base of the Sound Scattering Layer to the 

surface (SSL). Catches included 262 cephalopod specimens, representing 50 species 
from 23 families of Octopoda, Teuthida and Vampyromorpha. All specimens represented 

early life stages; maximum observed ML of any specimen was 110 mm. Pyroteuthidae 
and Cranchiidae squids were the most common, found in 74% and 48% of the trawls, 
respectively. Pyroteuthids were also among the most abundant family sampled (33% 
of total cephalopods), followed by cranchiids (18.5%), ommastrephids (15.1%) and 
enoploteuthids (6.2%). Abundance and diversity was higher in the south equatorial 
sectors. In SSL trawls, equatorial MAR, tropical MAR and Walvis ridge seamount 

assemblages were distinguished in accordance with major surface oceanographic 
regimes of the South Atlantic (South Equatorial current, Atlantic Subtropical Gyre 
and Subtropical Convergence). In deep trawls, an equatorial assemblage was again 
characterized, but the Tropical MAR and Walvis Ridge sectors were also highly similar 

to each other, indicating that latitudinal effects on faunal composition may have greater 
influence than oceanographic regimes.

 
 
KEYWORDS: Mid-Atlantic Ridge; South Atlantic; Micronekton
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O83 - THE DISTRIBUTION, DIVERSITY, AND IMPORTANCE OF CEPHALOPODS 
IN TOP PREDATOR DIETS FROM OFFSHORE HABITATS OF THE NORTHWEST 
ATLANTIC OCEAN

Staudinger MD 1; Juanes F 2; Salmon B 3; Teffer AK 4 
1 - Missouri Cooperative Fish and Wildlife Research Unit and USGS National Climate 

Change & Wildlife Science Center
2 - University of Victoria
3 - Florida Fish and Wildlife Research Institute

4 - University of Massachusetts Amherst

Large pelagic predators were used as biological samplers to gain information on 
cephalopod diversity, abundance, distribution, and their role as prey in the Northwest 
Atlantic Ocean. Fish predators were caught by recreational anglers in offshore waters 
of the eastern coast of the United States: New England (NE; 2007 - 2010), the Mid-

Atlantic Bight (MAB; 2009 - 2010) and the South Atlantic Bight (SAB; 2010 - 2011). In 
total, 2,362 cephalopods, including 22 species of squid and 4 octopods, were identified 

in the diets of 13 species of predatory fishes. Cephalopod body sizes were obtained for 

1,973 specimens through direct measurement of mantle lengths (ML) or estimated using 
lower rostral/hood lengths of lower beaks. Cephalopod diversity (number of species) 
was highest in predator diets from the SAB (N = 19), intermediate in NE (N = 18), and 
lowest in the MAB (N = 9); however differences may reflect unequal sampling effort 

among regions. The most important cephalopods across predator diets by number 
and frequency of occurrence were from the families Ommastrephidae, Argonautidae, 
Loliginidae, and Histioteuthidae. Shortfin squid (Illex illecebrosus) and paper nautilus 
(Argonauta sp.) were the most recurrent species identified across spatiotemporal scales; 

size distributions of these two species varied significantly among regions, and the largest 

individuals on average were found in the MAB. Results demonstrate that although 

pelagic predators consumed a broad range of cephalopod species, octopods and 
squids from the families Argonautidae and Ommastrephidae dominated the collective 
diets of numerous pelagic teleosts and elasmobranchs, and play a key role in offshore 
food-webs of the Northwest Atlantic Ocean. This study emphasizes the value of using 
predators as biological samplers to gain information on cephalopod biogeography, and 
as a potential approach to track ecosystem changes in this region due to environmental 
and anthropogenic stressors.
 
 
KEYWORDS: Biodiversity; Trophic relationships; Pelagic predators 
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O84 - OBSERVATIONS OF DEEP-SEA CEPHALOPODS BY THE SERPENT PROJECT 
IN THE GULF OF MEXICO, 2002-2010

VVecchione M 1; Benfield MC 2

1 - NMFS National Systematics Laboratory

2 - Louisiana State University

The SERPENT project is a global collaboration between the offshore petroleum industry 

and deep-sea biologists. Industrial Remotely Operated Vehicles (ROVs) are used to 

observe deep-sea animals when the ROVs are not occupied with the requirements of the 

industry. Between 2002 and 2010 in the Gulf of Mexico, the SERPENT project compiled 

110 cephalopod observations comprising approximately 26 taxa at depths of 150-3048 
m. Although the most numerous observations were of either unidentified ommastrephids 

or unidentified squids in the epipelagic and upper mesopelagic, several very interesting 

videos were recorded, contributing to our knowledge of rare deep-sea species. Some 
of the most remarkable are of species in the genera Grimalditeuthis, Chiroteuthis, 
Joubiniteuthis, Planctoteuthis, Mastigoteuthis, Magnapinna, Stigmatoteuthis, Taningia, 
Bathyteuthis, Cirrothauma, Opisthoteuthis, and Vampyroteuthis.
 
 
KEYWORDS: deep-sea; submersibles; behavior 
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The role of cephalopods in marine ecosystems

O85 - CONVERGENCE IN LIFE HISTORY STRATEGIES IN LARGE PELAGIC 
NEKTONIC SQUID AND TELEOST FISH

Arkhipkin A 1; Laptikhovsky V V 1 
1 - Fisheries Department

Life history traits were studied in abundant and large-size nektonic squid (Ommastrephidae 
and Thysanoteuthidae) and teleost fish (Istiophoridae, Xiphiidae, Scombridae, 

Carangidae, and Gempylidae). The life cycles of these pelagic animals usually exclude 
shoreline and bottom habitats. Despite substantial differences in longevity, varying 
between 1-2 years in squid and 10-50 years in teleosts, many features of their life cycles 
exhibit convergence, including rapid growth rates, high fecundities and long ontogenetic 
migrations. Rapid growth as related to high food consumption/conversion rates and 

diel vertical migrations to deep waters permitting to reduce active metabolism while 
promoting growth allows positioning both fish and squid at higher trophic levels early in 

their lifecycles, thereby releasing them from predation pressure. Migratory behaviour and 
excellent swimming abilities allow spatial structuring of species life cycles, with spawning 
grounds located in warm areas of the world ocean and feeding grounds located in more 
productive temperate frontal zones. Intermittent spawning and high individual fecundities 
with numerous (generally more than a million) small eggs, evolved as adaptations to 
the variable environment of oceanic pelagic layers. Extreme r-selection characteristic of 
large nektonic squid and fish were advantageous during Cenozoic evolution of oceanic 

nekton, enabling them to quickly ‘saturate’ vast volumes of the open ocean. After the 
last major extinction event (K/Pg) that eliminated large nektonic elasmobranchs, teleosts 
and reptiles, pelagic econiches became vacant and were quickly re-occupied by extreme 
r-strategists, preventing less fecund and slower growing species to takeover. Several 
evolutionary advantages such as iteroparity and longer life spans led recent teleosts to 
overtake cephalopods both in diversity and maximum size, placing them at the top of 
the trophic pyramid. Life history traits of selected r-strategists are compared with those 
of recent large elamobranchs and marine mammals, representing the other end of r-K 
continuum among top predators.
 
 
KEYWORDS: cephalopods; fish; life history strategy 
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O86 - DIET IN EARLY LIFE STAGES OF JUMBO FLYING SQUID Dosidicus gigas

Camarillo-Coop S 1; Salinas-Zavala CA 1; Lavaniegos B 2; Markaida U 3 
1 - Centro de Investigaciones Biológicas del Noroeste (CIBNOR)
2 - Centro de Investigación Científica y Educación Superior de Ensenada (CICESE)

3 - El Colegio de la Frontera Sur (ECOSUR)

The digestive system of 186 specimens were analyzed for determine the diet in 
paralarvae and juvenile Dosidicus gigas. All specimens were collected in the central 
and south region of the Gulf of California. Paralarvae were collected through plankton 
samples with Bongo net (oblique tows) in June and September 2008 while juveniles 
were captured using a deepnet (June 1982; May 2004; April and June 2005; June 
2006; March and June 2007; May, June and October 2008 and June 2010). The mantle 
length of 36 paralarvae ranged from 2.8 to 9.8 mm while the 150 juveniles were 11 
to 120.5 mm. The food content was separated first into identifiable material (IM) and 

non-identifiable material (NIM). All paralarvae contained only NIM stored mainly in the 

caecum rather than stomach. The caecum was half full and completely full with NIM in 
most paralarvae suggesting a constant intake of food. As juvenile grow incorporate new 
prey types, in fact the number and diversity of prey is in function of increasing squid body 
size. The morphological description of hard structures showed that juveniles feed on 
nine different prey types: euphausiids, copepods, amphipods, unidentified crustaceans, 

fishes, cephalopods, pteropods, bivalves and polychaetes. The IM were found mainly 

in the stomachs of juveniles. The results observed in this study confirm the previous 

results from Peruvian oceanic waters respect to an ontogenetic change in the diet of 
jumbo flying squid.

 
 
KEYWORDS: paralarvae; jumbo flying squid; Dosidicus gigas 
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O87 - ARE PELAGIC CEPHALOPODS IN THE MEDITERRANEAN AS ABUNDANT 
AS SUGGEST THE STOMACH CONTENTS OF THEIR PREDATORS?

Keller, S 1; Quetglas, A 1; Valls, M 1; Ordines, F 1; de Mesa, A 1; Olivar MP 2; 
Massutí, E 1; 
1 - Instituto Español de Oceanografía (IEO), Centro Oceanográfico de los Baleares (COB)

2 - Institut de Ciències del Mar (CSIC)

According to most specialists, the dearth of information on oceanic cephalopods reflects 

the inability of present day sampling equipments to catch them, since stomach content 
analyses of their predators suggest that they are very abundant along the water column. 
Stomach analyses, however, have an important inherent problem that should be taken 
into account when addressing this hypothesis. Cephalopod flesh digests more quickly 

than fish flesh and, in most cases, the identification of cephalopod remains is done from 

beaks, which are difficult to digest and may accumulate for long times in the stomachs. 

Such beak accumulations obviously bring forth an overestimation of the importance 
of cephalopods in the predator’s diet. With the expectation of determining if pelagic 

cephalopod abundances in the Mediterranean are in agreement with inferences from 
teutophagous predator’s diet, we analysed the structure and dynamics of cephalopod 
assemblages at different bathymetric strata from the surface to bottom grounds down to 
900 m depth: 1) near surface (SUR); 2) in the benthic boundary layer (BBL); 3) in the deep 

scattering layer (DSL); and 4) on the bottom (BOT). Pelagic trawls were carried out in the 
strongest acoustic sound layers. Although bottom trawl samples were only available from 
daytime hours, mid-water trawl samples were taken both during the day and night, which 
allowed comparisons of day-night cephalopod abundances and nictemeral movements 
along the water column. A total of 26 cephalopod species belonging to 12 Families were 
caught. On the slope, diversity increased with depth from near the surface to the bottom; 
on the shelf, diversity was also highest at BOT. Total species richness did not show 
important differences at SUR, DSL and BBL levels, but increased at bottom levels both 

on shelf and slope. Mean species richness on the slope was higher at BBL and BOT 
than at SUR and DSL. On the shelf, mean species richness was markedly higher at 

the bottom strata than at SUR and BBL. Abundance and biomass were by far highest 

at BOT and, within this level, higher on the shelf than on the slope. Abundances in both 
areas in general were markedly higher at night than during daytime. Despite focusing 
our pelagic samplings on the strongest acoustic sound layers, our results showed that 
pelagic cephalopod diversities and abundances were very low compared to close to 
bottom grounds and in no way in accordance with the high abundances inferred from 
diet studies.
 
 
KEYWORDS: Cephalopod communities; Bathymetric patterns; Diurnal migration
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O88 - DISTRIBUTION, TRAWLING EXPLOITATION PATTERNS AND SIZE 
COMPOSITION OF OCTOPUS (Octopus vulgaris) IN PORTUGUESE WATERS 
(NORTHEAST ATLANTIC)

Pereira J 1; Pilar-Fonseca T 1; Moreno A 1; Afonso-Dias M 2; Campos A 1 
1 - INRB/L-IPIMAR

2 - Universidade do Algarve

The European Marine Strategy Framework Directive established the need for reference 
points of population characteristics, in order to assess the impact of exploitation pressures, 
species spatial distribution and structure, as well as the dynamic interactions between 
the several components of the ecosystem. Octopus vulgaris is the most important target 
of Portuguese fisheries in terms of value, when all official and non-declared landings 

are considered. It is therefore no surprise that in areas of their distribution where fishing 

pressure is more intense, the species was found to have drifted from the historically 
verified population structure. Bottom-trawling for demersal communities is not the most 

important source of fishing mortality for octopus (only 8-10% of national landings), 

but it is arguably both the least selective and the best documented of all of the fishing 

metiers employed in the fishery, allowing the simultaneous assessment of distribution 

and population structure. Taking advantage of sophisticated modern-day techniques, 
developed for the determination of target species of specific fleet components, data 

from 2003 were analysed to provide a perspective of population structure and relative 
distribution prior to the most recent changes. The Portuguese Vessel Monitoring System 

provided high-quality 10 minute interval information of the fishing trips where octopus is 

identified as the target species. Intensive fishing activity for octopus is observed inshore 

of two regions, one to the north of Peniche (from Cape Carvoeiro to the Portuguese 
border) and the other between Cape St. Vicente (Sagres) and Cape St. Maria (Faro) in 

the South coast. A sub-set of the vessels totalling 42 fishing trips undertaken between 

39.5 and 42ºN were used to provide information on volume and the size distribution of 
the landings. These show that juveniles (=<12 cm ML) are mainly concentrated between 

39.5 and 41.5 ºN, whereas larger individuals (>12 cm ML) concentrate south of 40.5 ºN. 
The differential fishing pressure that is imposed on each population component provides 

indications of possible driving demographic pressures that may be responsible for some 
of the changes perceived. As important predator and prey species, cephalopods are 
key ecosystem components, and can constitute potential community-level indicators to 
monitor and assess marine environmental status, including biodiversity.

 
 
KEYWORDS: fishing intensity; population structure; octopus 
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O89 - FEEDING ECOLOGY OF TOP PREDATORS WORLDWIDE: HAVE WE ALWAYS 
HAVE BEEN UNDER-ESTIMATING THE ROLE OF CEPHALOPODS IN THEIR DIETS?

Xavier JC 1; Cherel Y 2; Phillips RA 3 
1 - Institute of Marine Research, University of Coimbra
2 - Centre D´etudes biologique de Chizé
3 - British Antarctic Survey

Dietary studies on predators are essential understanding the role of cephalopods in the 
marine ecosystems. Cephalopods in the diet of top predators are still mainly identified 

by using their chitinized upper and lower beaks. In this presentation, we describe the 
cephalopod diet of key 20 major cephalopod predators worldwide (including wandering 
albatrosses, sperm whales, elephant seals, lantern sharks and Patagonian toothfish), 

compare the various methods to assess cephalopods in the diets of predators (i.e. 
identifying and measuring cephalopod beaks versus using stable isotopes, fatty acids 
and DNA techniques), evaluate critically whether the number of upper and lower beaks 
differs in diet samples collected and discuss the potential biases in the estimation of 
cephalopods in predator diets worldwide. Our results show that the predators that heavily 
feed on cephalopods (> 60% by mass), clearly feed mostly on species from the families 
Histioteuthidae, Cranchiidae, Ommastrephidae, Gonatidae and Onychoteuthidae, that 
the ratio of upper to lower beaks in diet samples from predators varied greatly in a 
single year, between years, and biases were greater for certain cephalopod species, 
resulting in an underestimation of their relative importance. Therefore we recommend 
cephalopod researchers that works on predators diets to: 1) Count both upper and 

lower beaks (and cite them in their papers), 2) Measure the lower rostral length (LRL) 

of lower beaks, 3) Assess if the number of upper beaks exceeds the number of lower 
beaks (always meant by prey species; i.e. identify both upper and lower beaks), and 
if so, the estimation of biomass should be made by measurements using published 
LRL/body mass relationships and then extrapolate this with the number of upper beaks 

and 4) Promote future research focusing on studies that provide information on Upper 
Rostral Length (URL)/size and/or URL/body mass relationships of cephalopods. These 

recommendations are essential to enable improved information for the assessment and 
management of cephalopod fisheries from an ecosystem perspective (particularly those 

cephalopod species that numerous predators feed on) and improve future marine food 
web models.
 
 
KEYWORDS: Diet; Cephalopod beaks; Feeding ecology
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POSTER

P1 - REGULATORY CAPACITY OF TISSUE HYDRATION IN Octopus vulgaris AND 
Octopus insularis

Amado EM 1; Souza-Bastos LR 2; Wosnick N 3; Ceron FJM 3; Vidal EAG 4; Freire CA 5  
1 - CCBSA, Universidade Estadual da Paraíba
2 - Departamento de Fisiologia, Universidade Federal do Paraná (UFPR)

3 - Departamento de Fisiologia, Universidade Federal do Paraná (UFPR)

4 - Centro de Estudos do Mar, Universidade Federal do Paranál do Paraná, PR, 83255-

976. Brazil
5 - Departamento de Fisiologia, Universidade Federal do Paraná

Cephalopods are exclusively marine invertebrates, osmoconformers and stenohaline. 
Octopus has ~289 species, among them O. vulgaris and O. insularis, which differ 
genomically by only ~7%. The spatial distribution of these species is influenced by 

salinity. O. vulgaris tolerates salinities of 27-40 and has extracellular ion concentrations 
slightly above those measured in other cephalopods. O. insularis is found in shallow 
waters and rock pools, which are subject to evaporation and high salinity variations. Due 
to the recent separation of these species and a lack of knowledge on their osmo-ionic 
regulation, the aim of this study was to compare the ability of these species to regulate 
tissue hydration. Specimens of O. vulgaris (n=6) and O. insularis (n=3) were obtained 
by divers from the Paranaguá Estuarine Complex (Paraná State, Southern Brazil) 
and along the coast of Rio Grande do Norte State (Northeastern Brazil), respectively. 

Animals were transported to the Laboratory of Cephalopod Culture of CEM/UFPR where 

they were acclimated in 500L tanks under constant filtration and aeration at 26°C, 32 

salinity, for 5-10 days. After acclimation, octopuses were anesthetized (10 min in 4°C 
water), a portion of the second right arm (<10% of the length) was removed and cut 

into 3 equal portions. These fragments were placed in a beaker containing 10 mL of 
control isosmotic saline (osmolality 1072 mOsm/kgH2O). Each fragment was quickly 
blotted dried with filter paper (~3-4 s) and was then weighed (time zero) and transferred 

to either control saline, hyposmotic (50% reduction, osmolality 548), or hyperosmotic 
(50% increase, osmolality 1448) salines (5 mL). Every 15 min, muscle fragments 
were dried and weighed again, until 120 min of exposure. There was no change 
(paired t-test, p<0.05) in tissue hydration, of both species, upon hyposmotic 

Anatomy and physiology
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shock. However, under hyperosmotic shock, the muscle of O. vulgaris showed a distinct 
reduction in tissue hydration in the second half of the experiment, showing 5-8% less 
hydration than controls. The muscle of O. insularis, on the contrary, remained unchanged. 
These results indicate a small physiological difference between the two species in face 
of hyperosmotic shock. Interestingly, the O. vulgaris specimens evaluated were collected 
from an estuary, where salinities are always much lower than the coastal adjacent areas. 
The results for O. insularis also corroborate its occurrence in more saline environments.
 
 
KEYWORDS: Octopus; salinity; tissue hydration 



Cephalopod International Advisory Council Symposium 2012
27 Oct - 02 Nov 2012 | Majestic Palace Hotel | Florianópolis, Santa Catarina, Brazil

98

P2 - WHAT CAN THE MORPHOMETRY OF STATOLITHS TELL US?

Bainy MCRS 1 
1 - FURG

The statolith morphometry is one of the methods used to systematic differentiation of 
Teuthida species including the characterization of their lifestyle within different habitats. 
However, statolith shape depends strongly on evolutionary relationships and is species-
specific, hindering the determination of universal characters for statolith forms and squid 

habitat. Our main goal is to determine a morphometrics relationship between structures, 
i.e. dome, rostrum and wing, of the statolith of Illex argentinus collected in the shelf 
break region of Rio Grande do Sul (Brazil), between November/2006 – September/2008. 

A total of 246 statoliths were measured registering each Statolith Total Length (STL), 
Domo Length (DL), Dome Width (DW), Lateral-Dorso Length (LDL), Ventro-Lateral 

Length (VLL), Rostrum Length (RL), Wing Width (WW) and Statolith Total Width (STW). 

In order to obtain linear combinations of those measurements, a Principal Component 
Analysis was applied to. Besides, an ANCOVA analysis was performed to compare two 

different arrays of linear regressions of those morphometric data. DL is almost on the 
axis of Component 1 and was positively associated to the STL. This can be due to the 
location of the growth increments is exactly at the dome. A relation between LDL and DW 

was found since both structures have the dome as a key-part for their measurements. 
The STW was also influenced by the dome and showed a slight association with LDL × 

DW of the sample. Considering the relation between RL and VLL, the rostrum seemed 

to act directly upon the VLL and was positively associated with the STL. However, the 

rostrum did not interfere in the STL. On the other hand, the WW was in opposition to 

other structures, because the wing got own features and was associated to the statolith’s 
anchorage on the statocyst. There were no significant results with the ANCOVA analysis. 

In short, the dome can be considered as a major statolith structure for Illex argentinus 
due to its morphometric influence over the STL and to its invaluable clues about the life 

cycle of that squid species.
 
 
KEYWORDS: Illex argentinus; statolith; morphometry 
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P3 - STATOLITH MORPHOLOGY AND MORPHOMETRY OF Doryteuthis plei 
SPECIMENS FROM SÃO PAULO, BRAZIL

Barcellos DD 1; Gasalla MA 1

1 - Fisheries Ecosystems Laboratory, Department of Biological Oceanography, 

Oceanographic Institute, University of São Paulo

Cephalopod rigid structures such as gladius, statoliths, crystalline lens, cuttlebone and 
beaks have been used in growth studies with different degrees of success and are often 
used for cephalopods taxonomic identification in predator’s diets. This study aims to 

describe and evaluate statoliths of Doryteuthis plei in order to provide new details useful 
for taxonomic identification, sexual differentiation, and estimates of individual squid 

size from statoliths dimensions. A total of 780 statoliths were analyzed to describe the 
morphology and morphometry of the structure as well as with ontogeny. A comparison 
with D. sanpaulensis statolith was also undertaken. D. plei statolith morphology showed 
similar characteristics to D. sanpaulensis in terms of size and shape. However, D. plei 
statoliths have a dome and rostrum less rounded than those of the congeneric species 
with tapered ends. The rostrum has narrow features in the midline and extends its 
area to the extremity of the wing. The wing occupies a mean of 28.51% by area, while 
the portions as the domes and rostrum together occupy 71.49%. No obvious gross 
morphological difference among D. plei statoliths of males and females was found, but 
significant differences between the rostrum’s and dome’s angles were detected (Kruskal-

Wallis tests). No difference was detected between males and females in relation to the 

mantle length (ML) range (ANCOVA). However, differences were found among adults 

and juveniles. We observed a tendency of narrowing the extremity of the rostrum and 

the domes with the growth of D. plei. One statolith was found with a modified shape and 

size. Such atypical statolith, larger than a normal D. plei statolith, was similar to a fish 

otolith. Despite of this, it was possible to identify the dome and rostrum on it, but not 
the region where these two structures merge. Apparently this atypical statolith had no 
adverse effect on growth and development of this specimen (a 176 mm ML male) as this 
squid survived until the full maturity. In terms of the relationship between statoliths length 
(SL) and ML, the logarithmic model provided the best fit and can be used to estimate the 

squid’s length using the statolith length.
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P4 - NEUROPEPTIDES ANALYSIS OF Octopus vulgaris TRANSCRIPTOME: 
OCT-PEDAL PEPTIDE EXPRESSION IN CNS LOBES INVOLVED IN MOTOR 
COORDINATION

Bertapelle C 1; Troncone L 1; Moroz LL 2; Polese G 1; Di Cosmo A 1

1 - Department of Structural and Functional Biology, Universiti of Naples Federico II

2 - Department of Neuroscience and McKnight Brain Institute, Gainesville, Fla, and 

Marine Bioscience, University of Florida; 

The discovery of novel peptides and hormones from the phylum Mollusca, enabled by the 
availability of whole genomes, transcriptomes and peptidomes, gives now ample tools 
for studying the structural evolution of peptides and hormones, and for redefining the 

phylogenetic relationships of key families of peptide and hormones across ecdysozoans, 
lophotrochozoans and chordates. In this frame, the genome sequence of the limpet 
Lottia gigantea (Veenstra, 2010) and the initiated large-scale molluscan transcriptome 

and genome projects (Moroz et al., 2011; De Lisa et al., 2011; Di Cosmo and Polese, 
2012) offer an excellent opportunity to look at the neuropetides and neurohormone 
genes. Mollusks have several genes coding pedal peptides (PP), three in Lottia and 
four in Aplysia (Veenstra, 2010). Neuropeptides are the fastest evolving intercellular 

signals; in particular, cephalopods developed a number of specific innovations in their 

repertoire of secretory molecules that might support their unique features (Moroz, 2011). 
Using neuronal transcriptome from Octopus vulgaris, we developed a specific probe 

to analyze expression of Oct-PP in O. vulgaris brain in horizontal sections throughout 
the suboesophageal and supraoesophageal masses, including optic lobes. Performing 
ISH analysis we found the expression of Oct-PP mRNA confined in the anterior 

suboesophageal mass, in the prebrachial lobe and in the middle suboesophageal mass, 
in all pedal lobes. The prebrachial lobe is involved in reflex coordination. The middle 

suboesophageal mass, representative of the pedal ganglionated cord of early mollusks, 
is involved in all actions in Octopus (Young, 1971). Our findings support the involvement 

of Oct-PP in reflex and motor coordination in Octopus.
 
 
KEYWORDS: Octopus vulgaris; pedal peptide; neural transcriptome 



101

Cephalopod International Advisory Council Symposium 2012
27 Oct - 02 Nov 2012 | Majestic Palace Hotel | Florianópolis, Santa Catarina, Brazil

P5 - WOULD YOU SHAKE OFF YOUR PENIS? THE SEVEN-ARM OCTOPUS 
Haliphron atlanticus DOES IT

Guerra, A 1; Valeiras J 2; Roura A 1; Abad E 3; Serrano A 4 
1 - Instituto de Investigaciones Marinas (CSIC)
2 - Instituto Español de Oceanografía, Centro Oceanográfico de Vigo

3 - Instituto Español de Oceanografía, Centro Oceanográfico de Vigo

4 - Instituto Español de Oceanografía, Centro Oceanográfico de Santander

The seven-arm octopus Haliphron atlanticus Steenstrup 1861 belongs to one of the 
four families of Argonautoidea Naef, 1912 that are primarily distinguished by an unusual 
means of copulation which involves transferring a detached hectocotylus from the male 
to the female. H. atlanticus coils the hectocotylus into a sac beneath the right eye. 
Although the hectocotylus was drawn by Verrill (1982) and its functional morphology was 

suggested by Naef (1923), there were several unclear points. Based on morphological 
and histological observations of one male captured in the North Atlantic Ocean, we 
present here for the first time: I) the way followed by the spermatophore from the testis to 

the penis opening; ii) the internal structure and function of the spermatophore reservoir; 
iii) the internal structure of the proximal and distal penis; and iv) the morphology of the 
spermatophore.
 
 
KEYWORDS: Haliphron atlanticus; reproductive biology; Octopodidae 
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P6 - CHARACTERIZATION OF Sepia officinalis HAEMOCYTES, PRIMARY-CULTURE 
DEVELOPMENT AND ENZYMATIC ASSAYS ON SERUM AND HAEMOCYTE 
FRACTIONS

Le Pabic C. 1; Goux D. 2; Serpentini A. 1; Lebel J-M. 1; Koueta N. 1

1 - BioMEA - FRE 3484 CNRS

2 - Centre de Microscopie Appliquée à la Biologie (CMABio)

Invertebrate immunological studies have recently started to highlight the implications 
of haemocytes in multiple processes such as phagocytosis, accumulation and 
detoxification of chemical toxicants, or shell and tissue repair. However, the different 

types of mollusc haemocytes and their functions have not been fully described, 
especially in the Cephalopod class – the only molluscs with a closed circulatory system.  
To better understand their role in cephalopods, Sepia officinalis haemocyte 
characterization was undertaken, and several enzymatic assays (lysozyme-like, 
antiproteases, phenoloxidases and acid phosphatases) were conducted on serum and 
haemocyte fractions. Haemolymph was directly sampled from the anterior paleal vein of 
anaesthetized adult cuttlefish, followed by light centrifugation to separate haemocyte and 

serum fractions, and samples were then treated for enzymatic assays, flow cytometry 

analyses (FCM) and light- or electron microscopy observation. Light microscopy and 
FCM analyses highlighted a single cell type of 10 µm mean size containing a large 
U-shaped nucleus, while May-Grünwald Giemsa staining and transmission electron 
microscopy revealed at least two types of intracellular granules. Enzymatic assays 
showed dominant lysozyme-like, phenoloxidase and acid phosphatase activities in 
haemocyte fractions, whereas protease inhibitor activity was found in serum fractions. 
Haemocyte primary-culture were optimized to maintain healthy cells for at least two days. 
For this purpose, three culture media (modified- L-15, Hank’s 199 and DMEM) and two 

temperatures (15 and 17°C) were tested, with best results obtained at 15°C in modified 

L-15 culture medium. Taken together, our results provide in vitro tools necessary to 
evaluate contaminant-specific effects on the S. officinalis immune system.
 
 
KEYWORDS: Sepia officinalis; haemocyte; primary-culture
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P7 - PHYSIOLOGY, BIOCHEMISTRY AND DIGESTIVE RHYTMS OF THE RED 
OCTOPUS Octopus maya

Linares-Aranda M 1; Canseco L. 1; Rosas C. 2

1 - Posgrado en Ciencias del Mar y Limnología Universidad Nacional Autónoma de México
2 - Unidad Multidisciplinaria de Docencia e Investigación, Facultad de Ciencias, 

Universidad Nacional Autónoma de México

Octopus maya is a potential species for tropical marine aquaculture. The knowledge 
of digestion and absorption process is a key to aquaculture. This work describes the 
processes of transportation, digestion and absorption of ingested food of wild adults of 
Octopus maya (823.06, ± 383.09 gr). A group of 66 adults were acclimated to laboratory 
conditions by 15 days. The digestive process was studied over a period of 8 hours, 
sampling animals before (time 0) and after feeding (20, 40, 80, 120,180, 240, 360 and 
480 min). At each time we measured volume of chyme, soluble protein and the activity of 
digestive enzymes (De), along the digestive tract putting particular attention in anterior 
stomach or crop, posterior stomach, caeca and digestive gland (Dg). It was noted that 
the anterior stomach has the role of regulator of the volume and possibly the digestion 
of the chyme, allowing the controlled release of chime at the rest of the digestive tract. 
According with the peaks of activity observed it is possible to establish that the O. maya 
digestion is carried out in two phases. The first corresponds to digestion of soluble 

nutrients at the chyme. In the second phase, the anterior stomach fills to give rise to 

the control of the digestive sequence in which the chyme moves towards to posterior 
stomach and the caeca as the digestive process progresses. The absorption of the 
nutrients from food was detected in the Dg with the increase in the concentration of 
proteins, glucose, acilglycerids and cholesterol according with these digestion phases. 
In adults of the digestion process conclude 8 h after feeding when nutrients in chyme as 
in Dg again reach levels before digestion.
 
 
KEYWORDS: Octopus maya; digestión process; digestive enzymes
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P8 - DIGESTION CYTOLOGY OF THE DIGESTION OF Octopus maya EARLY 
JUVENILES

López-Ripoll 1; Avila-Poveda OH 2; Calva R 3; Rosas C 4
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3 - Instituto Nacional de la Pesca, México
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Octopus maya is a holobenthic octopus species endemic from Yucatan Peninsula, with 
aquaculture potential. An important aspect of the digestive physiology of octopuses 
resides in the understanding of the absorption and assimilation mechanisms of the 
nutrients acquired from food. Previous results on the structural and lipid levels changes 
of the DG and lipid levels during post-hatch development indicated the presence of an 
enzymatic adjustment process, and therefore a digestive process. The reduction in the 
proportion of lipids in the DG and the increase of predatory capacity revealed that the 
maturity process helps to prepare for the capture and ingestion of nutritionally complex 
prey before O. maya reached the true juvenile stage. The present study was designed to 
known how food modulates digestive gland cellular dynamics during digestion of 5 and 
20 days old (DO) O. maya. Juveniles were obtained from spawn eggs of wild females 
previously acclimated and kept under controlled conditions. Cellular changes in the DG 
with postprandial treatment were evaluated on a total of 15 juveniles of 5 and 20 DO. 
Before sampling octopuses were starved for 24 h and then allowed to feed for 1 h. 
Afterwards octopuses were randomly sampling at 0 h (i.e., 24-h starved), and 2 h, 4 
h, 6 h, and 8 h after feeding. Octopuses were fixed in Bouin’s solution until histological 

processing. Animals of 5 DO don´t showed morphological changes according with timing 
food. At that age animals depended of inner yolk just to complete the digestive gland 
development. In contrast, in animals of 20DO we observed the complete digestive 
cycle that start once animals were feed and conclude between 6 to 8 h after feeding 
demonstrating that these animals had a faster digestive process than previously reported 
with animals of 120 DO.
 
 
KEYWORDS: Octopus maya; Nutritional physiology; digestion
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P9 - BIFLAGELLATE SPERM IN CEPHALOPODA REQUIRES RECONSIDERING 
THIS “TAXONOMIC” CHARACTER

Rodrigues M 1; Roura A 2; Guerra A 2; Nishiguchi MK 3; Troncoso JS 1 
1 - Universidad de Vigo
2 - Instituto de Investigaciones Marinas
3 - New Mexico State University

Variation in sperm morphology is widespread throughout the Metazoa, and has been 

used as an informative taxonomic character. Electron microscopy techniques allowed 
spermatozoa ultrastructure analyses of three sepiolid squid species with restricted 
habitats at different geographical locations —Sepiola atlantica from the Northeastern 
Atlantic, Euprymna tasmanica from the Southern Indo-west Pacific, and Euprymna 
scolopes from the central Pacific Hawaiian Islands. All three species have the same 

morphological structure, possessing biflagellate mature spermatozoa exhibiting the 

typical axonema 9+2, with no acrosomal gland. This observation contrasts with other 

known cephalopod species with uniflagellate spermatozoa, which possess the acrosomal 

gland, including other sepiolid squid species. The spermatozoa possess two triplet 
centrioles positioned within the nuclear invagination where each flagellum originates: 

each is harnessed to the plasma membrane by a membrane skirt. Microtubules are 
arranged parallel to the sperm longitudinal axis. The ultrastructure appears intermediate 
between the primitive Nautiloidea sperm type and modern Coleoidea. This observation 
implies multiple independent evolutionary events of both biflagellate and uniflagellate 

sperm. Thus, sperm morphology seems more related to fertilization adaptation than 
phylogeny.
 
 
KEYWORDS: Biflagellate sperm; ultrastructure; Sepiolidae
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P10 - STATOLITH MICROSTRUCTURE FOR STUDYING AGE AND GROWTH OF 
THE ATLANTIC BRIEF SQUID Lolliguncula brevis IN NORTHEN SÃO PAULO

Tanaka K.Y. 1; Martins R.S. 2; Gasalla MA 3 
1 - Fisheries Ecosystems Laboratory, Department of Biological Oceanography, 

Oceanographic Institute, University of São Paulo
2 - Fisheries Ecosystems Laboratory, Department of Biological Oceanography, 
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Oceanographic Institute, University of São Paulo

Among the loliginid squid species that occur in Brazilian waters, the Atlantic brief squid 
Lolliguncula brevis is found in coastal and estuarine areas and is commonly caught as 
bycatch of the seabob shrimp trawl fishery. Thus knowledge on the population structure 

of the species is required to address their susceptibility to fisheries. Accordingly, age and 

growth studies are essential for a better understanding of the species life-cycle. In squid, 
the most suitable structure for this type of study are the gladius and the statholits. These 
latter are calcareous concretions found immersed in a fluid in the statocyst located in 

head and have a function on the spatial orientation of the squid. Statoliths often present 
recognizable growth increments formed by periodic deposition of minerals during the 
lifespan of the squid. These growth increments can be read and counted following a 
proper preparation (grounding and polishing) of these structures, thus becoming 
important tools for age and growth studies in squid. The aim of the present study is to 
evaluate the use of statoliths as tools to study the age and growth of Lolliguncula brevis 
caught off northern São Paulo coast. Results will be compared with previous work in 

Santa Catarina, SE Brazil. In addition, the focus of the present study will be given on 
immature individuals, in order to fulfill an important gap identified in the Santa Catarina 

study. Individuals of L. brevis were collected through bottom trawl in the artisanal seabob 
shrimp fishery off northern São Paulo coast. Laboratory analyses included the record 

of size, weight, sex and maturity stage of each squid sampled, and the extraction of 
the statoliths for latter analyses. The evaluation of the statoliths as aging tools included 
the preparation of glass slides were statoliths were initially glued, briefly grind, and 

then polished for the visualization of the growth increments. Those preparations will be 
evaluated under a stereoscopic microscope at 400–1000 × magnifications.

 
 
KEYWORDS: Lolliguncula brevis; statoliths; growth 
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P11 - AEROBIC AND ANAEROBIC PATHWAYS IN JUMBO SQUID (Dosidicus gigas) 
UNDER METABOLIC SUPPRESSION IN THE OXYGEN MINIMUM ZONES

Trübenbach K 1; Seibel BA 2; Rosa R 1
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Universidade de Lisboa
2 - Center for Biotechnology and Life Sciences, Biological Sciences, University of Rhode Island

Jumbo squid (Dosidicus gigas) is a diel vertical migratory predator that encounters, during 
the daytime, the permanent oxygen minimum zones of the Eastern Pacific. Suppression 

of total metabolism appears to be a prerequisite for the survival of prolonged bouts of O2 
limitation and is primarily achieved by shutting down expensive cellular processes. The 
aim of this study was to investigate the potential of metabolic plasticity and the process 
of metabolic suppression in D. gigas by quantifying routine metabolic rates, depletion 
of energy reserves, accumulation of anaerobic metabolites, cellular fitness, and the 

potential of aerobic and anaerobic ATP production. Oxygen consumption under hypoxia 
(1kPa, 1% O2) was 75% less compared to normoxic conditions. In early hypoxia (EH, 
< 180 min) energy reserves were significantly depleted (Arginine-phosphate (Arg-P) 

and ATP), whereas breakdown of Arg-P led to a significant accumulation of arginine. 

Depletion of the ATP pool was accompanied by an increment of AMP and ADP resulting 
in a significant decline in the adenylate energy charge (AEC) from 0.91 to 0.56 indicating 

stressed organisms. At late hypoxia (LH, > 180 min), there was a significant build up 

of the anaerobic endproducts octopine and succinate. The rise in octopine levels was 
accompanied by a significant decrease of the breakdown product arginine, as arginine 

and glycolysis endproduct pyruvate are converted into octopine. Anaerobic energy 
production, expressed as anaerobic energy equivalents (AEE) was 4 times elevated at 
hypoxia (EH and LH, from 5.6 ± 4.0 to 21.8 ± 6.0 µmol ATP g-1 h-1), whereas total ATP 
production (aerobic and anaerobic) was suppressed by 70%. Under EH 44% of ATP 
production was anaerobic primarily due to energy reserve depletion (31%) and increased 
to 65.5% at LH with 40% resulting from fermentative pathways. The transition from EH 
(energy reserve depletion) to LH (fermentation) was accompanied by a tremendous 
change in activity, namely from steady swimming to a lethargic mode, which allows this 
squid to withstand the harsh OMZ conditions for several hours.
 
 
KEYWORDS: hypoxia; metabolic suppression; jumbo squids 
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P12 - HYPOXIA TOLERANCE AND ANTIOXIDANT DEFENSE SYSTEM OF JUMBO 
SQUIDS IN OXYGEN MINIMUM ZONES
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Jumbo squid (Dosidicus gigas) is a large oceanic squid endemic off the Eastern Tropical 
Pacific that undertakes diel vertical migrations into mesopelagic oxygen minimum zones 

(OMZ). One of the expected physiological effects of such migration is the generation 
of reactive oxygen species (ROS) at the surface, promoted by the transition between 

hypoxia and reoxygenation states. The aim of this study was to investigate the energy 
expenditure rates and the antioxidant stress strategies of juvenile D. gigas under 
normoxia and hypoxia, namely by quantifying the: i) oxygen consumption rates, ii) 

antioxidant enzyme activities , including superoxide dismutase (SOD), catalase (CAT) 
and glutathione-S-transferase (GST), iii) heat shock protein response (Hsp70/Hsc70), 
and iv) lipid peroxidation (malondialdehyde levels, MDA). A high significant decrease 

in squid’s metabolic rates was observed (68%, p<0.05) during hypoxia. This metabolic 

suppression was followed by a significant increase in Hsp70/Hsc70 expression (p<0.05), 

which may be interpreted as a strategy to prevent post-hypoxic oxidative damage during 
the squid’s night upwards migration to the surface ocean. In normoxia, the higher SOD 
and CAT activities seemed to be a strategy to cope with the reoxygenation process, and 
may constitute an integrated stress response at shallower depths. On the other hand, 
GST activity and MDA concentrations did not change significantly from normoxia to 

hypoxia (p>0.05), with the latter indicating similar lipid peroxidation (i.e. cellular damage) 
at the surface. The understanding of the physiological strategies that are linked to oxygen 
deprivation and reoxygenation (e.g. metabolic suppression and preparation for oxidative 
stress), may provide valuable information about how this species is quickly responding 
to the impacts of environmental stressors coupled with global climate change.
 
 
KEYWORDS: hypoxia; antioxidant defense; jumbo squids
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P13 - AGE VALIDATION IN Octopus maya BY COUNTING INCREMENTS IN THE 
BEAK SECTIONS OF KNOWN AGE INDIVIDUALS
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The present study was implemented to validate the age by beak growth increments of 
cultivated Octopus maya (Voss and Solis, 1966). We analyzed 40 samples of upper 

and lower beaks of juvenile O. maya of four groups of ages (63, 87, 105 and 122 days) 
with 10 individuals per group. These organisms were grown in the experimental area 
of octopus, Faculty of Sciences of the Universidad Nacional Autónoma de México. To 
carry out the readings of the samples we cut a slice in the rostrum sagittal section of the 
beak (RSS) and encapsulated them in polyester resin. After grounding and polishing, the 

samples were observed and analyzed under a fluorescence microscope (epi-illumination 

UV) by using Image Analysis System. We counted the number of growth increments in 

each jaw´s silice. According to recent validation of Octopus vulgaris beaks (Perales-Raya 

et al., under review), the deposition rate of beak material in RSS gives as a result the 

formation of one increment per day. Using the beaks of the cultivated known age octopus, 
allowed to validate the readings in RSS as a method for determining the absolute age in 

O. maya. Being fed whit a soft diet during their growth, the beak´s erosion was minimal, 
allowing greater reliability in the data and preventing underestimation of daily increment 
counts, as reported in wild individuals of O. vulgaris (Perales-Raya et al., 2010). The 

results showed that the number of increments present in the slices of the 4 groups of 
age, corresponds with the number of days from hatchling, therefore, it was possible to 
validate that a growth increment correspond to a day of life in O. maya.
 
 
KEYWORDS: Beak; Growth increments; Age validation
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P14 - RELATIONSHIP BETWEEN INDIVIDUAL CHARACTERISTICS OF Octopus 
insularis (CEPHALOPODA: OCTOPODIDAE) AND THEIR DIET
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Octopuses are assumed to be generalist feeders, consuming a variety of crustaceans 
and mollusks. But recent studies have shown that animals differ in their prey choice, 
and some becoming specialists. The aim of this study is to analyze some individual 
characteristics of Octopus insularis that may influence prey choice, such as one 

dimension of personality (shy-bold), distance to the nearest den, and octopus size. 
Twenty O. insularis were analyzed in their homes in tide pools on a reef flat in the Atol 

das Rocas, Brazil. The dens were marked, the distances between the nearest neighbors 

were recorded, and the middens remains were collected daily. Octopuses personalities 
were evaluated along the shy-bold continuum, and the animals were ranked on a scale of 
1 (shy) to 5 (bold) points, according to its behavioral responses in three tests (contexts). 
The individual specialization was analyzed by two specialization indices, PSi (Proportion 
of Similarity) and a cutoff percentage of the most consumed prey (>75%). All octopuses 
had a similar diet; the most consumed prey was the small decapoda Xhantodius 
denticulatus (73%). Thus, the PSi were high (>0.7) and indicated no specialists, from 
the cutoff intake (>75%) some specialists emerged. The dens were near (8.6 ± 5.2 m), 
but there was no relationship between specialization and the distance to the nearest 
conspecific, nor with shy and bold octopuses, although differences along the shy-bold 

axis were recorded. The high similarity of prey choices between octopuses, suggests 
that environmental factors such as the high availability of X. denticulatus, and habitat 
homogeneity, were more important than biological factors such as personality, size, and 
distance between dens, in the O. insularis prey choice. Thus, when preferred prey is 
easily available and habitat homogeneous, personality and size may not matter.
 
 
KEYWORDS: Octopus insularis; specialist/generalist; food choice
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P15 - COLOR VISION OF Octopus ocellatus BY LEARNING EXPERIMENT

Kaneshiro A 1; Tsuchiya K 1; Segawa S 1

1 - Tokyo University of Marine Science and Technology

It has long been debated whether cephalopods have color vision. The purpose of this 
study is to examine the possibility of color vision for Octopus ocellatus by learning 
experiment. Octopuses (0.2-18.9 g in wet weight, n = 6) used for the experiments were 
captured in Tokyo Bay and brought up from eggs in the laboratory. Pre-training and 
discrimination experiments carried out in circuit-type water tank. An object of an acrylic 
pipe (30 cm in length, 6 mm in diameter) with a colored paper of 1.5cm at its tip was 
used as a visual training stimulus. The colors of the object were white, blue and gray of 
the same brightness as blue. Live hermit crab was used as a learning reward. In pre-
training, the octopuses were trained to touch the blue object to get rewarded. Then the 
blue object (pre-training 1) or the blue and white objects (pre-training 2) were shown 
at the same time, but octopuses could get the reward only when they touch the blue 
object. This procedure was repeated several times until the octopuses learn that the 
blue object is the positive stimulus. Finally, the discrimination experiment between blue 
object (positive stimulus) and gray object (the same brightness with the blue object as a 
negative stimulus) was conducted for color discrimination. In discrimination experiment 
between blue and gray objects after pre-training 1, the percent of the correct responses 
ranged from 30 to 60, which indicated the octopuses could not discriminate blue from 
gray of the same brightness. On the other hand, in the color discrimination experiment 
between blue and gray after the pre-training 2 with negative stimulus of white object, 
one individual, which could not discriminate blue from gray after pre-training 1, showed 
correct responses at 62.5%, and the other one showed significant discrimination rate at 

75% (binomial test, p<0.05) . Based on these results, there could be a high possibility 

that O. ocellatus discriminates blue from gray of the same brightness.
 
 
KEYWORDS: Octopus ocellatus; color vision; learning
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P16 - CAN PREFERENCE FOR CRABS IN EARLY Octopus maya BE MODIFIED 
THROUGH ASSOCIATIVE LEARNING OR IMPRINTING?

Portela, E. 1; Rosas, C. 2; Simoes, N. 2; Mascaro, M. 2

1 - Posgrado en Ciencias del Mar y Limnologia, UNAM
2 - Universidad Nacional Autonoma de Mexico

Previous studies on cephalopod feeding have suggested that predetermined preference 
for certain prey types can be modified by exposing newly hatched individuals to visual 

or chemical stimuli (imprinting), or by habituating them to feed on prey different from 
those preferred (associative learning). Early juvenile Octopus maya selectively attacked 
crabs even though they had never consumed or been in contact with this or any other 
prey. The aim of our study was to determine whether preference to attack crabs in O. 
maya could be modified by either imprinting or associative learning using palaemonid 

shrimp, a prey octopuses consume readily, but will reject to attack if crabs are available. 
We conducted experiments on the attack response of juvenile octopuses that had been 

either imprinted or had fed only on palaemonids during 16 days after hatching. Imprinting 
was achieved by exposing experimental octopus before, during and throughout 48 h 
after hatching with visual and chemical stimuli from palaemonids. Octopuses were then 
presented with crabs and palaemonids simultaneously and attacks on either prey were 
recorded. Control treatments, where octopuses had to choose between two similar 
alternatives (no choice treatments) were included in order to discriminate between 
preference and passive selection. Results were analysed by means of asymmetrical χ2 

contingency tables. Octopuses imprinted with palaemonids selectively attacked crabs 
when first presented with both alternatives (χ2 = 6.09; p < 0.05). Furthermore, octopuses 

did not modify their feeding behaviour and continued to attack crabs preferentially even 
after having fed only on palaemonids (χ2 = 5.01; p < 0.05). These results suggest that 

preference for crabs in early O. maya has a strong innate component that cannot be 
modified through imprinting or associative learning during the first weeks of life.

 
 
KEYWORDS: feeding behaviour; selection; crabs
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P17 - BODY PATTERNING BEHAVIOR OF THE TROPICAL ARROW SQUID 
Doryteuthis plei: A CAPTIVITY-BASED ETHOGRAM IN THE NORTHERN COAST 
OF SÃO PAULO, BRAZIL

Postuma 1; Gasalla MA 1

1 - Fisheries Ecosystems Laboratory, Department of Biological Oceanography, 

Oceanographic Institute, University of São Paulo

Squid can express several body patterns as well a range of visual signals processed 
mainly by chromatic cells as a result of the action of hormones and neurotransmitters 
on specific structures leading to sensory signals on the skin. The squid Dorytheuthis 
plei inhabits coastal and shelf waters of the South Brazil Bight where behavioral and 
body patterns observations have been rare. Here, the aim of the study was to construct 
an ethogram of sensory signals of D. plei based on observations conducted in the 
University of São Paulo’s coastal laboratories in Ubatuba and São Sebastião (northern 
São Paulo). Forty specimens were monitored and filmed (24-hrs) in three experiments 

during November 2011 (15 days), February (7 days) and March 2012 (14 days) by using 
a Handy-cam. Squid were collected in the near ocean and maintained in 1000–3000 L 
circular tanks either with closed or flow through seawater system. Food was offered ad 
libitium 1–2 times a day comprised frozen or live fish plus live crustaceans whenever 

available. The chromatic and body patterns were described and compared according 
to time budget, gender, and day period (night/day). Overall, a total of 20 chromatic, 9 
postural and 5 locomotors components and body patterns were observed and correlated 
with different behaviors. A preliminary ethogram showed that body patterns can be short-
lived lasting for a few seconds (e.g. white flashes of ~2 s occurred in stress situations), 

or can last for some minutes (e.g. clear body pattern with expression of the dorsal 
iridophore splotches lasting for ~1 min). Most chromatic signals were more frequent 
during the day. Chromatic components were observed in males mostly during mating 
and when expressing agonistic behavior. Females also showed remarkable chromatic 
components, especially when they were mating or spawning in the tanks’ bottom. In 
conclusion, many of the basic types of body patterns already observed for this species 
in the northern hemisphere were observed in our experiments. The number of chromatic 
components described in this ethogram seems to be high compared to other loliginids.
 
 
KEYWORDS: chromatic cells; matting; agonistic behavior
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P18 - PRESENCE-ONLY MODELLING TO INVESTIGATE LARGE-SCALE 
DISTRIBUTION OF Sepia officinalis SPAWNING GROUNDS WITHIN THE ENGLISH 
CHANNEL

Bloor I 1; Marshall C 1; Attrill M 2; Jackson EL 1

1 - The Marine Biological Association of the United Kingdom
2 - Marine Institute, University of Plymouth

Information on the spatial and temporal distribution of spawning grounds is essential for 
both stock assessments and good fisheries management. The common cuttlefish (Sepia 
officinalis) is an important commercial species in the English Channel and in spring, 
sexually mature adult cuttlefish concentrate in shallow coastal areas on both sides of the 

Channel to reproduce and spawn. Whilst the presence of targeted coastal trap fisheries 

has already allowed the identification of broad scale spawning grounds and locations, 

predictive habitat modelling allows the location and scale of these grounds to be identified 

(predicted) independently and at a finer resolution. The aim of this study was to develop 

a distribution model for spawning S. officinalis to predict suitable (potential) spawning 
grounds along coastlines of the English Channel. Maximum entropy (Maxent) modelling 
(a presence-only based modelling approach) was used to relate key environmental 
variables (e.g. bathymetry, water temperature, salinity, chlorophyll, turbidity, bed shear 
stress and sediment) to data of known locations of cuttlefish eggs (a true measure of 

spawning). The results of the model indicate that the attenuation coefficient, which in 

this context represents both turbidity and chlorophyll, and bed shear stress ( a measure 
of the friction of water on the seabed due to the mean tidal current) are the two most 
important variables contributing to the model and thus to determining the presence of 
potential spawning habitat. It is expected that the outputs from such models can be used 
to investigate the applicability of various fisheries management techniques to this stock, 

including the closure of important spawning grounds to fishing.

 
 
KEYWORDS: Modelling; Spawning habitat; Sepia officinalis

 

Cephalopods and the environment



115

Cephalopod International Advisory Council Symposium 2012
27 Oct - 02 Nov 2012 | Majestic Palace Hotel | Florianópolis, Santa Catarina, Brazil

P19 - SUBTIDAL SURVEYS TO INVESTIGATE FINE-SCALE DISTRIBUTION OF 
Sepia officinalis SPAWNING HABITAT WITHIN THE ENGLISH CHANNEL

Bloor I 1; Jackson EL 1; Attrill M 2; Robin JP 3

1 - The Marine Biological Association of the United Kingdom
2 - Marine Institute, University of Plymouth
3 - University of Caen

During the spring, sexually mature adult cuttlefish migrate to shallow coastal waters 

to breed and lay their eggs. These eggs are attached to various benthic structures 
which project from the seabed. Whilst the presence of targeted coastal trap fisheries 

have enabled the description of broad spawning areas for Sepia officinalis within the 
English Channel, the finer scale attributes and locations of these areas, together with 

the patterns of egg laying within them (both spatial and temporal), remain largely 
unknown. To examine spawning patterns and to increase our knowledge of the range 
of habitat structure suitable for S. officinalis spawning, in situ observations of natural 
spawning grounds at study sites along both the English and French coastline of the 
English Channel were undertaken. The study indicates that the range of structures 
and habitats used varies between spawning locations with a larger range of structures 
identified at studied spawning sites in France compared with England. Whilst this wide 

variety in structure use between sites makes it difficult to interpret what (if any) female 

“preference” for spawning structure may exist overall, the predominant use of seagrass 

beds at English spawning sites may indicate a potential spawning habitat preference at 
these sites, which needs to be investigated further. Evidence was also found that many 
spawning areas within the study sites were used repeatedly over multiple years with 
inter-annual variations in the condition of the benthic structures (affected by both natural 
and anthropogenic factors) showing a relationship with the pattern and density of egg 
laying. The identification of key spawning sites and habitats from in situ observations 

provides important information on the suitable spawning habitat for S. officinalis which 
may help to direct potential management strategies for this commercial fisheries species 

into the future.
 
 
KEYWORDS: Sepia officinalis; Spawning habitat; SCUBA surveys
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P20 - EFFECTS OF WATERBORNE FLUOXETINE ON SURVIVAL BEHAVIORS AND 
PHYSIOLOGICAL FUNCTIONS IN YOUNG CUTTLEFISH

Di Poi C. 1; Le Pabic C. 2; Darmaillacq A-S. 1; Koueta N. 2; Bellanger C. 1

1 - Groupe Mémoire et Plasticité comportementale (EA4259)
2 - BioMEA - FRE 3484 CNRS

Recent ecotoxicological studies highlight the increasing presence of pharmaceuticals 

discharged in the aquatic environment. Amongst them is the antidepressant fluoxetine 

(FLX, Prozac®), a selective serotonin reuptake inhibitor (SSRI), primarily indicated 

for depression. There is evidence in many invertebrate species that serotonin plays a 
broad role in diverse functions of the nervous system (e.g. motor control, learning and 
memory) and modulates connectivity of the brain during development. Cephalopods are 
marine molluscs displaying remarkable behavioral and learning abilities controlled by 
a sophisticated centralized nervous system as soon as newly hatched. In particular, 
Sepia officinalis is an interesting species for ecotoxicological studies because 
common cuttlefish are potentially exposed to pharmaceutical pollution in the English 

Channel. Indeed, their early development stages, critical to survival, occur in coastal 
shallow waters where contamination is probably the most important. This study aimed 
to determine the effects of a chronic exposure to the antidepressant fluoxetine on 

fundamental behaviors (locomotion, predatory and defensive behaviors) in the young 
cuttlefish Sepia officinalis. Animals were reared for 30 days from hatching in artificial 

seawater containing environmentally relevant concentrations of dissolved FLX (none, 1 
ng/L or 100 ng/L). Results show weak behavioral effects on newly hatched cuttlefish : 

FLX exposure tends to stimulate locomotor activity and to alter sand-digging efficiency. 

Overall, these results suggest that at current environmental levels, FLX did not lead 
to clear sublethal changes in behavior in juvenile cuttlefish. In parallel, biochemical 

analyses are in progress and will be presented to determine the interference of such 
exposure on nervous system development and both digestive and immune functions. 
These contaminants are nonetheless becoming ubiquitous in the aquatic environment 
and are chronically released which may lead to long-term effects.
 
 
KEYWORDS: pharmaceutical pollution; fluoxetine (SSRI); cuttlefish
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P21 - MULTIDISCIPLINARITY IN CEPHALOPOD RESEARCH: INTEGRATING 
MODELS, SURVEYS, BEHAVIOR, POPULATION DYNAMICS, AND THE FISHERIES 
OF THE TROPICAL ARROW SQUID

Gasalla, MA 1; Postuma, FA 1; Araujo, CC 1; Barcellos, 
DD 1Cintho, CY 1; Katsuragawa, M. 2; Camargo, R 3; Martins, RS 1

1 - Fisheries Ecosystems Laboratory, Oceanographic Institute, University of São Paulo

2 - Icthyoplankton Laboratory, Oceanographic Institute, University of São Paulo
3 - Institute of Astronomy, Geophysics, and Atmospheric Sciences, University of São Paulo 

A multidisciplinary approach have been conducted since 2011 to study the population 
structure, early life stages, reproduction, growth, behavioral patterns, and the fishery of 

the squid Doryteuthis plei off the northern coast of São Paulo in SE Brazil. Field trips 
included oceanographic surveys with biological sampling using the University of São 
Paulo’s RV Veliger II, filming, diving, the maintenance of living specimens, and interviews 

with fishers. Main data collection were undertaken with hand jigs and dip nets using light 

attraction at night, CTD casts, plankton sampling with Bongo nets and underwater video 
footage. Additional data and samples were obtained from the local small-scale fisheries, 

past surveys collections, and from oceanic models. Results obtained thus far indicated 

that mature squid concentrates and spawn in soft bottoms in shallow waters between 
November and March, where they became available to the artisanal fishery which 

operates from small vessels using home-made jigs. Underwater footage made with a 
DropCam plus in shallow water fishing spots along São Sebastião coast revealed, for the 

first time in the southwestern Atlantic, the presence of D. plei egg mops on the seabed. 
Egg pods were recovered in the field and incubated in aquaria, allowing the description of 

egg capsules and advanced embryonic stages. Behavioral body patterns were detected 
for adult squid investigated in tank experiments showing multiple chromatic and postural 
displays, including a remarkable “nuptial dance”. Age and growth studies are currently 

undergoing with an emphasis on juvenile squid. As regarding D. plei paralarvae, plankton 
sampling showed their presence in the study area, with the highest abundance recorded 
in the channel between São Sebastião Island (24°S) and the continent. Paralarvae 
transport has been investigated using a particle-tracking Individual Based Model (IBM) 
coupled to a Princeton Ocean Model (POM) coupled model. First results indicate that the 
continental shelf off São Paulo are very retentive for the “virtual paralarvae” (Lagrangian 

particles) released close to the bottom, with losses to the open sea (> 200 m isobath) 
smaller than the losses to the shore (beached particles). Also, offshore losses present 
a clear seasonal signal, whereas inshore losses area constant year-round. Population 
structure and the human dimension of the fisheries also contribute to the knowledge of 

the species off this peculiar area of SW Atlantic.

 
KEYWORDS: multidisciplinary research; squid population dynamics; behavior
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P22 - CHEMICAL ELEMENTS IN THE ENGLISH CHANNEL CUTTLEFISH (Sepia 
officinalis): DIFFERENCES AMONG COASTAL JUVENILES AND ORIGIN OF 
OFFSHORE RECRUITS

Gras M 1; Caplat C 1; Bloor I 2; Jackson E 2; Robin JP 3

1 - FRE3484 BioMEA - CNRS INEE -Biologie des Mollusques marins et des Ecosystèmes 

Associés, IBFA- Université de Caen Basse-Normandie

2 - Marine Biological Association of the United Kingdom
3 - FRE3484 BioMEA - CNRS INEE -Biologie des Mollusques marins et des Ecosystèmes 

Associés, IBFA- Université de Caen Basse-Normandie

The English Channel cuttlefish (Sepia officinalis) performs large migrations from coastal 
spawning and feeding grounds to offshore wintering areas. Shallow waters hosting early 
life-stages present a wide range of environmental conditions with varying freshwater 
inflow and anthropogenic impacts. Within the EU funded project “CRESH” juvenile 

cuttlefish sampled at three coastal sites (in French and English waters) in 2010 and 

2011 were analysed for trace elements composition using ICP-MS. This method enabled 
to scan a range of chemical elements including most of those mentioned in published 
literature about metals bioaccumulation in Cephalopods. Linear Discriminant Analysis 
revealed site-specific composition. Offshore recruits of the same cohorts sampled in 

the central deep of the English Channel underlined that mixing occurs in the wintering 
grounds, which has implications in the management of this shared resource (fished by 

both French and British fishers).

 
 
KEYWORDS: Sepia officinalis; Chemical elements; Migrations
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P23 - DO DEEP DWELLING SQUID LIVE A LIFE IN THE FAST LANE?

Hoving HJT 1; Robison BH 1

1 - Monterey Bay Aquarium Research Institute

Among the cephalopods, squids dominate the open oceans, where they inhabit depths 
from surface waters to 4735 m. Studies on their growth rates and longevity are biased 
towards relatively few commercially exploited species. These squid exhibit fast growth 
over short life spans of usually 1 year or less. Eggs are spawned in pelagic egg masses 
in a short period at the end of their lives. For the majority of oceanic squid, growth rates 
and life cycle lengths are unknown but aspects of the life cycle (ontogenetic migration 
into colder, food-deprived waters and extended brooding periods at bathypelagic depths) 
suggest that longevities may be increased for deeper dwelling species. Here we present 
the results of our investigations of statolith increment validations and age and growth 
rate estimations of the mesopelagic squids Galiteuthis phyllura, Chiroteuthis calyx and 
Octopoteuthis deletron from the Monterey Submarine Canyon. Individuals were captured 
by Remotely Operated Vehicles and kept alive in the lab for up to 14 days. By exposing 

squid to various concentrations of tetracycline, which rendered a visible mark in the 
statoliths, we validated statolith increment deposition to be daily for all three species. 
Quantifying the number of increments in the statoliths from individuals of a wide size 
range resulted in growth curves that were best fitted by exponential curves. Obtained 

growth rates were 0.85 % BM/day for C. calyx, 1.2 % BM/day for G. phyllura and 0.68 
% BM/day for O. deletron. The maximum age measured for C. calyx was 520 days (a 
maturing female), for O. deletron it was 723 days (a maturing female) and 320 days for 
G. phyllura (a juvenile). The growth rates found for the three species of mesopelagic 
squid are the lowest obtained for any squid to date. The longevities of maturing O. 
deletron and C. calyx suggest that maturity is reached at an age of at least 2 years. The 
fact that G. phyllura and C. calyx have synchronous ovulation, suggest that they brood 
their eggs, which would further increase their longevity. We show that the life cycle length 

of some deep living squid is not in continuum with the general idea of squid living a life 
in the fast lane.
 
 
KEYWORDS: Deep-sea squids; Age and growth; life history strategy
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P24 - DISTRIBUTION OF OCTOPODS ON THE SHELF OF SOUTH GEORGIA 
(UNDERWATER CAMERA, SCUBA DIVING, AND TRAWL SAMPLES)

Laptikhovsky V 1; Barnes DKA 2; Brewin P 3

1 - Falkland Islands Government Fisheries Department

2 - British Antarctic Survey
3 - Shallow Marine Survey Group

South Georgia is the most speciose region of the Southern Ocean with high levels of 
endemism amongst some phyla. However, only two octopod species are known from 
its shelf: Pareledone turqueti and Adelieledone polymorpha. Their distribution among 
different shelf habitats was studied onboard RV James Clark Ross (November 2011). 

Biological samples were collected using Agassiz trawl: 3 stations at each of 23 sites. 

Underwater landscapes were recorded using Shallow Underwater Camera System: 6-12 

photos of 0.5m2 per site. A total of 46 scuba dives were done in November 2010 (5-20 m) 
at which time collection of the bottom fauna was carried out. The maximum abundance 
of octopods (range 1-8, mean 3.5 per 5 minute haul) was found on tops of terminal 
moraines covered by coarse sand and gravel (17-170 m depth) with diverse ophiuroid 
fauna and numerous crinoids. Those were mostly juvenile A. polymorpha, though some 
adult males and females as well as a single adult P. turqueti were recorded. Eastern 
moraine habitats at the shelf break covered with coarse sand covered with numerous 
urchins Sterechinus antarcticus had moderate abundance of octopods (mean 1.6 per 
haul) including maturing P. turqueti and subadult A. polymopha. Sandy grounds of inner 
and outer shelves with high abundance and diversity of ophiuroids had few juvenile 
octopods of both species (0.6-0.7 per haul). On the muddy bottom of both shelf gullies 
(308-317 m) and of the inner shelf (227-232 m) octopods were rare (mean 0.4 per haul) 
and represented by adult and subadult A. polymorpha. Juvenile P. turqueti was also 
recorded on gravel bottom at 11 m depth while diving.
 
 
KEYWORDS: South Georgia; octopod; habitat
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P25 - ELEVATED SEAWATER PCO2 CONCENTRATIONS AFFECT STATOLITH 
MORPHOLOGY AND REDUCE PREY CAPTURE ABILITY IN EARLY LIFE 
CUTTLEFISH Sepia officinalis

Maneja RH 1; Hu MYA 1; Geffen AJ 2; Melzner F 1; Gutowska MA 1; Clemmesen C 1; 
Piatkowski U 1

1 - Helmholtz Centre for Ocean Research Kiel, GEOMAR
2 - University of Bergen, Department of Biology

Cuttlefish were reared at 15°C and 35 psu in a flow-through artificial seawater system 

under three pCO2 conditions, 700 µatm (control), 1400 µatm, and 4000 µatm during nine 
weeks in summer 2009. Statoliths of both, embryonic and hatchling cuttlefish raised under 

4000 µatm showed a modified morphology and deformed microstructural characteristics 

leading to reduced statolith calcification, whereas those grown under control and 1400 

µatm did not. Statolith morphometrics that showed the most remarkable changes 
were total statolith length, rostrum transects, wing area and statolith weight. Statolith 
microstructure was significantly affected by irregularly arranged statoconia, which were 

typical in the statolith wing area, replacing the highly compact and well arranged crystals 
of rostrum and spur in normal growing statoliths. This abnormal crystal structure can 
have profound effects on statolith density and consequently on its normal functioning 
as a tool for detecting acceleration and movement. At 4000 µatm cuttlefish showed a 

reduced ability to capture prey and were not able to successfully launch attacks against 
prey organisms. In order to certify these observations, a second experiment was 
conducted over 85 days in summer 2010 under natural seawater conditions. Statolith 
morphology and microstructure differed again in the 4000 µatm group. On the other hand, 
prey capture ability of the hatchlings showed recovery in the course of the experiment, 
indicating a possible acclimation.
 
 
KEYWORDS: Sepia officinalis; ocean acidification; statolith morphology
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P26 - MAXIMUM AGE OF THE COMMON OCTOPUS (Octopus vulgaris) IN 
ITS NATURAL HABITAT AND STRESS MARKS BY USING BEAKS OF SPENT 
INDIVIDUALS

Perales-Raya, C. 1; Bartolomé, A. 1; Jurado, a. 1; Duque, V. 1; Carrasco, N. 1; Fraile, E. 1; 
Andrade, J. P. 2  
1 - Instituto Español de Oceanografía. Centro Oceanográfico de Canarias

2 - CCMar-CIMAR, L.A.

A sample of 23 spent individuals of Octopus vulgaris (Cuvier, 1797) caught in the 
Mauritanian waters (NW Africa: 17ºN-21ºN) has been analyzed for ageing, as a first 

attempt to assess and validate the lifespan of the species in its natural habitat, because 
spent individuals are likely much closed to their natural death. We analyzed the beak 

microstructure of 15 spent females and 8 spent males caught from April 2010 to March 
2011, at an approximate depth range of 25-200 m. Total body weight of specimens 
ranged between 499.5 g and 4437.7 g. Recently it has been validated the use of the 

lateral wall surfaces (LWS) of the beaks to estimate absolute ages (1 increment/day), 

and rostrum sagittal sections (RSS) to detect stress marks (checks) due to environmental 

changes. The absolute ages obtained in the beak LWS ranged from 200 to 303 days of 

life from hatching. On the other hand, the width trend of the increments was studied 
on the LWS in order to detect possible relationships with the spawning period. Stress 

checks were observed in RSS of their beaks. Following the daily increments from death, 

we assigned a day of deposition to each check. Daily STT series of the previous months 
were recovered from the NCDC database (National Climatic Data Center-NOAA) for 
the locations where each individual was caught. Some checks visualized in the RSS 

of the beaks were coincident with high daily variations in the SST series. It seems 
that, in addition to other possible factors, the oceanographic changes influence on the 

increments’ deposition process of O. vulgaris beaks.
 
 
KEYWORDS: Octopus vulgaris; Beak microstructure; Age and check deposition
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P27 - POST-MORTEM DRIFT IN AUSTRALIAN CUTTLEFISH BONES: IT‘S EFFECT 
ON THE INTERPRETATION OF SPECIES RANGES

Reid A 1

1 - Australian Museum

Post-mortem drift is a common phenomenon within recent shelled cephalopods 
(Nautilidae, Sepiidae and Spirulidae) and has led to the misinterpretation of geographical 
ranges in some species. In this study, the distributional ranges of reliably identified 

cuttlefish and cuttlebones from the Australian Museum, Museum Victoria, and the 

Northern Territory Art Gallery and Museum collections were compared to determine the 
extent of cuttlebone drift. In over half of the 22 species examined there was clear evidence 
for drift of cuttlebones outside the currently known ranges of the living populations. In 
some cases, this was in the order of hundreds of kilometres. These discrepancies are 
discussed in relation to the known depth ranges of each species, cuttlebone morphology, 
and oceanographic conditions. The results suggest that a cautionary approach should 
be taken in interpreting distributional data, particularly when using electronic databases 
that may be comprised of bone and whole animal locality information.
 
 
KEYWORDS: Sepiidae; cuttlefish; cuttlebones
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P28 - MOLECULAR DETECTION OF Vibrio alginolyticus IN THE RED OCTOPUS, 
Octopus maya

Rodríguez-Canul R 1; Gamboa-Muñoz A 1; Pérez-Campos, RAA 2; Pérez-Vega JA 1; 
Pascual C 3; Aguirre-Macedo M L 4

1 - Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional. 
Laboratorio de Inmunología y Biología Molecular
2 - Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional. 
Laboratorio de Inmunología y Biología Molecular
3 - Universidad Nacional Autónoma de México, Facultad de Ciencias, Unidad Académica Sisal

4 - Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional, 
Unidad Mérida

The red octopus O. maya is highly appreciated in Mexico and overseas. Around 95% 
of the national capture comes from Southern Mexico (Yucatan & Campeche). The EU 

comission and the OIE (Aquatic Animal Health Organization) have provided sanitary 
regulations for the exportation/importation of aquatic products for human consumption, in 
this regard, the microbiological studies on O. maya are scattered in southern Mexico and 
the only evidence for the presence of Vibrio sp. is based on traditional microbiological 

methods. Thus, in this study, we designed and standardized a specifc PCR that amplify 

a specific band in the region of 203 pb from the genome of Vibrio alginolyticus. The test 

was validated using positive controls of Vibrio alginolyticus, V. parahaemolyticus and 
V. cholera in specific culture media (TCBS). The bacteria was identified with the MINI-

API system. Around 123 muscle samples and 110 hemolymph samples were tested by 
microbiology and PCR and 9 samples from muscle were positive to V. alginolyticus by 
PCR. From them only 4 samples were positive by microbiology. The hemolimph samples 

tested negative for both tests. Sequencing of the amplified products had a 100% of 

homology with the original genome of V. alginolyticus. The standardisation of the PCR 

for molecular diagnosis of V. alginolyticus can be useful in fresh and frozen sea products.
 
 
KEYWORDS: Vibrio sp. ; Octopus maya; PCR diagnosis
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P29 - DISTRIBUTION OF ADULTS OF JUMBO SQUID Dosidicus gigas IN RELATION 
TO THE OCEANOGRAPHIC CONDITIONS IN THE PERUVIAN EEZ AND ADJACENT 
WATERS 2007-2012

Yamashiro C 1; Mariátegui L 1; Tafur R 1; Tello E 1; Quispe J 1; Wakabayashi T 2; Kato Y 2; Sakai M 2  
1 - Instituto del Mar del Perú – IMARPE

2 - National Research Institute of Far Seas Fisheries

 
This study analyze the distribution of 522 adults of Dosidicus gigas collected during 
November -December 2007 and December 2011-January 2012 by the R/V Kaiyo 

Maru in the Peruvian EEZ and adjacent Waters from 4° to 16°S, through a cooperative 

agreement between Instituto del Mar del Peru and the Fisheries Agency of Japan. The 
oceanographic variables considered in this study were the temperature, salinity and 
oxygen at the surface and the water column. The specimens catched with hand jigging 
showed a wide range of sizes between 11-112 cm of mantle length. The mature and 
spawning individuals were widely distributed in the study area, the highest concentrations 
of spawning squids were observed in the north and south of the explored area and 
outside from 200 nm offshore associated to Subtropical Surface Water and mixing zones 

with Cold Coastal Waters. This high concentration of spawning squids contributed to 

important recruitments that supported the jumbo squid fishery in Peru, with a catch of 

550 thounsands tons in 2008 and around 240 thousands tons between January and 
June 2012.
 
 
KEYWORDS: Dosidicus gigas; Peru; spawning areas
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P30 - OVERLOOKED CONSUMERS? LONG-FINNED SQUID AS IMPORTANT 
PREDATORS IN THE NORTH SEA

Oesterwind D 1; Piatkowski U 2

1 - Thünen Institute, Institute of Baltic Sea Fisheries

2 - Helmholtz Centre for Ocean Research Kiel, GEOMAR

Cephalopods were sampled during the ICES International Bottom Trawl Survey (IBTS) 
in the North Sea from 2007 to 2010. Relative catch numbers of dominant long-finned 

squids (Alloteuthis subulata and Loligo forbesii) were calculated from all stations of 
the surveys over three years, and spatial interpolations such as deterministic inverse 
distance weighting and geostatistical kriging were applied to estimate the squid stock 
size numbers for the entire North Sea. We estimated that the stock size of A. subulata 
reaches 2500 million animals in winter and 360 million in summer, whereas the stock 
size of L. forbesii reaches 77 million in winter and ca. 80 million in summer. Stomach 
content analysis showed a positive correlation between squid size and prey size, with 
small squid preferring crustaceans while larger squid feed upon fish. We combined the 

total stock size and the results of the stomach content analysis with a bioenergetic model 
to estimate daily consumption rates. A. subulata feeds mainly on fish in summer and on 

crustaceans in winter, with daily consumption rates of fish reaching 361 t in winter (106 

t in summer). For L. forbesii the daily consumption rate of fish is about 133 t in summer 

(295 t in winter). While the fish prey of A. subulata mainly consists of Gobiidae, L. forbesii 
additionally preys upon commercial fish species. We estimated the impact of L. forbesii 
on different fish taxa, especially on the recruitment of major commercial North Sea fish 

species, with L. forbesii taking 0.6% recruits of cod, 0.3% recruits of haddock, and 2.3% 
recruits of whiting per year. The high abundance of squid and their effective predation on 
fish emphasize their significance as important predators in future North Sea ecosystem 

studies.
 
 
KEYWORDS: long-finned squid; North Sea; consumption
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P31 - FOOD AND FEEDING OF Ancistroteuthis linchtensteinii IN THE WESTERN 
MEDITERRANEAN SEA

Rosas-Luis R 1; Sanchez P 1

1 - ICM CSIC

Ancistroteuthis linchtensteinii is not common squid species and its trophic ecology is 
poorly known, nevertheless its importance as prey for others squid, marine mammals 
and even crustaceans has been reported. We analyzed 21 organisms of 8.4-21.9 cm 

mantle length cached by commercial trawls in the Western Mediterranean Sea during 

January- July 2012. The proportion between females and males was 2.5:1, 20 immature 

squids and one maturing. Diet was composed by mesopelagic and micronektonic 
organisms mostly the myctophid Myctophum punctatum, cannibalism and other fish. 

Crustaceans and other mollusks made up another portion of the diet. Stomach content 
analysis elsewhere revealed that Pasiphaea sivado and Pasiphaea multidentata could 
also be major dietary items. According to these results we can infer that A. linchtensteinii 
fed on available preys on the column water and the opportunism is the main factor in its 
feeding behavior.
 
 
KEYWORDS: Ancistroteuthis linchtensteinii; trophic habits; Mediterranean Sea



Cephalopod International Advisory Council Symposium 2012
27 Oct - 02 Nov 2012 | Majestic Palace Hotel | Florianópolis, Santa Catarina, Brazil

128

P32 - TROPHIC IMPACTS AND INTERACTION OF Moroteuthis ingens, Illex 
argentinus and Loligo gahi IN THE ECOSYSTEM OF THE SOUTHWESTERN 
ATLANTIC OCEAN

Rosas-Luis R 1; Sanchez P 1; del Río J. L. 2; Portela J M 3

1 - Instituto de Ciencias del Mar Barcelona
2 - Instituto Español de Oceanografía, Centro Oceanográfico Vigo

3 - Instituto Español de Oceanografía, Centro Oceanográfico de Vigo

The collision between the Brazil and the Falkland currents over the Patagonian Shelf 
near 38ºS, creates an area of biological importance in the Southwestern Atlantic Ocean. 
In this area the fishing activity is developed by fleets from Argentina, Uruguay, Spain, 

Estonia and far eastern countries such as Japan, Korea, Taiwan, etc. As results of the 
fishing activity we could know the components of the ecosystem and we observed that 

Moroteuthis ingens, Illex argentinus and Loligo gahi are the main cephalopod species 
caught by these fleets in the area between 45-52ºS and 60-63ºW. 118 M. ingens, 94 I. 
argentinus and 99 L. gahi squids were cached by the commercial fleet in the area. The 

interval size of these species where between 7-40 cm dorsal longitude mantle DLM, the 
three species where represented in the 19-33 cm DLM size interval resulting in a same 
use of the feeding resources. According to the stomach analysis we observed that a 
major number of M. ingens showed a stomach fullness index of 3 and 4 (60%) while in 
I. argentinus 15% and L. gahi 5%. Main food items were similar in the three species and 
for M. ingens the myctophid group and other cephalopods were the main items and the 
occurrence of this group varied in the other species. These squid species have different 
adaptations that promote variations in feeding behavior and trophic habits so that their 
interaction in the same area can be considered as indicator of a high production in the 
ecosystem.
 
 
KEYWORDS: Moroteuthis ingens; Illex argentinus; Loligo gahi
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P33 - IN VITRO DIGESTIBILITY: STANDARDIZING METHODS USING GASTRIC 
JUICE OF Octopus maya IN THE WAY OF IMPROVE FOODS FOR OCTOPUS 
CULTURE

Aguilar FDM 1; Overa-Novoa M 1; Rosas C 2

1 - Centro de Investigación y de Estudios Avanzados del IPN (CINVESTAV), Unidad 
Mérida
2 - Universidad Nacional Autónoma de México, Facultad de Ciencias, Unidad 

Multidisciplinaria de Docencia e Investigación

In the present study the acidic (AcP) and alkaline (AlP) proteases enzymatic activity 
of gastric juice (GJ) of the octopus Octopus maya was investigated, with the aim to 
standardize a protocol for determining in vitro digestibility (IVD) of commercial ingredients 

for animal feed using a pH-Stat. Ten wild organisms (409 - 1594 g) were dissected and 
enzyme extracts from GJ and DG were obtained individually. AcP enzymatic activity 
varied between 7708 and 25324 international units/mg of protein (IU), while that to AlP 
varied between 4010 and 8252 UI. Three enzymatic activity concentrations (150, 250 
and 500 IU), two temperatures (35 and 40o C) and three pH values (3, 5 and 6) were 
evaluated in the process of standardization of the pH-Stat method. Lyophilized meat 
crab (Callinectes spp) (LMC) was used as a reference protein source for the hydrolysis 
reaction. Four meals made from animal by-products of squid (SBM), tuna (TBM), poultry 
(PBM) and pork (POBM) were tested. Proximal composition was determined in all meals 
and the sample quantity adjusted to 8-3 g of protein/ml of reaction (Ezquerra et al., 
1997). The protein content in the meals was: 84.72% (LMC), 70.59% (SBM), 59.29% 

(TBM), 73.77% (PBM) and 56.09% (POBM). The greatest degree of hydrolysis (DH) 
in LMC was obtained with 150 IU, 40o C and pH 5, with a value of 2.57. This DH was 
considerate as a 100% IVD. IVD values of commercial ingredients were referred as 

a DH percent of LCM: 91.03% (SBM), 63.95% (TBM), 61.18% (POBM) and 53.89% 

(POBM). Results suggest that SBM has a high potential for being used as one of the 

main protein supplies in balanced diets for O. maya, given its high digestibility and high 
protein content. Meanwhile, TBM and PBM could be used in tests with different levels 
of inclusion. In order to establish the real nutritional value of these meals, apparent 
digestibility tests and experiments on live animals are required.
 
 
KEYWORDS: Octopus maya; Enzymatic activity; pH-Stat

Culture
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P34 - EFFECT OF FEMALE DIET ON THE YOLKS CHEMICAL COMPOSITION, 
AND ITS CONSEQUENCES ON EGGS AND EMBRYOS MORPHOLOGY, AND 
HATCHLINGS QUALITY OF Octopus maya

Caamal-Monsreal C. 1; Mascaró, M. 2; Gallardo P 3; Capella, S 4; Noreña-Barroso, E 5; 
Rosas C 2

1 - Unidad Multidisiciplinaria de Docencia e Investigacion Facultad de Ciencias UNAM

2 - Unidad Multidisciplinaria de Docencia e Investigación, Facultad de Ciencias UNAM

3 - Universidad Nacional Autónoma de México
4 - Fac. de Quimica, UNAM

5 - Facultad de Quimica UNAM; 

Octopus maya is a holobenthic species that has been considered a candidate for tropical 
marine aquaculture. In cephalopods reproduction depends of quality and quantity of 
food, being the female nutritional condition a fundamental factor of hatchlings production. 
There are many studies that indicate that lipids and in particular polyunsaturated fatty 
acids (PUFA) are between most important molecules for reproduction of many marine 
species. The aim of this study was directed to know how different types of diets modulate 
the yolks chemical properties and its consequences on morphology of eggs and embryos 
of O. maya. Sixty wild females were divided in four experimental groups that were feed 
with crab (70%), mixed with (1) squid, (2) mussel, and (3) fish head. Diet with 100% 

crab (4) was considered as a control diet. Ten eggs of 6 spawn from each treatment, 
were sampled every 10 days until hatch. Morphometric characteristics of the eggs and 
embryos were determined along the development. Also, PUFA of diets and yolk of 
recently spawned eggs were determined using gas chromatography. To evaluate the 
quality of hatchlings, animals were maintained without food for 10 days. After that time, 
survival was quantified. Polyunsaturated fatty acids levels on diets were between 18 to 

24% of total lipids with low values diet 3 (18%) and high in diet 1 (24%). Intermediate 
values were registered in diet 2 (21%) and (4) (23%). Yolks PUFA levels, were not related 
with ingested diet PUFA levels suggesting that the female biochemical pathway, made 
adjustments to satisfy the nutritional requirement of embryos. It is interesting to note that 
big embryos not necessarily are the most strong juveniles. Quality test showed that the 
strongest juveniles were obtained from females that were feed with crab-squid and crab 
fish-head mix, diets that produced the small embryos. This results suggest that the real 

effect of female diet was not related with the morfometric characteristics of embryos or 
eggs, but with yolk chemical composition that at the end will determine the hatchlings 
quality.

 
 
KEYWORDS: Reproductive conditioning; Octopus maya; embryos
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P35 - UTILIZATION OF AMINO ACIDS DURING FASTING AND RECOVERY PERIODS 
IN Octopus maya JUVENILES FROM YUCATAN, MEXICO

George-Zamora A 1; Caamal-Monsreal C 2; Rosas C 2; Rodriguez S 3

1 - Posgrado Ciencias del Mar y Limnologia. Universidad Nacional Autonoma de Mexico
2 - Facultad de Ciencias. Universidad Nacional Autonoma de Mexico

3 - Facultad de Quimica. Universidad Nacional Autonoma de Mexico

Octopus maya has a high aquaculture potential. As other cephalopods, it has a protein 
metabolism, so their nutritional requirement in protein and amino acids (AA) is high. In the 
present study we tested the effect of fasting conditions and its recovery in the mortality, 
growth, and metabolic reserves (AA) of O. maya juveniles. One hundred and twenty O. 
maya juveniles (30 days old) were individually and randomly distributed in 6 treatments 
(20 organisms each): 2, 4, 6, 8 and 10 fasting days, and a control group (feeding all 

time). After each fasting period, 10 octopuses from each treatment were sampled for 
AA analysis. The remained organisms were fed again during 25 days (recovery period), 
after which the rest of organisms were sampled newly for AA analysis. Every sampling 
time, animals were weighed. After fasting test, specific growth rate (SGR) among 

treatments ranged 3.92 to 4.60%*day-1. During fasting period, SGR was reduced to 

negative values (0.3 to -12.2%day-1), and the recovery period showed values of 2.96 to 
4.44%*day-1, close to initial values. Essential amino acids (EAA) Thr, His, Ile and Val, 

and not essential amino acids (NEAA) Pro and Ser were mobilized during fasting period, 
reducing their concentration 15 to 31% respect to control treatment. In contrast, EAA Arg 
increases the concentration up to 19%, and NEAA Tyr up to 24%. Thr had been reported 
in O. vulgaris as the best substrate for D-lactate formation in tentacle, and Arg has been 
cited as vigorously metabolized in cephalopods and have an important role in anaerobic 
metabolism and stress condition. After the recovery period, all AA concentrations 
returned close to initial values, that is, between 93 and 104% respect to acclimation 
period, except Pro. As reported by George-Zamora, Viana, Rodriguez, Espinoza and 

Rosas (2011), Thr, Ile and Ser were utilized as a source of energy, corroborating the 

hypothesis that suggest that these amino acids are used as a main source energy on this 
species. So, it is possible to propose that Thr, His, Ile, Val and Ser could be used as AA 

of reference for inclusions in formulated diets to meet specific nutritional requirements.

 
 
KEYWORDS: Octopus maya; amino acids; nutrition
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P36 - THE USE OF DIFFERENT ANAESTHETICS AS WELFARE PROMOTERS 
DURING SHORT-TERM MANIPULATION OF EUROPEAN CUTTLEFISH (Sepia 
officinalis) JUVENILES

Gonçalves, R. A. 1; Frias, P. 1; Andrade, J. P. 1; Aragão, C. 1; Sykes, A.V. 1

1 - CCMAR-CIMAR L.A.

Anaesthetics are frequently used to prevent injuries, stress and to promote welfare while 
performing animal handling. The efficiency of five anaesthetics for short-term handling 

of the European cuttlefish (S. officinalis) was tested in order to determine the best 
agent and its concentration. Ethanol (10.0, 20.0 and 30.0 mL.L-1), clove oil (0.5, 0.15 
mL.L-1), hypothermia (8ºC), magnesium chloride (20.0 and 27.0 g.L-1) and AQUI-S® 
(54.5µl) were the selected anaesthetics. Anaesthetic procedure was performed in 
85 cuttlefish juveniles with a mean wet weight of 45.69±12.01g, in a 5 L container, 

under hyper-oxygenated seawater (~200%) containing the given anaesthetic dose. 
After achieving induction, cuttlefish were handled for 180 seconds, which consisted 

in a weighing procedure according to a developed CCMAR protocol. Recovery from 

anaesthesia was performed in a tank with flow-through hyper-oxygenated water. All 

these procedures were video recorded and used to, a posteriori, obtain the time frames 
of induction, handling and recovery as well as behaviour analysis during each stage.  
For the analysis of results and taking into account the best welfare practice, we 
established the following criteria to determine the optimum anaesthetic dose: induction 

<600sec and recovery <900sec. Data was used to build a descriptive table of behaviour 

related stages based on all the anaesthetic agents, which was then also used to analyse 
the individual data. Despite the multitude of new anaesthetics developed for marine 
vertebrates, with this work we verified that MgCl2, at 27g.L-1, is still the anaesthetic 
agent to be used in short-term handling of cuttlefish. MgCl2 proved superior in ease of 
application, price, availability, and its minimal distressing effect on animals. 
 
 
KEYWORDS: anesthesia agents; AQUI-S®; 2-phenoxyethanol
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P37 - CHARACTERIZATION OF DEFORMED HATCHLINGS OF Octopus vulgaris 
OBTAINED UNDER CAPTIVITY FROM A SMALL FEMALE (150 G WEIGHT)

Jimenez, P. 1; Sherbakova, A. 2; Riera, D. 3; Felipe, B.C. 1; Sykes, A.V. 4; Rodríguez, 
C. 5; Gonçalves, R. 6; Andrade, J. P. 7; Perales, C. 1; Bartolome, A. 1; Santamaria, F. 1; 
Almansa, E. 1

1 - Instituto Español de Oceanografía. Centro Oceanográfico de Canarias

2 - Departamento de Biología Animal, Facultad de Biología, Universidad de La Laguna 

and Instituto Español de Oceanografía. Centro Oceanográfico de Canarias

3 - Centro de Investigaciones Medioambientales del Atlántico (CIMA SL)

4 - CCMar-CIMAR,L.A.
5 - Departamento de Biología Animal, Facultad de Biología, Universidad de La Laguna

6 - CCMar-CIMAR, L.A.; 7 - CCMar-CIMAR, L.A.

Deformed hatchlings from a small Octopus vulgaris female (150 g weight) in captivity 
were observed. They were characterized by a reduction in numbers of arms (0-7). 
Deformation average percentage was 37.1% of overall spawn (76580 paralarvae), with 
values ranging from 0% at the last spawning day (8th), 25% (6th day) and 100% (1st 
day). A comparative histological study was conducted on deformed and non-deformed 
hatchlings and no deformities were found in the morphology of the different organs, as 
well as in the hard internal structures, such as, beaks. Hatchlings size remained constant 
throughout spawning period (1.48±0.8mm). Lipid composition of hatchlings were 
also compared between both groups (deformed and non-deformed) and no relevant 
differences were found in total lipid content, lipid classes or fatty acid composition that 
could be related to the presence of deformities. Female age was determined to be 300 
days-old, based on the growth rings of beaks. Since this age is considered to be a usual 
spawning age, the presence of deformed hatchlings could be due to the low growth rate 
(150 g) achieved by the female. The latter could be related to nutritional and/or genetic 
factors, affecting the embryonic development or causing the observed deformities.
 
 
KEYWORDS: Octopus vulgaris; Deformed hatchlings; Morphology and lipid composition 
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P38 - FIRST DESCRIPTION OF EGGS AND PARALARVAE OF Octopus insularis 
UNDER CULTURE CONDITIONS

Lenz TM 1; Elias NH 1; Huy JM 1; Leite TS 2; Vidal EAG 1

1 - Centro de Estudos do Mar, Universidade Federal do Paraná (UFPR)

2 - Dept. Oceanografia e Limnologia, Universidade Federal do Rio Grande do Norte

Octopus insularis Leite and Haimovici, 2008 occurs in a wide region of the tropical 
Atlantic, inhabiting shallow waters along the coast and oceanic islands of northeastern 
Brazil, where it is regarded as the main octopus fisheries target. This species was 

recently described, and spawning, eggs and paralarvae are unknown. The objective 
of this study was to describe O. insularis eggs and paralarvae, as well as to estimate 
its fecundity and the duration of the embryonic development under culture conditions. 
Broodstock (3 females and one male) were captured along the coast of Rio Grande 

do Norte State (5°16‘ S, 35°18‘ W) and sent to the Laboratory of Cephalopod Culture - 

UFPR, where they were acclimated in a closed recirculating water system at 26°C and 

32 salinity. The eggs were obtained from two spawning females. One day after spawning 
and one day before the first hatching day, 30 eggs were sampled and their length and 

diameter obtained. Fecundity was estimated by counting the total number of eggs in 3 
clusters of strings (mean number of strings per cluster and mean number of eggs cm-1 
of string were obtained; the approximate length of all strings were measured to estimate 
the total number of eggs spawned per female). Embryonic development lasted from 20 
to 30 days. After hatching, paralarvae were randomly collected from the rearing tanks 
and digital images captured in dorsal, ventral and side views. Fecundity was 84836 
eggs per female and was probably underestimated, as a few egg strings were lost in 
the first days after spawning. The length and width of the eggs in the first day after 

spawning were 2.13±0.06mm and 0.82±0.04mm, respectively, and 2.29±0.06mm and 
0.92±0.03mm at one day before hatching. Newly-hatched paralarvae have 3 suckers per 
arm and mean mantle length of 1.27 ± 0.14mm. The chromatophore pattern is peculiar 
with a total of ~90-111 chromatophores. Dorsally, 20-25 chromatophores were found on 
the mantle (8-11 under the viscera), 9-11 on the head, and 3-4 in a single row on the 
arms. Ventrally, 42-50 chromatophores were distributed on the mantle, 2 large ones on 

the head, 4-5 on the arms, 8 on the funnel and 2-4 on the eyes. These results are of 
potential importance for identifying eggs and paralarvae of Octopus insularis, as well as 
to broaden our knowledge of this species.
 
 
KEYWORDS: Octopus; paralarvae; eggs
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P39 - SURVIVAL OF THE TROPICAL ARROW SQUID Doryteuthis plei (LOLIGINIDAE) 
IN CAPTIVITY: AN EXPERIMENTAL APPROACH IN THE NORTHERN COAST OF 
SÃO PAULO, BRAZIL

Postuma FA 1; Gasalla MA 1

1 - Fisheries Ecosystems Laboratory, Department of Biological Oceanography, 

Oceanographic Institute, University of São Paulo

Forty tropical arrow squid Doryteuthis plei were obtained during the months of November 
2011, February and March 2012 in the northern coast of São Paulo, Brazil. Squid were 
obtained with hand-jigging and from pound nets in areas off the municipality of Ubatuba in 
waters < 12 m, and immediately transported to the laboratory abroad. Three experiments 

(EXP1, EXP2 and EXP3) were conducted with the aid of two circular tanks: a 3000 L 

tank with closed seawater system (T, and a 1000 L flow-through tank (T2), provided with 

gravel and sand substrates. The squid were fed ad libitum twice a day with a variety of 
fish species, squid and crustaceans, either fresh or defrosted. Water quality variables, i.e. 

temperature, salinity and dissolved oxygen were measured daily with a multi-parameter 
probe. The EXP1and EXP3 used closed seawater system and T1 showing a mean daily 
mortality rate of 22.02% (range 0–33%) and 12.03% (range 0¬–37%) respectively. The 
EXP2 used a flow-through seawater system and T2, and had a mean daily mortality rate 

of 21.05% (range 0¬–47%). It is suggested that the high mortality in EXP1 and EXP3 
was caused by poor water quality, plus less appropriate experimental design and squid 
husbandry techniques, including unstable water temperature (variations greater than 2º 
C per day), low oxygen levels (< 5.50 mg L–1), and small swimming space that led to 

stress and absence of the sexual segregation (100% females) in EXP2. However, the 
role of the levels of nitrogenous wastes and improper pH (both despite not measured 
during the experiments) cannot be ruled out. The main identified factors considered 

critical for the survival of captive tropical arrow squid were: (i) the capture by jigging 

(recommended to prevent skin damage), (ii) short transport time from the fishing spot 

to the tanks, (iii) segregation sex during maintenance, in order to reduce the stress 
caused by intraspecific competition, (iv) a good filtration system with good quality water 

management (including the monitoring of those variables not measured in this study), 
(v) enough space for swimming, (vi) the use of sand as substrate in the tank; and finally 

(vii) a good supply of live and fresh food.
 
 
KEYWORDS: maintenance; mortality; captivity, squid, abiotic data
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P40 - EVALUATION OF WEIGHT GAIN OF THE OCTOPUS (Octopus vulgaris) FED 
ON A MONODIET BASED ON MUSSEL Perna perna LIVE AND FROZEN IN THE 
LABORATORY

Reis IMM 1; Teixeira PB 1; Ferreira T 1; Ferreira JF 1; Roumbedakis K. 1; Magalhães ARM 1

1 - UFSC

The commercial fattening octopus Octopus vulgaris is still limited to the use of natural 
food due to lack of efficient artificial diets and that are economically viable. In this 

way, alternative diets based on species available and low cost have been explored. 
In the present study, we evaluated the weight gain in octopus O. vulgaris using fed 
on a monodiet based on Perna perna mussel to be a low cost and easily available 
in cultivation, in southern Brazil. The 06 specimens of O. vulgaris with initial average 
weight of 346.66± g, were kept in two 500L tanks (n= 3) in a recirculation system with a 
flow-type semi-adjusted 0.5L/min-1. There were two separate groups of two diets: group 

1 received live mussels (LM) and group 2, frozen mussels (FM). The food was offered 
once in a day, daily, and the experiment lasted 20 days. Was applied unifactorial ANOVA 

followed by Tukey test according to compare the two diets and statistical analyzes were 
performed in the program Statistica ® 5.1 considering α= 5%. The temperature and 

salinity ranged from 23.0 ± 1.0 °C and 34 ups and 35.8, respectively. The pH varied 
between 7.6 and 9.2 and the dissolved oxygen was always superior to 90% of saturation. 
We observed the regular consumption of both alive and frozen mussels on all days of 

the experiment. The total weight gain was 270± g for the FM diet and 305± g for LM. 
There was no significant difference in weight gain of the octopus, comparing the two 

diets (p=0.09). Regarding the amount of mussels consumed, there was a statistically 

significant difference between the two diets tested (p= 0.01), with a higher consumption 

of frozen mussels in relation to live. It is possible to obtain a weight gain suitable for O. 
vulgaris using only mussel P. perna as live or frozen food for a short period. However, it 
is recommended to offer a larger amount of the mussels in frozen form to the provision 
of mussel alive.
 
 
KEYWORDS: Octopus vulgaris; weight gain; monodiet
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P41 - NUTRITIONAL VALUE OF FISH WASTE SILAGE FOR JUVENILES AND 
ADULTS OF Octopus maya

Rosas C. 1; Villegas G. 1; Caamal C. 1; Mascaro M. 2; Pascual C. 1; Espinosa L.G. 3; 
Martinez R. 1; Lopez K. 4; Rodriguez S. 4; Gonzalez G. 1; Arjona R. 2; Dzib L. 5; 
Cuzon G. 6; Gallardo P. 1

1 - Universidad Nacional Autónoma de Mexico, Facultad de Ciencias, Unidad Academica Sisal
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4 - Universidad Nacional Autónoma de Mexico, Facultad de Quimica, Unidad Academica Sisal

5 - Universidad Nacional Autónoma de México, Facultad de Ciencias, UNAM

6 - IFREMER TAHITI

We present the results obtained from the use of fish waste silage included in diets for 

juvenile and adult red octopus Octopus maya. Silages used were obtained with formic 
acid (88% purity) at a rate of 20 ml / kg of fish waste (Epinephelus morio). Reproductive 

performance was similar in females fed silage with respect to fresh food (squid, crab 
and mussels): averages of spawning (65%), number of clusters (24), although a greater 

number of eggs/cluster (33 and 22 respectively) as well as eggs/female (881 and 
654 respectively). Prior to spawning, females kept with silage had lower weight gain. 
In the case of juveniles, including fish waste silage in the diet has had results both 

in growth and survival similar to those observed with fresh food (crab) at 4 weeks of 
culture (average of 1.6% / day and 90 % respectively). In another experiment of 8 weeks 
of growth observed similar responses in the initial 4 weeks, with growth and survivals 
similar to those observed with fresh food. However, in subsequent weeks, the organisms 
maintained with silage diets have delayed growth and mortality towards the end of the 
e x p e r i m e n t  c o m p a r e d  t o  t h o s e  m a i n t a i n e d  w i t h  f r e s h  f o o d  (SGR of 

0.4%/day and 2.1%/day and survival of 20% and 80% respectively). The results show 
that the fish waste silage produce a beneficial effect on reproductive performance of 
females of O. maya kept in captivity. In the case of juveniles, the inclusion of silage in diets 
produce good growth in the initial stages of the culture. Low growth and survival at the 
end of experiments reported in this study may be due more to the high concentration 
of soluble protein in the diet provided by the silage that may not meet the needs of 
other proteins during the digestive process. Ensiled new and different combinations 
and levels of inclusion with other protein sources are necessary to know the potential 
use in the cultivation of octopus O. maya.
 
KEYWORDS: Octopus maya; silage fish waste; culture octopus
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P42 - IMPLICATIONS OF THE INCLUSION OF CEPHALOPODS IN THE DIRECTIVE 
2010/63/EU

Sykes, A. V. 1; Baptista,F.D. 2; Gonçalves, R. 1; Andrade, J. P. 1

1 - CCMar-CIMAR L.A.; 2 - CCMar-CIMAR L.A

The replacement of the Directive 86/609/EEC on animal welfare by Directive 2010/63/
EU has reinforced the 3 R’s policy (Replacement of animals by alternatives, Reduction 

of number of animals and Refinement of procedures and experimental design). Also, the 

new Directive includes life cephalopods because they presumably are highly specialized 
molluscs that display: a well-developed nervous system, complex behaviours and 

intelligence, excellent vision and tactile ability, and whose complex brains seem to be 
similar to vertebrates’. However, the Directive is not clear about the definition of life 

cephalopods nor reports guidelines for housing, handling, animal supply, anaesthesia, 
analgesia or euthanasia. This might be due to the lack of supportive scientific knowledge 

to date regarding the definitions of stress, pain, and suffering; and of the underlying 

ethical issues. This presentation aims at pointing out some of the author’s concerns about 
the implications of the inclusion of cephalopods in the most recent welfare European 
Directive. Some pro and con arguments are presented by a group of two cephalopod 
aquaculture researchers, an aquaculture fish production technician and a veterinary 

professional, trying to answer questions like: What is stress and acceptable stress? Do 

cephalopods experience stress? What is pain and suffering? Do cephalopods feel pain? 

Do cephalopods suffer? Furthermore, the author’s will present a discussion of cephalopod 
welfare application not only to research but also to production protocols in aquaculture, 
since this group of animals is on the verge for mass production implementation. These 
concerns include the application of anaesthesia, analgesia and euthanasia which will 
be potentially applied on a daily basis, both in the context of research and aquaculture. 
 
 
KEYWORDS: cephalopod welfare legislation; anaesthesia; analgesia
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P43 - LIPID CHARACTERIZATION OF BOTH STARVED AND FED CUTTLEFISH 
(Sepia officinalis, L.) DURING THE FIRST 7 DAYS AFTER HATCHING

Sykes, A. V. 1; Almansa, E. 2; Martin, R. 3; Rodríguez, C. 4; Lorenzo, A. 4; Andrade, J. P. 1

1 - CCMar-CIMAR, L.A.
2 - IEO, Centro Oceanografico de Canárias

3 - University College Cork
4 - Departamento de Biologia Animal, Facultad de Biología, Universidad de La Laguna

This study focus on the characterization of weight, moisture, total lipid, lipid classes (LC) 
and fatty acid (FA) composition of both starved and fed cuttlefish hatchlings, during the 

first 7 days after hatching (DAH). In addition, prey (grass shrimp) lipid composition was 

also determined. At hatching, cuttlefish displayed a lipid content rich in phospholipids 

and cholesterol. FA profile showed high levels of 16:0, 18:0, 20:5 n-3 and 22:6 n-3 

(DHA), and intermediate levels of both 18:1 n-9 and 20:1 n-9. Differences in weight, 

LC and FA started to be noted just as the yolk reserves were exhausted (between 3-5 
DAH). A general drop in most of LC and FA of starved cuttlefish was observed afterwards 

and, after 7 days, starved and fed hatchlings presented different lipid profiles. While 

starved hatchlings partially used or transformed their lipid content, fed hatchlings 
generally increased it. It was remarkable the maintenance of both DHA and 20:4 n-6 

in starved cuttlefish, which suggests the importance of these FA during this period. The 

present results suggest the cuttlefish preferential use of lipids as structural components 

instead as an energy source, in normal feeding conditions, and the ability to switch their 
metabolism under starvation.
 
 
KEYWORDS: Sepia officinalis hatchlings; lipid composition; metabolism and nutrition
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P44 - CUTTLEFISH (Sepia officinalis) CULTURE AT CCMAR: TOWARDS SPECIES 
DIVERSIFICATION IN AQUACULTURE

Sykes, A.V. 1; Aragão, C. 1; Ribeiro, L. 2; Gonçalves, R. 1; Silva, C. 1; Frias, P. 1; Baptista, 
F.D. 1; Reis, D.B. 1; Segovia, I. L. 1; Hubbard, P. 1; Barata, E. 1; Oliveira, C. 1; Andrade, J. P. 1

1 - CCMar-CIMAR, L.A.; 2 - INRB I.P./IPIMAR

The European cuttlefish is cultured for use in biomedical research and for commercial 

purposes. During the last 20-25 years, a great part of research on cuttlefish has focused 

on its use as a new species for aquaculture. The Centre of Marine Sciences (CCMAR) has 

played a major role on aquaculture related technology development since 2000. Currently, 
the team at this centre is coordinating three national funded projects (SEPIAMETA, 
SEPIATECH and SEPIABREED) and is involved in one European project (ASSEMBLE), 

which aims to advance on current bottlenecks and to make this species available to 
other research laboratories. We have been following a multidisciplinary approach to 

develop culture methods taking into account the species biology and ecology, which 
has proven successful. Currently, we are able to culture up to 6 consecutive cuttlefish 

generations. This presentation will give an overview of the existing bottlenecks and the 
work that was carried out recently, and the ongoing and planned research for the next 
years at CCMAR. ASSEMBLE is a project to enhance the captive conditions and the 

existence of cuttlefish stocks for short-stays of researchers at CCMAR. SEPIAMETA has 

the objective of understanding the protein and carbohydrate metabolism on the species. 
SEPIATECH has the objective of studying animal nutrition, reproduction, developing 
prepared diets and testing their use at earthen ponds. Finally, SEPIABREED is focused 

on determining the effects in quality and quantity of variables affecting reproduction 
in captivity, enhancing both fecundity and fertility. Approaches, results and supportive 
lines of research will be discussed in detail regarding their contribution to overcome 
the existing bottlenecks and thereby make considerable progress in the production of 
cuttlefish for commercial purposes. 

 
 
KEYWORDS: Sepia officinalis; Culture; CCMar
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P45 - EARLY WEANING OF CUTTLEFISH (Sepia officinalis, L.) WITH FROZEN 
GRASS SHRIMP (Palaemonetes varians) FROM THE FIRST DAY AFTER HATCHING

Sykes, A.V. 1; Gonçalves, R. 1; Andrade, J. P. 1

1 - CCMar-CIMAR L.A.

The suitability of early weaning cuttlefish using frozen grass shrimp, and its effects on 

growth and mortality was determined in a 50 day experiment. Three food groups were 
used. One group (C) was fed with live prey until 25th DAH and weaned with frozen prey 
until the end of the experiment. In the other two groups, weaning started at the 5th DAH 
(W5) and 1st DAH (W1), also with frozen diet. Significant differences were found between 

C and the remaining treatments (p<0.05) for mean wet weight (MWW), instantaneous 

growth rate (IGR), biomass (B), and mortality at the 25th and the 50th DAH. Despite the 

lower growth (~1/3 of the achieved with live food) and higher mortality (3% obtained by 
C versus 23% in the W1 and W5 groups), C cuttlefish presented a similar weight gain 

tendency to W1 and W5 groups after weaning. This is the first record of early acceptance 

(at the first DAH) of frozen food by cuttlefish hatchlings. These differences could be 

related with digestive enzymes of cuttlefish and prey, changes in nutritional composition 

and amount of captured prey, etc. Future research should also address the effects of this 
early weaning on cuttlefish life cycle.

 
 
KEYWORDS: Sepia officinalis; early weaning; frozen food
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P46 - EFFECTS OF INCREASED TANK BOTTOM AREAS ON CUTTLEFISH (Sepia 
officinalis, L.) REPRODUCTION PERFORMANCE

Sykes, A.V. 1; Pereira, D. 1; Rodríguez, C. 2; Lorenzo, A. 2; Andrade, J. P. 3

1 - CCMar-CIMAR L.A.
2 - Departamento de Biologia Animal, Facultad de Biología, Universidad de La Laguna

3 - CCMar-CIMAR, L.A.

The objective of this research was to determine the effects of using tanks with different 
bottom areas/volumes on the growth and reproduction of the European cuttlefish, S. 
officinalis. A total of 184 juvenile cuttlefish (46.1±20.9g) were used to test replicates of 

9000L (6.67 m2), 750 L (1.54 m2), and 250L (0.79 m2 - control). Growth and reproduction 
data were registered. In addition, egg proximate composition differences were assessed 
by collecting egg samples from each tank. Regarding growth, no statistical differences 

between tank types were found (p>0.05), but total absolute mortality was lower in 9000L 
tanks. As for reproduction, differences were found (p<0.05) between individual tanks for 

mean egg (MEW), male (MW♂) and hatchling (MHW) weights; and egg batch number. 

One of the 9000L tanks displayed the highest overall and individual fecundity (16593 
and 1383 eggs, respectively) and egg viability (~72%) ever obtained in our facilities. 
Differences (p<0.05) regarding egg proximate composition of different tanks were noted. 

Significant (p<0.05) correlations were established between the duration of reproduction 

stage and batch, MEW and MW♀, egg viability and MHW, and MHW and egg ash 

content. The present results might be related to sex ratios, differences in weight between 
♀ and ♂, and/or derived from breeders condition. 

 
 
KEYWORDS: Sepia officinalis; egg proximate composition; fecundity and fertility
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P47 - THE EFFECTS OF LIGHT INTENSITY ON GROWTH AND SURVIVAL OF 
CUTTLEFISH (Sepia officinalis) HATCHLINGS AND JUVENILES

Sykes, A.V. 1; Quintana, D. 2; Andrade, J. P. 1

1 - CCMar-CIMAR, L.A.
2 - IFAPA “Agua del Pino” (Junta de Andalucía)

The effects of three light intensities (100, 350 and 1200 lux) on cuttlefish hatchling 

rearing performance was studied in black tanks. A total of 270 cuttlefish with a mean wet 

weight (MWW) of 0.089±0.012g were used in the experiment, which was undertaken 

during the first 50 days after hatching (hatchling stage plus the transition to the juvenile 

stage). A natural daylight cycle was provided (14L:10D), which corresponded to local 

natural conditions in summer. According to results of the present study, light intensity 
is an important factor for growth and survival consistency in cuttlefish rearing. All 3 light 

intensity groups displayed exponential growth. The effect of days, light intensity and 
their interaction only displayed differences (p<0.05) between light groups in terms of 

mean wet weight. The 100 lux light intensity promoted the best absolute values of total 
biomass and total mortality. We believe that the higher mortality observed in 1200 lux 

reared cuttlefish during the first 10 days after hatching (DAH) was due to light intensity 

and individual adaptation to light conditions. The 100 lux light intensity promoted the 
best absolute values of total biomass and total mortality. Therefore, this 100 lux light 
intensity, obtained with daylight spectrum bulbs, is recommended for cuttlefish rearing 

during the first 50 DAH. This light setup promotes higher growth and survival rates and 

lower energetic costs, which are key aspects to consider in a cuttlefish hatchery.

 
 
KEYWORDS: Sepia officinalis hatchlings; Biomass production; Light intensity
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P48 - THE EFFECTS OF TANK COLOURS ON GROWTH AND SURVIVAL OF 
CUTTLEFISH (Sepia officinalis) HATCHLINGS AND JUVENILES

Sykes, A.V. 1; Domingues, P. M. 2; Márquez, L. 3; Andrade, J. P. 1

1 - CCMar-CIMAR, L.A.
2 - IEO – Centro Oceanográfico de Vigo

3 - IFAPA “Agua del Pino” (Junta de Andalucía)

The effects of different tank colours (white, yellow sandy and black) on growth, mortality 
and biomass production were studied for hatchling and early juvenile cuttlefish. For 

hatchlings, the use of different colour tanks did not promote differences in growth due 
to the higher variability (standard deviation) found in the white and sand coloured tanks. 
Black tanks promoted the lowest and highest values for total mortality and biomass, 
respectively. For juveniles, the use of different tank colours promoted different growth 
(p<0.05), but not mortality. Black tanks promoted the best results in terms of growth 

and biomass. Results obtained in the present study advise the use of black (or dark 

colour) tanks in the hatchling and early juvenile stages to reduce the standard deviations 
associated with growth, mortality and biomass production. This will contribute to minimize 
problems associated to slow and fast growers and competition.
 
 
KEYWORDS: Sepia officinalis; Biomass production; tank colours
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P49 - IDENTIFICATION OF THE ANTIMICROBIAL ACTIVITY FROM Octopus vulgaris 
HAEMOCYTES

Troncone L 1; De Lisa E 1; Polese G 1; Di Cosmo A 1

1 - Department of Structural and Functional Biology, Universiti of Naples Federico II

The marine environment comprises complex ecosystems and many of organisms are 
known to possess bioactive components as a common means of self-defence or for 
the protections of eggs and embryos. Lately, many bioactive compounds have been 
extracted, characterized and purified from various marine animals like tunicates, 

sponges, corals, and molluscs (Rajasekharan et al. 2011). Among cephalopods, the 

only studies involving bioactive peptides with antimicrobial activity (AMPs) are those 
conducted in squids and cuttlefish. They leave their eggs to fend for themselves and 

interestingly they do not get any infections. The eggs release polypeptides, sexual 
pheromones and AMPs trapped in the egg capsule, mainly expressed by female 
accessory sex gland that confers to them an efficient protection against microorganisms. 

Cephalopods, unlike other molluscs, have a closed circulatory system. The blood 
consists of haemolymph, haemocyanin and haemocytes (Novoa et al 2002). In this study 
we have focused the attention on the morphological and functional characterization of 
the haemocytes, from Octopus vulgaris, as the first responsible of the innate immunity. 

Three major haemocytes types were identified by light microscopy (hemoblast-like cells, 

hyalinocytes and granulocytes) based on nucleus/cytoplasm ratio and the presence or 
absence of cytoplasm granules. The haemocytes were cytochemically characterized for 
the presence of different activities responsible of the humoral response (phenoloxidase, 
peroxidise, phagocytosis). We have evaluated the bactericidal activity of haemocytes in 

the presence of different bacteria strains, using the method of the plate radial diffusion 
(Bauer et al 1996). We have also evaluated the activity of a methanolic acid extract of 

these cells, using the disc diffusion method and the minimum inhibitory concentration 
(MIC), in order to investigate the presence of soluble biotic compounds responsible of the 
antibacterial activity. Identifying the bioactive compounds could lead to many applications 
in fields such as halieutics and ecology (sexual pheromones), animal feeding (AMPs in 

pet food and aquaculture pellets), aquaculture and healthcare (AMPs).
 
 
KEYWORDS: Octopus vulgaris; Haemocytes; AMPs
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P50 - SEASONAL SQUID PARALARVAE OCCURRENCE, DISTRIBUTION AND 
ABUNDANCE OFF UBATUBA SHELF, NORTHERN COAST OF SÃO PAULO

Cintho CY 1; Araújo CC 1; Katsuragawa M 1; Gasalla MA 2

1 - Universidade de São Paulo
2 - Fisheries Ecosystems Laboratory, Department of Biological Oceanography, 

Oceanographic Institute, University of São Paulo

Knowledge on cephalopod early life stages is important for the proper management of 
economically and ecologically important cephalopod species since the parental stock 
perishes following spawning and the maintenance and temporal persistence of the adult 
populations rely on the survival of the paralarvae. In spite of this, cephalopod early life 
stages are poorly understood in this region. The present study aims to provide new 
information on the horizontal distribution and abundance of squid paralarvae on the 
continental shelf off Ubatuba (23º20‘S–24º25‘S ). A total of 120 plankton samples obtained 
with oblique hauls using Bongo nets during “Projeto Integrado” (PI) project, which also 

included the collection of oceanographic data (i.e. temperature and salinity) and took 
place during summer and winter months of the 1980s. Squid paralarvae were sorted 
from plankton samples, counted and identified to the lowest possible taxonomic level. 

A total of 121 squid paralarvae was found. During the winter, 67 squid paralarvae were 
obtained. From these, 30 (44.8%) were identified as Loliginidae, 15 as Enoploteuthidae 

(22.4%), 13 as Ommastrephidae (19.4%), 6 as Ancistrocheirius lesueurii (9.0%) 2 as 
Cranchiidae (3.0%) and 1 as Lycoteuthidae (1.5%). In summer, 33 out of the 54 squid 
paralarvae sampled were identified as Enoploteuthidae, representing 61.1% of the 

total caught. From the remaining paralarvae, 9 was identified as Loliginidae (16.7%), 

6 as A. lesueurii (monospecific Family, according Jereb and Roper, 2010) (11.1%) and 

6 as Ommastrephidae (11.1%). Most of the 121 squids were found at depths greater 
than 50 m. The average sea surface temperature and the average sea surface salinity 
during summer was 22.51ºC and 35.45, while during winter was 21.62ºC and 35,12, 
respectively. The highest abundance occurred during summer, when water thermal 
stratification was detected over the study area, coinciding with intrusions of nutrient-rich 

waters which seasonally enhance the biological productivity on this area.
 
 
KEYWORDS: Loliginidae; paralarvae distribution; Ubatuba

Early Life History
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P51 - SPATIAL DISTRIBUTION OF Loligo sanpaulensis PARALARVAE IN SAN 
JOSÉ GULF (PATAGONIA, ARGENTINA)

Crespi-Abril, AC 1; Villanueva Gomila, L 1; Barón, PJ 1

1 - Centro Nacional Patagónico (CONICET)

Coastal regions off northern and central Patagonia are characterized by the presence of 
quasi-permanent productivity fronts that supports a large concentration of top predators 
and highly productive fisheries. San Jose Gulf is not an exception, this gulf presents 

two regions oceanographically different separated by a frontal area. One of these 
region (homogeneous region “HR”) is thermally homogeneous with a high rate of water 

exchange through its mouth with San Matias Gulf, while the other (stratified region “SR”) 

is thermally heterogeneous (vertically stratified) with low rate of water exchange. Based 

on the observation of egg masses attached to the bottom, it was suggested that waters 
San Jose Gulf are used as spawning grounds by Loligo sanpaulensis. However, the 
lack of records on the presence of paralarvae in the gulf is a limitation to ensure that the 
gulf is a suitable spawning ground for the species. In the present work, monthly surveys 
were conducted in five month from October 2011 to March 2012 in San José Gulf to 

capture paralarvae of L. sanpaulensis. Both SR and HR were sampled in each survey. 

The number of plankton hauls varied between surveys: 23 hauls (11 in SR and 12 in 

HG) in October 2011, 16 hauls (6 in SR and 10 in HG) in November 2011, 20 hauls (9 

in SR and 11 in HG) in December 2011, 22 hauls (10 in SR and 12 in HG) in February 

2012, and 18 hauls (10 in SR and 8 in HG) in March 2012. In all cases, plankton samples 

were obtained with a 300 µm-mesh size Hensen net, 70 cm mouth diameter equipped 
with a flowmeter. A total of 17 paralarvae of L. sanpaulensis was captured. Paralarvae 
were obtained in November 2011 and in March 2012. Paralarvae were present in 31% 
of the hauls conducted in November 2011 and 40% of the hauls conducted in March 
2012. In November 2011, the proportion of hauls with presence of paralarvae was 
similar between both regions (~33%), while in March 2012 the proportion of hauls with 
paralarvae was higher in SR (50%) than in HR (25%). This is the first report of paralarvae 

of L. sanpaulensis in waters of San José Gulf. Evidently, the gulf is a suitable habitat for 
embryonic development during austral spring and summer. Paralarvae were found in 
two months of the five sampled, it suggests that individuals spawn in discrete pulses. 

However, this should be taken with caution since only one year was sampled. Paralarvae 
were present in SR and in HR showing no preferences for determined oceanographic 

condition.
 
 
KEYWORDS: Loligo sanpaulensis; coastal waters; San José Gulf
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P52 - DESCRIPTION AND DISTRIBUTION OF Gonatus pyros PARALARVAE FROM 
THE GULF OF CALIFORNIA, MÉXICO

De Silva-Dávila R 1; Hochberg FG 2; Franco-Gordo MC 3; Avendaño-Ibarra R 4; 
Gómez-Gutiérrez J 4; Zepeda-Benitez VY 5

1 - Departamento de Estudios para el Desarrollo Sustentable de la Zona Costera, Centro 
Universitario de la Costa Sur, Universidad de Guadalajara; Departamento de Plancton y 
Ecología Marina, Centro Interdisciplinario de Ciencias Marinas-IPN
2 - Department of Invertebrate Zoology, Santa Barbara Museum of Natural History
3 - Departamento de Estudios para el Desarrollo Sustentable de la Zona Costera, Centro 
Universitario de la Costa Sur, Universidad de Guadalajara
4 - Departamento de Plancton y Ecología Marina, Centro Interdisciplinario de Ciencias 
Marinas-IPN
5 - Centro de Investigaciones Biológicas del Noroeste A.C.

Cephalopod paralarvae (PL) of the Family Gonatidae were obtained from samples 
collected with oblique Bongo and Meter net (505µm) tows during eight oceanographic 
cruises carried out from 2004 to 2007 in the Gulf of California, México. Temperature 
at 10 m depth was obtained from CTD casts made in each zooplankton station. 
Morphometric indexes, chromatophore patterns, and morphology were analyzed in all 
specimens. The mantle, dorsal and ventral head chromatophore patterns (MCP, DHCP, 
VHCP respectively), the presence of ocular photophores, and the radula, were the most 

important morphological taxonomic characters to identify species of this Family in our 
samples. Two species: Gonatus sp. 1 (7.7 mm ML) and Gonatus sp. 2 (7.2 mm ML) 
were identified at paralarval stage, and the developmental changes of Gonatus pyros 
PL through study of the morphology of 12 specimens (4.7-15.7 mm ML) is described by 
the first time. In G. pyros PL allometric growth was observed. Eye diameter remained 
relatively constant, and mantle width and tentacle length decreased while fins and 

arms II tended to increase with size. The MCP was consistent throughout development 
with an increasing trend in chromatophore numbers with size. The DHCP and VHCP 

were conservative and species specific taxonomic criteria throughout its development. 

Large ocular photophores (one inner at each eye) were observed at 8.7-15.7 mm ML 
specimens. Consistent chromatophore patterns through development and ocular 
photophores indicated these specimens belong to G. pyros whose adults are, to the 
date, the only gonatid species to have ocular photophores in the Family. The PL of 

G. pyros were collected only during the coldest months of January and March 
(15.0°-18.5° C and 19.2°-22.8° C, respectively) although cruises in the Gulf 
of California were also conducted in the months of May, July, September and 
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November. The PL were distributed mostly in the deepest central sampling stations 
of the Gulf, from south of the Great Islands Archipelago to the mouth of the Gulf. Its 
presence inside the Gulf of California represents a range extension for the species, 
previously recorded at its southern zoogeographic limit at 32°N, off the west coast of the 
Baja California Peninsula.
 
 
KEYWORDS: Gonatus pyros paralarvae; Morphological description; Gulf of California, 
México
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P53 - THE EMBRYONIC DEVELOPMENT OF Octopus vulgaris AND O. ocellatus

Isshiki Y 1; Tsuchiya K 1; Kohno H 1; Segawa S 1

1 - Tokyo University of Marine Science of Technology

Descriptions and comparative studies of the embryonic development of Octopus vulgaris 
and O. ocellatus from just after spawning to hatching were conducted. Adult octopuses 
collected from Tokyo Bay, Japan, were transported and maintained in the laboratory until 
spawning. After the female have laid eggs, a part of the egg cluster was removed and 
maintained in a recirculating tank at 25±0.5°C and 34-35‰ in salinity. Morphological 
changes during the embryonic development were observed under a light microscope. 
The diameters of the long axis of the eggs of Octopus vulgaris and O. ocellatus were 
2.4±0.2 and 7.5±0.4 mm, respectively. The developmental period from spawning to 
hatching of O. vulgaris and O. ocellatus were 26±1 days and 51±2 days, respectively. 
Average total length of the hatchlings of O. vulgaris and O. ocellatus were 2.8±0.4 and 
12.7±0.4 mm, respectively. To investigate the embryonic development of both species, 
the descriptions by Naef and Arnold were adopted as a guide, and the developmental 
processes of O. vulgaris and O. ocellatus were described and divided into the same 32 
stages. In the present study, the developmental process of O. vulgaris was basically the 
same as that of O. vulgaris from European waters described by Naef, although several 
new criteria were added in the present study. The embryonic stages of both species 
were categorized into maturation division, cleavage, blastula, gastrula, organogenesis, 
organ-growth and somatic-growth phases. Although the phases from maturation division 
to gastrula and somatic-growth of large-egged O. ocellatus were relatively longer than 
those of small-egged O. vulgaris, the phases of organogenesis and organ-growth 
required relatively the same time in both species. The embryonic development of O. 
vulgaris and O. ocellatus in Japanese waters were described in detail with the same 
developmental criteria and stages, although some embryonic stages differed between 
the two species in relation to the size of the embryo.
 
 
KEYWORDS: Octopus vulgaris; Octopus ocellatus; embryonic development
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P54 - IDENTIFICATION OF THE HATCHING CHECK ON THE STYLETS OF Octopus 
vulgaris

Lourenço S 1; Moreno A 2; Narciso L 1; Rosa R 1; Rocha F 3; González AF 4

1 - Centro de Oceanografia/Guia Marine Lab, Faculty of Sciences of the University of Lisbon

2 - Marine Resources and Sustainability Unit, IPIMAR
3 - Department of Ecology and Animal Biology
4 - Ecobiomar, Instituto de Investigaciones Marinas de Vigo, CSIC

The assessment of age and growth of cephalopod stocks is very important for the 
sustainable management of their fisheries. For Octopus vulgaris the use of direct 
methods to age individuals has proved to be difficult and a time consuming approach. 

Nevertheless, in recent years several authors have successfully validated the daily 
deposition of growth rings in the stylets. In the Octopodidae, the stylets are located in the 
base of the siphon retractor muscle, belonging to the same structure; a chitin reduced 
vestigial shell which splits in two pieces during the embryonic development. Unlike in 
other calcified structures used for ageing, it does not suffer the mineralization process, 

maintaining a flexible structure throughout the life cycle. Accurate ageing methodologies 

depend both of time synchronized increment deposition and the identification of specific 

ontogenic checks. The whole body of known age paralarvae reared in captivity and wild 
newly hatched paralarvae were used to identify the hatching check, which is seen in 
juvenile and adult stylets. A histological approach was used to identify the stylet position 
in the mantle and any growth checks inside the stylet structure. Sagittal sections of the 
paralarvae were stained with Haematoxylin & Eosin and the Goldner-Masson Trichrome 

techniques to enhance the stylet in relation to the other mantle structures. The stylets 
are located dorsally near the posterior end of the mantle, in the insertion of the siphon 
retractor muscles. The stylet diameter is variable and seems to be dependent on the 
incubation temperature, with paralarvae incubated at lower temperatures presenting 
smaller stylet diameters. This procedure allowed for the first time the identification 

and measure of the hatching check on a stylet transversal section, which indicates the 
starting point of daily increment deposition. The hatching check was identified as the first 

dark ring observed counting from the growth center of the stylet, and its radius is also 
variable with the incubation temperature. Our results indicate that the stylet nucleus is 
a much smaller structure than previously though. Therefore, in a section of a juvenile or 
adult stylet, almost its entire surface have increments developed after hatching which 
have to be considered for age assessment.
 
 
KEYWORDS: Octopus vulgaris; stylets; hatching check
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P55 - STRUCTURAL DIFFERENCES IN THE KÖLLIKER’S ORGANS OF Octopus 
vulgaris AND Argonauta nodosa PARALARVAE

Mazzini FS 1; Fávaro LF 2; Donatti L 3; Iglesias J 4; Vidal EAG 1

1 - Centro de Estudos do Mar, Universidade Federal do Paraná

2 - Departamento de Biologia Celular, Universidade Federal do Paraná, Brazil

3 - Departamento de Biologia Celular, Universidade Federal do Paraná

4 - Centro Oceanográfico de Vigo, Instituto Español de Oceanografía ; 

Kölliker’s organs (KO) are abundant structures on the entire body surface of the paralarvae 
of Incirrata octopuses. New KO are formed during the entire planktonic phase of Octopus 
vulgaris and they disappear after settlement. The function of these organs remains 
unknown. With the aim of providing information on these structures, a comparison of the 

KO of Argonauta nodosa and O. vulgaris was carried out. A. nodosa paralarvae were 
collected during plankton surveys conducted between 1986-2010 off southern Brazil 
with Bongo nets (60 cm diameter, 300 µm mesh). O. vulgaris paralarvae were obtained 
through rearing between March 15 and April 19, 2010, and collected at random from 
the rearing tanks on days 0, 4, 7/8, 15/16, 22/23, 29/30 and 35/36 after hatching. Both 
paralarvae were fixed in 4% formaldehyde neutralised in seawater. Using histological 

analysis and scanning electron microscopy (SEM), measurements of the diameters of 
20 closed KO tufts per specimen were obtained randomly from SEM images of 3 A. 
nodosa and 7 O. vulgaris paralarvae. The diameter of each closed tuft was measured 
where it projects through the epidermis surface. Differences in the KO were observed 
within each species and between species. There was a significant decrease in the 

diameter of KO during ontogeny for both species and smaller individuals had thicker KO, 
indicating that KO are more developed and important in early paralarvae. Interestingly, 
the tufts diameter was significantly larger in O. vulgaris (10.2 µm) than in A. nodosa (7.0 
µm) (t-test, t=40.456; p=2.2.10-16), suggesting that coastal octopuses would need more 
KO with thicker tufts than oceanic ones, an indication of environmental adaptation. The 
KO of O. vulgaris older than 16 days were deformed. This was not observed in A. nodosa 
and could be related to damage caused by the culture tanks. The dense distribution of 
KO on the skin of paralarvae indicates that they have a vital function. Therefore, more 
studies comparing the KO of different species and developmental stages are necessary 
to a better understanding of their functional role.
 
 
KEYWORDS: Kölliker’s organs; Octopus; paralarvae
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P56 - LONGFIN INSHORE SQUID (Doryteuthis pealeii) PARALARVAL 
DISTRIBUTIONAL ECOLOGY: DATA GAPS AND NOVEL FIELD STUDIES

Nichols OC 1

1 - School for Marine Science and Technology, University of Massachusetts - Dartmouth

The early life history of cephalopods is poorly understood, particularly the phase 
immediately following hatching. The spatiotemporal dynamics of paralarval dispersal 
are largely unknown. Preliminary results of in situ monitoring of longfin inshore squid 

(Doryteuthis [Loligo] pealeii) embryonic development conducted in Nantucket Sound 
(Massachusetts, USA) support laboratory findings, indicating a predictable relationship 

between water temperature and the duration of embryogenesis. In situ validation 
of laboratory-derived relationships between seawater temperature and embryonic 
development may prove useful for predicting paralarval temporal distribution. Models 
currently applied to marine fishes and invertebrates may be applied to resolve 

questions surrounding paralarval dispersal from spawning areas when combined with 
systematically collected data on spatiotemporal distribution of spawning. However, a 
critical data gap exists regarding vertical distribution of D. pealeii in the time immediately 
following hatching. Laboratory studies and fishermen’s observations suggest that 

positive phototaxis contributes to post-hatching daytime surface-layer distribution in 
nearshore waters. A novel discrete-depth vertical pump sampler, the Squid ParaLArval 
Trap (SPLAT), is being developed to measure vertical distribution of newly hatched 
paralarvae in an inshore shallow-water spawning area.
 
 
KEYWORDS: Doryteuthis pealeii; embryogenesis; larval dispersal
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P57 - PARALARVAE OF Robsonella fontaniana IN SOUTHERN CHILEAN FJORDS

Pardo-Gandarillas MC 1; Peña F 1; Ruiz JF 2; Bustos CA 2; Landaeta MF 3; Ibáñez CM 1

1 - Universidade de Chile, Instituto de Ecología y Biodiversidad (IEB)
2 - Universidad Católica del Norte
3 - Universidad de Valparaíso

Cephalopods are common animals in Chilean waters, however, little information on the 
distribution and abundance of early stages is known. In austral spring seasons of the 
years 2008, 2009 and 2010 we collected zooplankton samples from 3 oceanographic 
cruises (CIMAR 14, CIMAR 15, CIMAR 16) from fjord and channels of southern Chile 

between 46°S – 56°S. Zooplankton sampling was conducted at 124 stations with Bongo 
(60 cm diameter, 300 µm mesh size) and Tucker (1 m2 diameter, 300 µm mesh size) 
trawl nets. The paralarvae were preliminarily identified by morphology and pigment 

pattern. Subsequently, identity was confirmed through analysis of mitochondrial DNA 

(16S rRNA and COIII) compared to the common octopus species from Chile with 

planktonic paralarvae (Octopus mimus, Robsonella fontaniana and Enteroctopus 
megalocyathus) through phylogenetic analyses. We obtained 12 octopus paralarvae in 

2008, 16 specimens in 2009, and 2 specimens in 2010. The paralarvae were caught 
exclusively in areas with higher oceanic influence and were absent in areas with 

greater freshwater discharge and/or ice melting. In particular the southern Chile is 
characterized by geomorphological discontinuity due to fragmentation of the coast south 
of 41°30‘S, where a large freshwater influence estuarine conditions promoting fjord-like 

characteristics. So it‘s not uncommon for cephalopod paralarvae were not present in 
such places as the cephalopods are generally stenohalines. Both morphometric and 
molecular data confirmed that paralarvae belongs to Robsonella fontaniana. Our results 
improve the knowledge on the early stages of this species by confirming their occurrence 

in these high latitudes.
 
 
KEYWORDS: Paralarvae; Chilean fjords; Early stages
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P58 - COMBINING TOOLS TO ALLOW DIRECT STUDIES OF EARLY LIFE STAGES 
OF LOLIGINID SQUID IN THE WILD: THE EPIBENTHIC SLED AND INDIVIDUAL 
DNA BAR-CODING

Robin J.P. 1; Shaw P.W. 2

1 - Université de Caen Basse-Normandie
2 - Aberystwyth University

The English Channel hosts large populations of loliginid squids whose recruitment 
begins in summer (Loligo forbesii) and autumn (Loligo vulgaris). Investigation 
of pre-recruit stages of these squid is hampered by the difficulty to sample 

suitable numbers of early juveniles in the wild, even where the incidence of adult 
breeding aggregations and spawning predicts that they should be abundant.  
Gear trials carried out in the Bay of Seine demonstrate that during daylight squid hatchlings 
concentrate near the sea bed and are more easily sampled with an epibenthic sled 
than with a classical zooplankton net. Summer samples suggest that Loliginid hatchlings 
can occur inshore in shallow waters. However, reliable identification of juvenile squid to 

species was a difficult task, based on hatching size and chromatophore patterns. Two 

independent DNA barcoding assays (a multiplex PCR method and a PCR/RFLP method) 

were developed for species identification of early life stages of the 3 species of loliginid 

squid commonly occurring within the Channel area: Loligo forbesii, L. vulgaris and 
Alloteuthis subulata. All tests were validated with known specimens (adults), then applied 
to morphologically indistinguishable early developmental stages (“paralarvae”) collected 

during epibenthic sled sampling. In the first trial (2008) all 38 larvae were identified as 

L. vulgaris, even though some specimens were tentatively assigned to other species 
using morphological keys. In the second trial (2011) 95 of 96 larvae were identified as 

A. subulata and 1 as L. vulgaris. The DNA-based classification was accepted and the 

morphological keys updated based upon these results. This study highlights the value of 
DNA-based ID methods in cases where morphological species-specific characters are 

lacking or are too variable to be reliable.
 
 
KEYWORDS: DNA barcoding; juvenile squid; epibenthic sled
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P59 - DISTRIBUTION OF PARALARVAL SQUIDS FROM THE FLORIDA CURRENT

Roper C.F. 1; Vecchione M 2; Adams C 3

1 - Smithsonian Museum of Natural History
2 - NMFS National Museum of Natural History

3 - Department of Invertebrate Zoology, National Museum of Natural History

Distribution patterns of 26 paralarval squid species across the continental shelf of Florida 
were examined during a 5 year study. The paralarvae were collected principally during 
daytime with a 333 um mesh, 1 m plankton net with a rigid cod-end bucket, a flow 

meter and a CTD instrument, which recorded conductivity, temperature and depth every 
15 seconds. Seasonal samples (winter, spring, summer, fall) were taken at standard 
two-mile intervals from 2 (coastal) to 26 miles off shore (mid-Florida Current/Gulf 
Stream) of Ft. Pierce Florida. Discrete-depth sample were collected a selected stations 
near-surface, mid-depth and near-bottom. Although most sampling was conducted 
during daytime, limited day/night comparisons were included. Occurrence patterns are 
described in relation to coastal, intermediate, and Florida Current (Gulf Stream) water 
masses by comparing horizontal and vertical squid distribution patterns with distribution 
patterns of in-situ physical-chemical characteristics. Species composition was analyzed 
among stations based on four sampling methods: transect, discrete-depth, drogue, and 

fixed-site techniques. Cross-shelf transects detected species associated with particular 

water masses. Highest species diversity occurred in the Gulf Stream, versus coastal 
and intermediate waters. Discrete-depth sampling partitioned the water column into 
three vertical zones; higher abundance and diversity occurred in the mid-depth zone. 
Some paralarvae migrated from daytime mid-depth and near-bottom waters to surface 
waters at night. Drogue sampling showed daily and annual differences in abundance 
and composition. Mean hydrographic differences on successive tows suggest that a 
surface drogue may not adequately track subsurface water masses. Three-day, fixed-

site oblique sampling found significant daily variability in total abundance.
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P60 - HISTOLOGICAL AND BIOCHEMICAL TOOLS USED TO STUDY THE DIGESTIVE 
GLAND MATURATION IN CUTTLEFISH Sepia officinalis L. EARLY LIFE HISTORY

Safi G. 1; Le Pabic C. 1; Robin J.P. 1; Koueta N. 1

1 - University of Caen

European cuttlefish Sepia officinalis L. lay its eggs in coastal waters and after 
hatching, pre-recruits stays in coastal zones till the autumn migration. The 
aim of this work was to characterize the cuttlefish digestive gland maturation 

after eggs incubation from different spawning sites of the English Channel.  
From 2009 till 2011, experiments with juveniles from 4 English Channel spawning sites 
were reared in the same conditions. Enzymatic assays and histological observations of 
the digestive gland were used to investigate the site impact on cuttlefish physiology. Two 

intracellular digestive enzymes (Cathepsin and acid phosphatase) and two extracellular 
digestive enzymes (Trypsin and alkalin phosphatase) were used for the enzymatic 
assays. Histological studies were made using three approaches. First approach was 
the determination of the digestive gland surface index, second the nucleocytoplasmic 
ratio after hatching and third the evolution of the digestive vesicles “balls” over 35 days 

post-hatching. Enzymatic analyses showed faster maturation of the digestive system in 
some sites compared to others. Histological results revealed significant differences in 

the digestive gland surface index between animals of different sites that could explain 
differences observed at hatching in the digestive system maturation. Furthermore, a 
high increase of the digestive vesicles in the first month of cuttlefish life was observed 

along with a correlation between vesicles number and trends in acid digestive enzymes 
activity. This 3-year survey showed an impact of the different spawning sites on the 
juvenile digestive gland maturation. Differences between sites are due to the environment 
parameters that eggs undergo in each site and to their quality. 
 
 
KEYWORDS: Digestive gland; Sepia officinalis; juveniles
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P61 - FEEDING HABITS OF JUVENILE JAPANESE COMMON SQUID Todarodes 
pacificus: RELATIONSHIP BETWEEN DIET AND ALLOMETRIC GROWTH

Uchikawa K 1; Kidokoro H 1

1 - Japan Sea National Fisheries Research Institute, Fisheries Research Agency

Many marine organisms shift their diet with growth and the shift often coincides with the 
ontogenetic changes in morphology due to their effects on performance. Changes in 
diet and body shape during growth have been broadly reported in many squid species. 
However, few studies have examined the interplay of diet and morphology during 
ontogeny in squid. In this study, ontogenetic dietary shifts in relation to morphological 
change were examined in juvenile T. pacificus (<160mm in mantle length; ML) collected 

in the Sea of Japan. The digestive tract contents of squid were examined under a 
stereomicroscope. Nine morphometric characters were measured to the closest 0.1mm. 
The allometric growth pattern of each character in relation to ML was studied by using 
the logarithmic form of the allometric growth model. Standardized morphometric 
variables (as a proportion of ML) were also plotted against ML to examine the relative 
growth pattern. T. pacificus smaller than 50mm ML fed exclusively on crustaceans such 
as copepods, amphipods and euphausiids, and then shifted to crustaceans and fish at 

50-99mm ML; after reaching 100mm ML, fish were the most important prey items and 

crustaceans became less important. The allometric growth pattern indicated that body 
shape of T. pacificus changed from a rounded to a more streamlined shape, and only 
growth of the fin base length and fin width were positively allometric. The decrease with 

growth in six standardized morphometric variables such as mantle diameter was much 
steeper until 40-60mm ML than in >40-60mm ML. These suggest that the swimming 
performance of T. pacificus changes markedly at around 40-60mm ML, the size at which 
T. pacificus starts to feed on fish. Therefore, the sift of diet is suggested to be closely 

related to the ontogenetic change in swimming performance.
 
 
KEYWORDS: feeding habits; allometric growth; Todarodes pacificus
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P62 - VERTICAL DISTRIBUTION OF Dosidicus gigas PARALARVAE OFF PERU

Wakabayashi T 1; Yamashiro C 2; Mariategui L 2; Tafur R 2; Tsuchiya K 3; Kato Y 1; Sakai M 1

1 - Oceanic Squid Group, National Research Institute of Far Seas Fisheries

2 - Unidad de Investigaciones de Invertebrados Marinos, Instituto del Mar del Peru
3 - Tokyo University of Marine Science and Technology

The diel vertical distribution of jumbo flying squid Dosidicus gigas paralarvae was 
investigated using a Multiple Opening Closing Net and Environmental Sensing System 
(MOCNESS) off Peru during a research cruise of the R/V Kaiyo-Maru in January, 2012. 

Six hauls through eight depth strata (0, 0-10, 10-20, 20-30, 30-40, 40-50, 50-75, 75-
100 m) were performed at three stations. Of the 669 cephalopod paralarvae collected, 
291 were identified as D. gigas using morphological and genetic methods. Their vertical 
distribution differed significantly between day and night; they were abundant at >40 m 

depth during the day and 0-30 m depth at night. Most D. gigas paralarvae occurred at 
17ºC during the day and 23ºC at night. Dorsal mantle lengths ranged from 1.3 to 10.3 
mm and showed no relationship with sampling depth. These results suggest that D. 
gigas paralarvae perform diel vertical migration.
 
 
KEYWORDS: Dosidicus gigas paralarvae; vertical distribution; off Peru
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P63 - EVOLUTION OF REPRODUCTIVE STRATEGIES IN BENTHIC OCTOPUSES

Ibáñez CM 1; Peña F 1; Pardo-Gandarillas MC 1; Méndez MA 1; Poulin E 1

1 - Universidad de Chile

Benthic octopuses exhibit two major reproductive life history strategies: the first is the 

production of few and large eggs resulting in well-developed benthic hatchlings (direct 
development); the second strategy is the production of numerous small eggs resulting in 
free-swimming planktonic hatchlings (indirect development). Here, we infer the evolution 
of reproductive life history traits of benthic octopuses using a robust molecular phylogeny 
of 60 octopus species and phylogenetic comparative methods. For infer the development 
mode we used the bayesian multistates method for reconstruction of ancestral states. 
To test the correlated evolution between traits we used the bayesian phylogenetic 
regression. We found a high probability that indirect development was the ancestral 

state in benthic octopuses. The general pattern is that octopus species from tropical 
and temperate shallow waters have maintained the indirect development strategy while 
most species from deep-sea and cold habitats evolved to the direct development mode. 
We found also evidence of correlated evolution between spermatophore length and 

body size. In contrast, there was no correlated evolution between egg size and body 
size among the octopus species. The evolution pattern (mode) and evolutionary rates 
(tempo) were strongly related to tree topologies and branch lengths, providing evidence 
that evolution of life history traits fit a model of stasis in longer branches and phenotypic 

changes were later and rapid.
 
 
KEYWORDS: Octopodidae; Reproduction; Evolution
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P64 - CONNECTIVITY PATTERNS AND DEMOGRAPHIC HISTORY IN TWO SPECIES 
OF OCTOPUSES INHABITING DIFFERENT BIOGEOGRAPHIC PROVINCES OF 
SOUTH AMERICA

Pardo-Gandarillas MC 1; Méndez MA 2; Poulin E 1

1 - Universidad de Chile, Instituto de Ecología y Biodiversidad (IEB)
2 - Universidad de Chile

Comparative phylogeographic studies have revealed that historical processes, especially 
the Pleistocene glacial-interglacial cycles, can generate latitudinal patterns of genetic 
variation within and between species. The evidence is consistent with highest genetic 
diversity towards the tropics in several terrestrial and marine species, in contrast to 
a loss of diversity toward latitudes affected by glaciations. In this study we compared 
two octopus species Octopus mimus and Enteroctopus megalocyathus with similar life 
histories, but different distribution-ranges affected and not by the glaciation period in 
South America. In this context, we expected a different pattern in genetic diversity and 
demographic history associated with the effects of the last glacial-interglacial cycle. To 
test this prediction, we collected both octopus species along their contrasting distribution 
ranges. We sequenced a fragment of mitochondrial DNA gene Cytochrome Oxidase 

III to estimate the genetic diversity and population structure of both species. Both 
octopus species showed a low genetic diversity and different patterns of connectivity. 
O. mimus in the Humboldt Current System (HCS) does not exhibit genetic structure 
compared with the two populations of E. megalocyathus from the southern tip of South 
America. We detected an ancient population of O. mimus which has shown a slow and 
complex process of demographic expansion since before of the 40000 years ago bp, 
from the Last Glaciation of Pleistocene. Meanwhile E. megalocyathus from latitudes 
directly affected by ice sheet showed signal a population growth recently, later to the 
Last Glacial Maximum (LGM, 10000 years bp). In summary, our results suggest that both 
species have been affected differently by the last glaciations of the late Pleistocene. E. 
megalocyathus have experienced local extinctions on the southwest coast of Patagonia 
by the formation of ice sheet in the LGM, which limited their distributional range toward 
the north latitudes by the Pacific coast, for later back to be recolonized toward the south 

during the Holocene. Meanwhile, the population of O. mimus was affected indirectly by 
oceanographic and climatic changes that happened during several glaciations along the 
HCS long before the LGM. Finally, the maintenance of gene flow in populations of O. 
mimus and E. megalocyathus in their distribution ranges, suggest that it must have been 
influenced by contemporary ocean-atmospheric events.
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P65 - EXPERIMENTAL POT FISHING FOR Octopus insularis OFF RIO GRANDE DO 
NORTE STATE, NORTHEASTERN OF BRAZIL

Andrade LCA 1; Leite TS 1; Barbosa JC 1; Lima FD 1; Oliveira JL 1

1 - Federal University of Rio Grande do Norte 

In the northeastern cost of Brazil, the octopus fisheries are significantly exploited in two 

states, Ceará, where the pot fishery is performed since 2005, and in the Rio Grande do 

Norte (RN), where the fishing is performed by hand with the use of snorkeling, for the 

same lobster fishermen. The main species target throughout the northeastern region is 

the Octopus insularis. The major limitation for snorkeling fishing off RN coast is the low 

water visibility from June to November, which decrease the production, not following the 
demand of the resource. The present study evaluated the use of the trawl of pots to catch 
octopus off the city of Rio do Fogo – RN, with the goal of optimize the catches throughout 

the year. Were constructed 8 trawls, each one with 49 pots, which were posted in 8 

fishing points previously selected, based on the production of fishing artisanal. Were 

performed 19 samples from June 2011 to May 2012, and for each octopus sampled 
were recorded Weigth (Wt), Mantle lenght (ML) and sex. Individuals less than 400g were 

registered and returned to the sea. We calculate the occupancy of the pots monthly 

and the time between caught in relation to the volume caught. It was calculated a 
significant variation of Wt, ML, and the sexual ratio along the months, with the largest 

ML registered throughout September and October, and the highest Wt throughout July 

and October. The occupancy rate of the pots ranged from 4.25% to 20.77%, with an 
average of 8.55%. April and November were the months with more rate of occupation. 
None relationship was observed between the number of days between the catches and 
the volume captured. Based on these experimental results, we considered that the pot 
fishing is viable activity throughout the year, representing an alternative during season 

of low water visibility, and a more conservative fishery, once there is the possibility of 

selectivity of the individuals captured.
 
 
KEYWORDS: Fishing pots; octopus fishery; fishery management
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P66 - Octopus insularis LEITE & HAIMOVICI, 2008, A FAST GROWING AND SHORT 
LIVING TROPICAL OCTOPUS

Batista BB 1; Haimovici M 2; Matthews-Cascon H 1; Madrid RMM 3; Marinho RM 4

1 - Laboratório de Invertebrados Marinhos do Ceará, Universidade Federal do Ceará

2 - Oceanografia, Universidade Federal de Rio Grande

3 - Instituto de Ciências do Mar, Universidade Federal do Ceará

4 - Departamento de Engenharia de Pesca, Universidade Federal do Ceará

Octopus insularis is a large sized octopus that attains over 2000 g and inhabits mostly 
reef and rocky habitats in shallow and warm waters in the western Atlantic Ocean, 
including northeastern Brazil. The growth rate and life expectancy of specimens caught 
by commercial fishing with pots in Itarema, Ceará (2°55‘20”S; 39°54‘46”W) between 

September 2009 and October 2010 were studied by counting lines in the surface of the 
walls of the upper beaks examined with a stereomicroscope and incident light. Overall, 
140 specimens were aged: 80 males with mantle length (ML) between 45 and 160 

mm and total weight (TW) from 81 to 1245 grams; they had between 42 and 176 lines 

and 60 females, between 50 and 160 mm and 60 and 1260 grams with 43 and 187 
lines in their beaks. Mature males had between 47 and 172 lines and females had fully 
developed oocytes, between 90 and 166. Preliminary validation of the daily periodicity 
in the line formations was experimentally done by marking 11 specimens kept in tanks 
with oxytetracycline, with normal feeding, from 7 to 10 days, before sacrifice. Beaks 

examined with ultraviolet light showed an approximate correspondence between the 
number of marks and days. Relative mean daily growth ML ranged from 1,94% to 0,65% 

for males with 50 and 150 growth lines and from 1,86% to 0,62%, for females. Mean daily 
growth in weight of males with 50 and 150 growth lines ranged from 1.45 to 8.89 g/day 
and, for females, from 0.95 to 7.69 g/day. Despite the subestimation of the growing lines 
at the paralarvae stages and young juveniles, observed values suggest that growth of 
O. insularis is substantially faster and the life cycle substantially shorter than for similar 
sized Octopus vulgaris from higher latitudes.
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P67 - DOES THE COMMON OCTOPUS REALLY GET ENTRAPPED?

Borges, T. C. 1; Calixto, P. 1; Sendão, J 1

1 - Centre of Marine Sciences (CCMAR)

In Portugal, the common octopus (Octopus vulgaris) is one of the most relevant species 
for the fishery sector, representing an average of 6 % of the total fishing products landed, 

and 11 % of the total value commercialised. The south coast of Portugal (Algarve) is the 
region of the country where the octopus fishery is most important, representing 30% of 

national landings. The artisanal fishery represents 91% of those landings (DGPA, 2010). 

Most of the fishing gears used for this fishery are pots (“alcatruzes”) and iron-traps 

(“covos”). The iron-trap (“covo”) is a semi-cylindrical shaped fishing gear made of an iron 

frame covered with plastic net, and is based on attraction by the use of different baits, 
depending on the target species. For the octopus fishery the bait used is mostly sardine. 

Due to the bait attraction some people believe that iron-traps attract and entrap mostly 
small specimens. If true the effects for the species can be quite negative, especially if 
the trap is lost at sea (ghost fishing). Therefore, several experiments were mounted to 

see if the octopus gets really entrapped inside the iron-trap, and if not from were does he 
leaves. The results show that the octopus can leave the iron-trap through the “opening 

cone” (the way in) or through the mesh with great success. When he leaves through 

the “opening cone”, the specimens stay under the cone of the “opening”, coming out 

quite quick. When he leaves through the mesh of the net, the specimen go to a corner 

of the iron-trap, puts 2 or 3 arms through the mesh, turning them around and pushing 
himself out of the “covo”, until he leaves completely. This behaviour was repeated more 

than once, and one specimen did it 7 times. The results show that the octopus is able to 
leave the iron-trap whenever he wants, through the “opening cone” or through the mesh 

of the trap net, being the only probable limitation the “beak” (mandibles). Therefore, the 

supposed low selectivity of the iron trap seems not to be a problem for the octopus, since 
if a big size specimen can escape after to be entrapped, a small one can probably do it 
too.
 
 
KEYWORDS: Octopus; Fisheries; Traps
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P68 - RECREATIONAL SQUID JIGGING FISHERY LINKED TO BIOLOGICAL AND 
ENVIRONMENTAL CONDITIONS

Cabanellas-Reboredo M 1; González AF2; Guerra A2

1 - Mediterranean Institute for Advanced Studies (IMEDEA-CSIC-UIB)
2 - Instituto de Investigaciones Marinas (CSIC)

Due to the high socio-economic importance in the Mediterranean, the European squid 
Loligo vulgaris shows one of the highest levels of exploitation by professional fisheries, 

either as target or by-catch. In addition, the European squid is also targeted by a 
substantial recreational fleet. In fact, at Palma Bay (Balearic Islands; Spain), tens to 

hundreds of recreational boats are concentrate at specific grounds (inshore) and during 

the spawning season of this species (seasonally). Moreover, recreational jigging activity 
focuses primarily at sunset. This pattern of fishing effort suggests a possible spatio-

temporal relationship among vulnerability to fishing, squid biology and environmental 

conditions. Towards a sustainable management of this resource, the aim of this study 
is to understand the development of this complex fishing scenario. In this sense, the 

movement patterns of L. vulgaris during the development of this recreational fishery 

were tested using acoustic tracking telemetry. In turn, experimental fishing sessions 

were performed to determine the influence of environmental factors on recreational 

squid catches. The combination of environmental variables that maximised recreational 
catch per unit of effort (cpue) was a low sea surface temperature, a low windspeed, 
low atmospheric pressure and days close to the new moon. Cpue showed a seasonal 
pattern (higher cpue during colder months) overlapping with recreational fishing effort. 

Two alternative hypotheses can explain such a pattern. First, squid could migrate inshore 
during colder months to seek spatio-temporal windows within which the sea temperature 
maximised spawning success. Second, the timing of the seasonal reproductive peak and 
the growth rate of any given cohort would result in a higher percentage of squid whose 
body size was greater than the gear-specific vulnerability threshold during the colder 

months. A specific period of the day, narrowly around sunset, favoured the catches. The 

telemetry results suggested that L. vulgaris performs a differential day-night movement 
pattern. The squid seem to move within a small area during the daytime (spawning and/
or hidden from predator) but it would cover a larger area from sunset to sunrise (foraging 
and feeding). In this sense, higher recreational squid catches obtained at sunset may 
be caused because the squid have already shifted to a more active movement pattern 
characteristic of the nighttime period.
 
 
KEYWORDS: Recreational fishery; Loligo vulgaris; CPUE
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P69 - LIFE-HISTORY, ECOLOGY AND FISHERY OF Sepia officinalis IN THE 
WESTERN MEDITERRANEAN

Keller, S 1; Valls, M 1; Quetglas, A 1

1 - Instituto Español de Oceanografía (IEO), Centro Oceanográfico de Baleares COB

Cephalopods constitute important resources for different Mediterranean fisheries 

such as trawl, artisanal and recreational fleets. Cuttlefish (Sepia officinalis) has been 
caught there from ancient times on and holds an important seasonal artisanal fishery 

in the Balearic Islands (western Mediterranean). This fishery takes advantage of the 

reproductive migration to coastal waters of large, mature individuals, even though the 
species is also taken by bottom trawlers throughout the year. In this study we used 
data from the following sources to analyze different aspects of cuttlefish biology, ecology 

and fishery in the western Mediterranean: 1) monthly biological and size samplings of 

individuals caught by artisanal boats (2007-08); 2) size samplings on board ofcommercial 
bottom trawlers (2001-11); 3) biological and size samplings on spring scientific surveys 

(2001-11); and 4) official fishery statistics from 1965 to the present. The main objectives 

of this study are twofold. First, use all this information to generate a comprehensive 
insight on the life cycle of this species linking ecology and life-history traits to seasonal 
fishery trends. Secondly, analyze interannual variations on landings and the relationship 

with different environmental parameters (e.g. moon, temperature, climatic indices). 
Biological (N=950 individuals) and size frequency samplings were used to estimate 
different species and population parameters such as length-weight relationships, sex-
ratio, population structure and dynamics, gonadosomadic index and fecundity. The vast 
majority of individuals caught by the artisanal fishery between January and July were 

sexually mature, which confirms the reproductive migration to coastal waters during 

spring. The clear seasonal trend observed in cuttlefish landings also tallies with this 

migration, since catches show a marked peak in March-April. Although landings display 
a sawtooth like pattern from 1965 to 2011 with historical maximums in 1991 and 2005, 
there is a general increasing trend with time, especially from mid-1990s.
 
 
KEYWORDS: Life history; Fishery; Environmental effects

 



167

Cephalopod International Advisory Council Symposium 2012
27 Oct - 02 Nov 2012 | Majestic Palace Hotel | Florianópolis, Santa Catarina, Brazil

P70 - IMPACT OF DIFFERENT CONSERVATION AND TRANSFORMATION MODES 
OF CUTTLEFISH, Sepia officinalis, ON ITS FLESH VISUAL AND NUTRITIONAL 
QUALITY

Koueta N. 1; Safi G. 1; Broyer T. 2; Sauve R. 3; Brouzes R. 3

1 - University of Caen
2 - Granvilmer
3 - OPBN

In the English Channel, the cuttlefish exploitation by the French trawlers in spring 

represents 35% of their income. However, conservation mode strategies varied from one 
boat to another. The aim of this study was to identify the impact of some conservation 
modes on the cuttlefish freshness using visual and biochemical analysis. Thirty cuttlefish 

were sampled from different fishing vessels which also employed different conservation 

modes. This sample was evaluated using two approaches. We studied the cuttlefish 

flesh evolution according to its conservation mode on board and also after the factory 

transformation. With all these samples, we looked into the visual quality evolution by 

using the Quality Index Method (QIM) described by Sykes et al. (2007). Then we collected 
some mantle samples for the biochemical analysis such as the biochemical composition 
and the enzyme changes (Cathepsin, trypsin and acid phosphatase). Results obtained 

allowed us to accurately assess the flesh state of degradation according to its conservation 

mode. The QIM scheme has proven its accurate in terms of visual quality evaluation and 
allowed us to pinpoint the animals fishing day along with a good description of the animal 

post mortem evolution. As for the biochemical analysis, it allowed us a better description 
of the enzymes role in the tissue degradation and its impact on the protein and amino 
acids content. Finally, this study on the assessment of the cuttlefish quality according to 

its conservation modes will improve the freshness evaluation made by the professionals 
and a better understanding of the impact of the fishermen techniques used on the final 

product quality. Furthermore, this study allowed us to show the complementarities 
between the visual quality evaluation and the biochemical approach.
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P71 - JUMBO SQUID (Dosidicus gigas) IN SITU TARGET STRENGTH 
MEASUREMENTS IN NORTHWEST MEXICO

Manini-Ramos F 1; Villalobos H 2; Salinas-Zavala CA 1

1 - Centro de Investigaciones Biológicas del Noroeste (CIBNOR)
2 - Centro Interdisciplinario de Ciencias Marinas – I.P.N.

Jumbo squid (Dosidicus gigas) is an important component of the ecosystem in the 
Pacific Ocean, it is distributed from Chile to California where is the target of important 

fisheries within this geographical range. In Mexico the fisheries operate in and outside 

of Gulf of California. The use of acoustic methods to assess jumbo squid abundance 
or behavior studies is limited in comparison with pelagic fish. The relationship between 

squid size (dorsal mantle length, ML) and acoustic Target Strength (TS) is essential to 
convert acoustic abundance indices into biomass. For this species, a previous study in 
the Gulf of California region proposed TS-ML relationships from controlled experiments 
for several frequencies. Given that modern echosounders allow to measure the TS in 
situ, in this study we present a comparison between the predicted TS distribution from 
the existent models which include direct TS measurements. An acoustic survey was 
done in Sebastián Vizcaino Bay, out of Gulf of California, northwest Mexico, in February 

2012. Digital echograms were recorded using an EK60 sounder with two frequencies (38 
and 120 kHz splitbeam transducers) while fishing jumbo squid with jigs; 39 individuals 

were captured and dorsal mantle length (ML) was measured (size range from 49 to 67 
cm). The TS distribution was predicted from the models previously mentioned for both 
frequencies. The digital echograms were scrutinized in order to identify echoes produced 
by squid and the resulting in situ TS distribution compared with the predicted values. 
We found that the models consistently predict larger (between 6 to 11 dB) TS values 

than those measured in situ. We conclude that further work, out the Gulf of California, 

is necessary to refine the jumbo squid TS – ML relationship, in order to apply acoustic 

assessment methods for this species in total fisheries Mexican zones.

 
 
KEYWORDS: acoustics; Pacific Ocean; mantle length
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P72 - EFFECTS OF LIGHT AND JIG COLOR ON THE INDIVIDUAL CATCH OF THE 
TROPICAL ARROW SQUID Dorytheuthis plei IN SÃO PAULO, BRAZIL

Postuma FA 1; Gasalla MA 1

1 - Fisheries Ecosystems Laboratory, Department of Biological Oceanography, 

Oceanographic Institute, University of São Paulo

The effects of light and jig color in the catch of the squid Dorytheutis plei were analyzed 
off the northern coast of São Paulo (SE Brazil). Fourteen experiments were conducted 
during the years 2011 and 2012 using a research vessel to sample squid in traditional 
fishing areas by hand-jigging (using three jig colors: white, green and red) and light 

attraction at night or without light during the day. A total of 16.7 kg were caught during 
the experiments corresponding to 207 squids (109 females and 98 males). The highest 
catches were obtained with the green jig (90 squids and 6.5 kg) mainly at night and 
during the full moon. However, a Generalized Additive Model (GAM) was applied to 
evaluate the correlation between the body weight (BW) and mantle length (ML) of the 

squid (both sexes pooled) caught and a number of variables related to fishing tactics, 

including: (i) use of light attraction at night; (ii) different jig colors; (iii) lunar phase, (iv) 

months and (v) fishing depth (exploratory variable). The GAM model applied to the 

ML showed no statistical significance. Conversely, the model was highly significant in 

relation to BW, indicating significant effects (p<0.01) of lunar phase, light attraction and 

month. In addition, an ANOVA applied to the GAM results showed that fishing depth 

correlated significantly with the BW, whereas jig color did not show a clear statistical 

significance. Based on model‘s results, the present study demonstrates that adult squid 

D. plei were likely attracted to specific lighting conditions (e.g. light attraction, lunar 

phase) in specific months of the year. This should be considered in future decisions on 

planning and management of the artisanal hand-jigging fishery.

 
 
KEYWORDS: jigging techniques; generalized additive model (GAM); biometrical 
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P73 - VALIDATION OF STYLETS, BEAKS AND CRYSTALLINES INCREMENTS AS 
AGEING TOOLS IN Octopus maya (VOSS & SOLÍS, 1966)

Rodríguez-Domínguez A 1; Markaida U 1; Méndez-Loeza I 1; López-Ripoll E 2; Rosas C 2

1 - El Colegio de la Frontera Sur

2 - Unidad Multidisciplinaria de Docencia e Investigación de Sisal

Octopus maya is an endemic species of the Yucatan Peninsula, Mexico. Within the 

fisheries is the third most important species in the country for its commercial value just 

after shrimp and tuna. An important tool for the development of fisheries management is 

age estimation. Hard structures have been used in cephalopods, specially the statoliths, 
however in octopus this method has not been successful for age estimation. Stylets and 
beaks have recently been used in other octopus species with successful results and 
crystallines have been proposed as ageing tools. The aim of this study is to determine 
whether there is a daily deposition rate in the stylets of Octopus maya and to validate 
the periodicity of deposition of the increments in beaks and crystallines of this species 
for age estimations. Wild animals and cultivated animals where stain with tetracycline 

injections. Crystallines were processed by histological techniques and stain with Harry´s 
hematoxylin-eosin stain. In order to observe tetracycline marks, samples were observed 
using a fluorescence microscope. Increments in stylets and beaks correlated with the 

numbers of days elapsed between tetracycline marks. Due to the histological process 
that crystallines passed through tetracycline marks could not be seen in this structures. 
Increments in hard structures of known age octopus were counted and compared with 
the days of life of the organism. All hard structures correlated positively with the age of 
the octopus and hence styllets, beaks and crystallines can be use to determine Octopus 
maya age.
 
 
KEYWORDS: Octopus maya; Increments; Age
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P74 - CEPHALOPODS DISCARD ESTIMATES FROM SPANISH TRAWL FISHING 
FLEETS OPERATING IN THE NORTHEAST ATLANTIC EUROPEAN WATERS (ICES 
AREAS VI, VII, VIIIC, IXA)

Silva, L. 1; Santos, J. 2; Valeiras, J. 2; Salinas, I. 2; Acosta, J. 1; Pérez, N. 3

1 - Instituto Español de Oceanografía, Centro Oceanográfico de Cádiz

2 - Instituto Español de Oceanografía, Centro Oceanográfico de Vigo

3 - Instituto Español de Oceanografía

Annual estimates of cephalopods discarded by the Spanish trawl fleets operating in 

the Northeast Atlantic over the period 2003-2010 are presented by fishing ICES areas. 

Estimations were aggregated from métier to fishing ground level and presented in terms 

of species biomass discarded per trip. A large number of species or taxonomic groups of 
species at three fishing ground studied were found: western Ireland waters and Rockall 

bank (19 species), north Spanish waters (27 species) and south Spanish waters (25 
species). Squid species belonging to the family Ommastrephidae and the Octopodidae 
lesser flying Eledone cirrhosa were the most discarded species in the northern fishing 

grounds; nevertheless, the volume discarded of those species are much higher in ICES 
Sub-area VI-VII than in Divisions VIIIc and IXa north. Low discard values were observed 

in Gulf of Cádiz, (IXa south) with Octopus vulgaris and Eledone moschata being the most 
discarded species. In general terms, estimates showed a decreasing from north to south 
in the fishing grounds. Spatial-temporal patterns of the most discarded species for the 

three Spanish fishing grounds are shown, as well their correlations between discarded 

amounts and technical and environmental variables at haul level.
 
 
KEYWORDS: Cephalopod discards; Spanish trawl fleet; Northeast Atlantic
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P75 - GENE DISCOVERY AND EXPRESSION IN Octopus bimaculoides WITH 
NEXTGEN SEQUENCING

Albertin CB 1; Ye Q 2; Kang S 3; Pungor JR 4; Ragsdale CW 5

1 - Department of Organismal Biology and Anatomy, University of Chicago
2 - University of Science and Technology of China
3 - University of Chicago
4 - Hopkins Marine Station of Stanford University
5 - Department of Neurobiology, University of Chicago

Octopus bimaculoides (California Two-spot Octopus) is an emerging model organism 
for cephalopod biology. It is abundant in the coastal waters of southern California and 
Mexico, and can be cultured in the laboratory through a full life cycle. O. bimaculoides has 
a breeding season lasting much of the year and its large clear eggs (1 cm long), free of 
encasing jelly, make it attractive for embryological studies. Its benthic hatchlings rapidly 
engage in sophisticated behaviors, including predatory feeding, and their actions can be 
manipulated pharmacologically. O. bimaculoides is either a sister group to, or sits within, 
the O. vulgaris species complex, allowing researchers to capitalize on the extensive 
neurobiological findings on O. vulgaris brain, behavior, endocrinology and physiology. 
Here we report initial efforts to develop sequence resources for this species. Using FACS 
to compare the relative DAPI content of O. bimaculoides embryonic cells to those of 
the zebrafish Danio rerio, we estimated the O. bimaculoides haploid genome to be 3.2 
Gb. Given the large size and the likely repeat-rich nature of the genome, assembly and 
annotation will benefit from transcriptome data. We carried out RNAseq using the SOLiD 

5500xl platform and obtained 110 million 50bp reads from stage 5 (Naef, 1928) embryos 
and from adult optic lobes and central brain. Although the SOLiD platform is not ideal for 
use in organisms lacking a well-characterized reference genome, we have nonetheless 
been able to assemble these data de novo using a number of programs, including Trinity 
and Oases. Using BLAST to search these assemblies, we have been able to identify 
a number of nervous system genes of interest including vesicular transporters (vacht, 
vglut, viaat, vmat), neurotransmitter synthetic enzymes (ddc, hdc, tph) and glutamate 
receptors (2 AMPA, 2 NMDA, 4 kainate). We have isolated many of these genes by PCR 

and studied their expression patterns with in situ hybridization, confirming the 

accuracy of the assembly programs. Directed BLAST searches of the stage 5 
assemblies for homeodomain transcription factors yielded over 20 homologs 

Genetics
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of known developmental control genes. We conclude that transcriptome sequencing with 

de novo assembly is an efficient and productive strategy for gene isolation in cephalopod 

tissues in the absence as yet of any reference genome.
 
 
KEYWORDS: neurobiology; embryology; genomics
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P76 - COMPLETE MITOCHONDRIAL DNA DIFFERENTIATION BETWEEN Cistopus 
taiwanicus AND Cistopus chinensis

CHENG R 1; ZHENG X 1; LI Q 1

1 - Ocean University of China

Two new species of Cistopus named C. taiwanicus and C. chinensis were recently 
identified based on the morphological eight mucous pouches set. However, the two 

Cistopus species exhibited distinguishable phenotypic differences, such as overall 
size, arm length and mantle shape. To verify the taxonomical classification of the two 

species, we determined the complete mitochondrial (mt) genomes of C. taiwanicus and 
C. chinensis. The mtDNA length of the C. taiwanicus and C. chinensis was 15793 and 
15706 nucleotides respectively, with 88% sequence identity between each other. Both 
species carry the typical gene set of metazoan mt genomes and have similar gene 
organizations with the other Octopodiformes. However, beside the standard 22 tRNA 

genes, C. chinensis mt genome encoded additional two tRNA genes (tRNA-Phe and 

tRNA-Leu). The predicted amino acid numbers of mt proteins in C. taiwanicus and C. 
chinensis were 3755 and 3750, respectively, which were slightly higher than that of the 
Octopodiformes species. In C. taiwanicus, only 5 proteins coding genes began with the 
standard translation initiation codon ATG and all others used the unorthodox translation 
initiation codon ATA. The proteins used ATG in C. chinensis were also five, but they were 

not completely identical with that of the C. taiwanicus. In addition, there was an unusual 
23 poly-A signal structure in the ATP8 coding region of C. chinensis; whereas the length 
of poly-A structure in C. taiwanicus and other Octopodiformes species was less than 9. 
Overlaps were common between proteins and tRNAs in both of the Cistopus species. 
Specifically, there were 19 overlaps in C. taiwanicus and 22 overlaps in C. chinensis. 
The LNCR of C. taiwanicus and C. chinensis were 712 and 707 nucleotides respectively, 
without repeated sequences similar with that of O. minor and V. infernalis. Molecular 
phylogenetic analyses based on mt proteins demonstrated C. taiwanicus and C. chinensis 
combined to form a monophyletic group, indicating a close relationship between them. 
Our results demonstrated C. taiwanicus and C. chinensis could be attributed to the same 
genus and the eight mucous pouches set of the webs were important morphological 
characteristics during the process of species identification. Furthermore, the new features 

in C. chinensis revealed high level variations in mt genome of Cistopus, inspiring more 
research to gain understanding to mechanisms underlying gene and genome evolution 
in Cistopus and Octopodiformes.

 
 
KEYWORDS: Cistopus; mitochondrial DNA differentation; molecular phylogeny 
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P77 - EMERGING FRONTIERS OF CEPHALOPOD GENOMICS AND 
NEUROGENOMICS

Moroz LL 1; Kohn AB 2; Citarella M 3; Kokot K 4; Halanych K 4; Polese G 5; Di Cosmo A 5

1 - Whitney Laboratory for Marine Bioscience, Univ. Florida, & 2Dept. Neurosci., Univ. Florida

2 - Whitney Laboratory for Marine Bioscience, Univ. Florida

3 - Whitney Laboratory for Marine Bioscience, Univ. Florida

4 - University of Alabama
5 - Department of Structural and Functional Biology

For more than 70 years cephalopod molluscs have served as powerful model organisms 
for comparative biology and neuroscience in particular. They represent a broad spectrum 
of complexity in their neuronal organizations: from relatively simpler nervous systems in 

Nautilus to one of the most complex brains in the animal kingdom such as in Octopus. 
However, a major limitation in the field has been the lack of genomic information. As the 

initial steps in this direction, we have sequenced neuronal transcriptomes from key model 
cephalopod molluscs Nautilus and Octopus and compared it to neuronal transcriptomes 
of more than dozen gastripod species and the sequenced Aplysia genome. Here, we 
will present a comparative analysis of these genomes and transcriptomes. First, this 
approach allowed us to identify both evolutionarily conserved neuronal genes and 
numerous genomic innovations within the phylum Mollusca including novel genes 
encoding signal molecules such as prohormones and components of developmental 
programs. Molluscs have relatively slow evolving genomes allowing us to reveal numerous 
examples of extensive gene loss and gain across animal phyla (primarily associated with 
immunity, development and neuronal functions). Second, we have implemented several 
novel approaches that allowed us to characterize more than 50 fast and slow evolving 
neuropeptides relevant to locomotory, feeding and defensive neural circuits. However, 
the phylum-scale comparative analysis indicates that neuropeptides are amongst the 
fastest evolving intercellular signal molecules. Third, using our transcriptome data and 
emerging phylogenomic approaches, we also were able to reconstruct the molluscan 
phylogeny and clarify the position of the phylum Cephalopoda as one of the ancient 
molluscan lineages. Combined comparative and proteomic data from molluscs provides 
the unique opportunities to reconstruct of ancestral neuronal lineages, identify cell 
homologies across species and reveal trends in evolution within neural circuits. Finally, 
the established molecular resources and the ability to map gene expression in a diversity 
of species should allow detailed study of the molluscan phylogeny, a new hypothesis will 
be discussed here, and evolution of various biochemical, developmental and neuronal 
systems as well as provide a critical bridge between genes, circuits and behavior in the 
broad evolutionary context.
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P78 - THE ANTARCTIC OSCILLATION INDEX AS A PARAMETER OF Illex argentinus 
POPULATION VARIATION IN SOUTHWEST ATLANTIC WATERS

Chang KY 1; Wang HY 2; Kuo CL 3; Chiu TS 4

1 - Institute of Zoology, department of Life Science, National Taiwan University
2 - Institute of Oceanography, National Taiwan University
3 - Fisheries Research Institute

4 - Institute of Zoology, department of Life Science, National Taiwan University

Using the fishery data of Illex argentinus of Taiwan jigged vessels fishing in the 

Southwest Atlantic waters from 1986 to 2010, we calculated the log-transformed CPUE 
and used it as the index of abundance to see the relationship between I. argentinus 
abundance and environment factors. We found that the log-transformed CPUE had no 

inter-annual interaction. The log-transformed CPUE was negative correlation with sea 
surface temperature (SST) in southern Patagonian shelf where was the main fishing 

area from austral February to April. It also correlated with Antarctic Oscillation (AAO) 
index in December (positive) in current fishing season and previous two years November 

(negative), December (negative), March (positive) and May (positive). No significant 

correlation between log-transformed CPUE and SOI was found within two year time lags. 
Regression model included AAO index in November and March in previous two years 

and SST near the inferred hatching area in July of the previous year and SST in the main 
fishing area in June of the current year as the environmental variables and explained 

around 92% of inter-annual log-transformed CPUE variation. Our result showed that the 
abundance of I. argentinus was mainly affected by environmental factors and the regional 
atmospheric circulation pattern, AAO, would be more important than SOI and with a 
time lag. The regression model and forecast result would be a reference of abundance 
fluctuation before the fishing season and the manager could combine the forecast result, 

scientific research data and real-time catch data to make management decision.
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P79 - MARINE BIOBANK: AN OPPORTUNITY FOR CEPHALOPOD RESEARCH?

González A.F. 1; Pascual S 1; Outeiriño L 2; Vello C 2

1 - IIM-CSIC; 2 - Grupo 3 CH

The aim of a biobank is to provide management tools for traceability and high-quality 
storage of samples to be used in diagnosis, trials and experimental challenges within a 
given project, and has many advantages that improves the quality of the research in a 
long-term basis, saving also funds to be used in the collection of any sample related with 
marine species. The Biobank Solution is a non-profit service that could host a collection 

of any marine sample, organized as a technical unit defined with quality criteria, order 

and destination, ensuring complete traceability of the samples. Another characteristic of 
this solution is the possibility of exchanging samples between researchers, and making 
comparison of results taking into account biological, physical and chemical parameters 
related with the collection of the samples. The Biobank network is composed of a central 
node (Central Biobank) and several sub-Biobanks that are completely interconnected. 
This solution is being constructed considering relevant EU and Member State regulations 
dealing with medical Biobanks and accreditation rules established by International 
Standards for Technological Competence (ISO 17025). Our group is collaborating 
for implementing the first marine biobank solution for marine samples (PARASITE 

Biobank), within the framework of an EU funded project. This solution will incorporate an 
adaptation of well-known available commercial software for medical biobanks (e-BANK). 
The computer interface will include efficient and secure control of user access, sample 

registration, reliable automation and connectivity, the possibility to register the location 
and storage of samples, easy connection between different networks, other Biobanks 
and sample exchange, the possibility to make advanced searches and (where relevant) 
compliance with data protection laws. The possibilities and advantages of a cephalopod 
biobank will be presented and discussed.
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P80 - IDENTIFICATION AND CHARACTERIZATION OF ADEQUATE HABITATS 
FOR SPAWNING AND EARLY STAGES OF DEVELOPMENT OF COMMERCIALLY 
IMPORTANT CEPHALOPODS

Guerra A 1; Graci ME 1; Hernández-Urzera J 1; Morales-Nín B 2; Cabanellas-Reboredo M 3; 
González AF 4

1 - Instituto de Investigaciones Marinas (CSIC)
2 - Instituto Mediterráneo de Estudios Avanzados (CSIC/UIB)

3 - Instituto Mediterráneo de Estudios Avanzados (CSIC/UIB)

4 - Instituto de Investigaciones Marinas

The aim of this presentation is to announce the research project CEFAPARQUES, which 

started in November 2011. The aim of this three years project is the characterization 
and identification of adequate habitats for spawning and early stages of development 

of commercially important cephalopod species, which lay their egg batches in benthic 
substrates. The project developed inside the Islas Atlánticas de Galicia (PNIA) and 
Archipelago de Cabrera (PNAC) National Maritime-Terrestrial Parks, so in two Marine 
Protected Areas (MPAs). The species are: common octopus (Octopus vulgaris), cuttlefish 

(Sepia officinalis) and common squid (Loligo vulgaris). Sampling is being carried out 
with visual census by scuba diving from 5 to 25 m depth. Sampling sites are located 
in transects previously established and delimited according to the different substrates 
present in these areas. Sampling frequency is every two weeks during two years. Main 
hydrographic parameters (depth, sea surface- bottom profile of temperature, salinity, 

fluorescence, oxygen concentration) are collected by CTD. Artificial spawning attractors 

have been located in both parks. The location of spawning areas for the three species, 
the identification of temporal variations within the spawning season for each species, 

as well as the definition of the suitability of the topographic, hydrographic and biological 

conditions for preferential spawning and settlement habitats (the former only for octopus 
and cuttlefish), will be used to elaborate a contingence plan to protect and preserve the 

spawning and early juvenile areas. This is the first time that a similar study is undertaken 

in European waters and affords the management of fisheries according to an ecosystem 

approach. Here we presented preliminary results after nine month of sampling. The web 
page for this project is: http://cefaparques.blogspot.com.es/
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P81 - MORPHOMETRIC SEXUAL DIMORPHISM, SIZE AT MATURITY AND GROWTH 
OF THE SHORTFIN SQUID Illex coindetii IN THE AEGEAN SEA (EASTERN 
MEDITERRANEAN)

Lefkaditou E. 1; Dogramatzi K. 1; Vidoris P. 2; Papaconstantinou C. 1

1 - Hellenic Centre for Marine Research
2 - Fisheries Research Institute, Hellenic Argicultural Organization “DEMETER”, Hellenic 

Ministry of Rural Development and Food

Illex coindetii, is the most abundant squid species in the landings of Greek trawlers. 
Body, beak and sucker morphometric relationships, size at maturity, growth and their 
variation by sex, were investigated, in order to contribute to basic information needed 
for the study of its population dynamics and potential management of its stocks in the 
eastern Mediterranean. The samples used were collected during trawl surveys in the 
north, central and southern Aegean Sea, carried out from 1990 to 1996, as well as, 
from commercial trawlers catches from the north-eastern Aegean Sea in 1992-1993. 
Morphometric measurements were conducted for males and females from the north 
Aegean, with respective dorsal mantle length (DML) ranges 38-183 mm and 35-240 
mm. Discriminant function analyses of morphometric data confirmed sexual dimorphism 

particularly evident in body and sucker dimensions, suggesting most prominent 
differentiation in arms length, fin length, arm-III and tentacle suckers maximum diameter, 

for individuals larger than 90 mm in DML. Estimated sizes at maturity varied with season 
and between geographic areas, ranging from 146-188 mm for females and 116-151 
mm for males. Age and growth rates were studied based on daily increments counts in 
statoliths of 255 specimens, selected so that to cover the whole size range observed 
by sex in each area. Age in both males and females did not exceeded 14 months, 
with largest sizes and ages for both sexes observed in the north Aegean Sea. Sexual 
dimorphism has been shown to be the main source of growth variation among studied 
individuals. Though, significant differences have been also shown between the different 

sampling areas, according to the AICc criterion, with both males and females growing 
faster in the southern and slower in central Aegean Sea, which might be attributed to 
spatial variation of the seawater temperature and richness in nutrients. In contrary to the 
logical justification of observed variation in growth of Illex coindetii between the different 
areas of the Aegean Sea, the considerable discrepancy in its growth rate and longevity 
estimated in different areas of the Mediterranean Sea, might rather be attributed to 
the different interpretation of statolith micro-structure than in environmental variation, 
evidencing the need for an international workshop for the standardization of the followed 
methodology.
 
 
KEYWORDS: Ommastrephidae; sexual dimorphism; daily growth
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P82 - AGE STRUCTURE, GROWTH AND LIFE CYCLES OF THE SQUID Doryteuthis 
plei OFF THE SOUTHERN COAST OF BRAZIL

Perez JAA 1; Aguiar DC 2; Santos JAT 3

1 - Centro de Ciências Tecnológicas da Terra e do Mar, Universidade do Vale do Itajaí

2 - Pé de Pato Pesquisas e Serviços Aquáticos

3 - Caruso Jr. Estudos Ambientais e Engenharia LTDA

The tropical squid Doryteuthis plei concentrate off the coast of Santa Catarina State, 
southern Brazil (25° –29°S), where it sustains important seasonal catches by offshore 
trawling and inshore hand-jigging. Studies based on size structure and maturation 
patterns suggested that the species was annual, with a spawning extending period 
from summer through autumn and winter. This hypothesis was addressed from the 
interpretation of statolith and gladius growth increments of squid caught monthly by 
the trawling fishery in Santa Catarina from May 1995 to March 1997. Age, hatching 

dates and individual gladius growth performances were estimated and correlated with 
temperature and chlorophyll a profiles available at the squid fishing grounds during the 

study period. The analysis of statolith daily increment deposition revealed a 9-10 month 
life span. Back-calculated birth dates indicated that summer and winter spawners hatch 
in the previous autumn-winter and spring-summer periods respectively. Growth was 
accelerated when surface temperatures were high (~26°C) and subsurface biological 
production was increased due to the intrusion of cold and nutrient enriched South 
Atlantic Central Waters. Conversely, growth was reduced in autumn and winter periods 

as surface temperatures declined (~15°C), the water column was homogenized and 
biological production was reduced. Results suggest that the squid population off Brazil 

is composed of within-year overlapping generations that experience variable growth 
conditions as determined by seasonal fluctuations of temperature and food availability.

 
 
KEYWORDS: Doryteuthis plei; statoliths; gladius
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P83 - SPACE-BASED FISHERIES EFFORT ASSESSMENT AND FISHING DRIVERS 
OF POPULATION DEMOGRAPHICS FOR THE SQUID Loligo vulgaris OFF THE 
PORTUGUESE COAST

Pilar-Fonseca T 1; Pereira J 1; Moreno A 1; Afonso-Dias M 2; Campos A 1; Lourenço S 1

1 - INRB/L-IPIMAR

2 - Universidade do Algarve

The ecosystem-based approach in Europe’s Common Fisheries Policy (CFP) switched 
from species to holistic level management to ensure the sustainability of marine activities 
and the protection of species and habitats. However, the European Marine Strategy 
Framework Directive (MSFD) and the need to obtain Good Environmental Status in 
marine waters underlined that the basic knowledge for the establishment of reference 
points (baseline) is often amiss, including information at a species level. Accordingly, it 
is paramount that we can say where species are found, where are the highest fishing 

impacts, and if and how the intensity of this fishing effort may induce demographic change 

pressures. As important predator and prey species, cephalopods are key ecosystem 
components, constituting some of the most important elements to consider for maritime 
space planning and management. In this context, the squid Loligo vulgaris is believed to 
be particularly threatened by the current exploitation patterns of other species, and their 
spatial distribution patterns may already have been changed by current space utilization 
practice, partially hampering the establishment of reference points, and emphasizing 
the importance of analysing historical data. Therefore, a “status-report” of the nation-

wide situation from 2003 was obtained using satellite-based Vessel Monitoring, landings 

and port-side sampling data. Techniques were developed for the determination of target 
species of specific metiers. Three bottom trawling landing profiles (identification of 

fishing trips according to species proportion) were selected, that comprise the largest 

component of the directed fishing effort. Fishing effort is most intense in inshore areas 

of the west Portuguese coast just north of the port of Aveiro, and off the south-facing 
coast of the Algarve between 8 and 9º W. The squid population structure was not uniform 

throughout the fishing areas. Larger squid were found in ICES rectangles 10E0 (north) 

and 2E1 and 3E1 (south). Most juveniles were found in 8E0 (>90% under 16cm), but 
all other western coast rectangles showed large proportions of juveniles relative to the 
south. The differential fishing pressure that took place in each rectangle demonstrates 

the driving demographic pressures on the squid population, which can contribute towards 
the objectives of the CFP and MSFD, namely providing a better spatial planning and 
management in the Atlantic Ocean.
 
 
KEYWORDS: ecosystem; spatial planning; squid
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P84 - CONTRIBUTIONS TO THE UNDERSTANDING ON POPULATION STRUCTURE 
OF THE ARGENTINE SHORTFIN SQUID Illex argentinus CAPTURED IN SOUTHERN 
BRAZIL

Schroeder, R. 1; Schwarz, R 1

1 - Universidade do Vale do Itajaí

The argentine shortfin squid Illex argentinus is spatio-temporally distributed in population 
sub-units along the southwestern Atlantic between 22-54º S. Although the spawning 
areas still uncertain, the most suitable location for spawning and embryonic survival 
would occur in the Brazil Current over the shelf ⁄ slope between 27-36º S from April to 

November. Large-sized squids have been observed in deep fishing grounds during these 

months between 2001 and 2011, while small-sized squid occur along the whole year at 
shelf and slope areas. Age estimates obtained from statoliths evidenced that the fishery 

captured squid with 6 months in average, but ages tended to increase with depth. Some 
large individuals collected at deep fishing grounds presented over 9 months, the older 

ones attained almost one year. Body size increased with depth as well as individuals 
move to shelf-break and slope. Length x weight analysis resulted in two morphotypes 
segregated by depth: one of large individuals with a “longer and slender” form, mainly 

found in slope waters and other group composed by small-sized squid, which tend to be 
more “flatten and robust” occupying shelf and shelf-break environments. Size-dependent 

growth trajectories reconstructed by using the gladius microstructure presented similar 
growth rates in shelf and shelf-break individuals, while the slope group, mainly composed 
by winter/spring spawners, presented more accelerated size-dependent growth and a 
different size-weight relationship. The “flatten and robust” form mainly inhabit the warmer 

environment from shelf and shelf-break, which accelerates the onset of maturation at 
early ages and small sizes resulting in a half year lifespan. The “longer and slender” 

squid in opposite, frequently captured in a colder environment at slope waters from 
May to November, would be a distinct group that invests in somatic growth delaying 
maturation to larger sizes with longer lifespans similar to the individuals from southern 
distribution of species.
 
 
KEYWORDS: Statoliths; Gladius; Size x weight relationship
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P85 - REPRODUCTIVE BIOLOGY OF THE OCTOPUS Eledone massyae VOSS, 1964 
(OCTOPODIDAE) FROM SOUTHEASTERN BRAZIL

Tomas ARG 1; Carvalho ES 1

1 - Instituto de Pesca

The reproduction of Eledone massyae Voss, 1964 was studied using data from 215 

individuals sampled monthly from the commercial trawl fisheries from July 2002 to May 

2003. Biometric and weight data from male and female reproductive system components 
were used for gonad and gonadosomatic indexes. Gonad maturity was classified by 

four stages for females and males. Completed mature or spawned females were not 
identified. Spawning and spermatophore release time were estimated from GI and GSI 

temporal analyses and monthly frequencies distributions of gonad maturation stages. 
Females complete maturation in January-February (austral summer), and spawn until 
March. Mature males may occur in September and spermatophores are released until 
February. Mating occurs in spring, and spawning in summer. The life cycle of the species 
is estimated to be around 15 months.
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P86 - STOCK ASSESSMENT OF Octopus vulgaris CUVIER, 1797 (CEPHALOPODA: 
OCTOPODIDAE) EXPLOITED BY TRAWLING FISHERIES IN SOUTHEAST BRAZIL

Tomas ARG 1; Petrere M 2

1 - Instituto de Pesca
2 - IBRC Unesp 

The common octopus (Octopus vulgaris) is the most important valuable shellfish 

resource in Southeast Brazil with an estimated mean annual yield around 500 metric ton. 
The species represents more than 90% of the overall total octopus catch, followed by 
the combed octopus Eledone massyae Voss, 1964, done by the double-outrigger bottom 

trawl fleet. Catch-at-length structured data obtained from samples in two-time period 

(years 1993 to 1995 and 1998 to 2000) were used to analyze the stock of O. vulgaris 
and to estimate its level of exploitation. With average estimates for natural and total 

mortalities considering several methods, it was suggested a non-intensive exploitation. 
Yield-per-recruit and Thompson and Bell methods indicate a possible increment of fishing 

pressure, suggesting that the stock is exploited under its maximum acceptable biological 
limit. Consider those results a more efficient fishery, using pots, was implemented since 

2003.
 
 
KEYWORDS: Octopus; Octopus vulgaris; trawl fisheries
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P87 - EYE LENS AS NEW STRUCTURES FOR AGEING OCTOPUS: EARLY INSIGHTS 
USING Enteroctopus megalocyathus AS A MODEL

Villegas MJ 1; Paredes R 2; Briceño F 3; Briceño F 4; Barahona N 5; Baqueiro Cárdenas ER 6

1 - Escuela de Biología Marina, Facultad de Ecología y Recursos Naturales, Universidad 

Andrés Bello (UNAB)
2 - Escuela de Medicina Veterinaria, Facultad de Ecología y Recursos Naturales, 

Universidad Andrés Bello (UNAB)
3 - Institute for Marine and Antarctic Studies (IMAS), University of Tasmania, Tasmania, Australia
4 - Sociedad Malacológica de Chile (SMACH)
5 - Instituto de Fomento Pesquero (IFOP)

6 - Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional 
(CINVESTAV)

Studies of age and growth are keystones for understanding population dynamics in 
octopus. The use of hard structures, such as stylets and beaks, as ageing approaches 
are still explored. Eye lens of cephalopods are structurally similar to those of vertebrates. 
Recent studies suggest that concentric lines in eye lens of vertebrates are representative 

of growth. Based on this hypothesis, we developed a successful histological technique 
following approaches on lens of vertebrates to quantify concentric layers in eye lens of 
the Patagonian octopus Enteroctopus megalocyathus. A total of 228 octopuses (500 – 
5000g) were collected by commercial fishery in Chiloe Island, Southern Chile, in 2010. 

Body weight and total length were measured from fresh samples and eye lens were 
carefully extracted and preserved in neutral formalin. At the lab, weight and diameter 
of each lens were measured. Lens diameter and weight was 6.64 mm (sd + 0.75) 

and 0.23g (sd + 0.08) respectively. A total of 100 lenses were analyzed to count lines. 

Our results show that concentric layers observed are evident as dark-clear concentric 
bands (lines) which can be counted at 400× and 1000× magnification. A nucleus with 

a diameter of 130 µm with total of 250 lines was quantified, being proposed as pre-

hatching region. No differences between right-left lens for weight and diameter were 
found. An allometric relationship between lens weigh and diameter was found (r2=0.80). 
Correlations between body weight and length with lens weight and diameter are shown. 
In addition, a preliminary model based for counted lines vs body and lens variables is 
proposed, showing the potential application of this structure for ageing octopus.
 
 
KEYWORDS: Eye lens; octopus ageing; Enteroctopus megalocyathus
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P88 - MIGRATION, DISTRIBUTION, AGE AND GROWTH OF GIANT PACIFIC 
OCTOPUS, Enteroctopus dofleini, NEAR TSUGARU STRAIT IN NORTHERN JAPAN

Noro K 1

1 - Fisheries Research Institute, Aomori Prefectural Industry Technology Research Center

The migration, distribution, age and growth of giant Pacific octopus (Enteroctopus dofleini 
(Wülker, 1910)) were investigated during 1986- 2007 near Tsugaru Strait between 

Honshu Island and Hokkaido Island in northern Japan based on a tag-and-recapture 
study. A total of 1,190 individuals were tagged, released and recaptured. The mean 
period between release and capture was 174 ± 132 (SD) days (range: 2-1,062 days). 

Mean body weights at release and recapture were 1.6 ± 0.7 kg (range: 0.1-7.7 kg) and 

5.9 ± 4.6 kg (range: 0.7-37.0 kg), respectively. Many individuals were recaptured near 

their release point, but 13.5% of the individuals released at Honshu crossed the Tsugaru 
Strait (18 km at the narrowest point) and were recaptured at Hokkaido. The depth of 
recapture ranged from 2 m to 350 m, and individuals migrated to deeper areas during 
summer, presumably to avoid warm (>15ºC) water temperatures near the surface. The 
minimum size at maturity was about 10 kg. In males, the size at maturity increased from 
March to May, and in females, it remained the same size from January to May. Based on 
body-weight measurements and tagging results, the specimens were classified into four 

groups that reached size at maturity in 2, 3, 4 and 5 years.
 
 
KEYWORDS: Enteroctopus dofleini; migration; age & growth
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P89 - VERTICAL AND HORIZONTAL BEHAVIOR OF NEON FLYING SQUID 
Ommastrephes bartramii ON THE WINTER FISHING GROUND OFF NORTHEAST 
JAPAN

Sakai M 1; Kato Y 1; Wakabayashi T 1; Igarashi H 2; Awaji T 2

1 - National Research Institute of Far Seas Fisheries

2 - Data Research Center for Marine-Earth Sciences, JAMSTEC

Four neon flying squid Ommastrephes bartramii were tracked using acoustic tags 
(VEMCO Pinger, V16 series) in winter January 2011 off Tohoku, northeast Japan as 

part of a study trying to predict good fishing grounds for the jigging fishery. The squid 

measured 32.0 – 38.9 cm in mantle length and were thought to be from the winter-spring 
cohort. Observations on migrating squid were as follows: 1) they swam southwestward 

at 1 kt, 2) at night, they occurred mainly at 50-75 m depth range and occasionally 
near 10 m, 3) during the day, they occurred at 100-150 m, 4) the ambient temperature 
surrounding the squid was 9-10ºC. The squid occurred in the thermocline during the day 
and above the thermocline at night. In this poster, squid behavior on the winter fishing 

ground will be compared with behavior during other seasons.
 
 
KEYWORDS: Ommastrephes bartramii; bio-telemetry tracking; acoustic tag
 



Cephalopod International Advisory Council Symposium 2012
27 Oct - 02 Nov 2012 | Majestic Palace Hotel | Florianópolis, Santa Catarina, Brazil

188

P90 – STRONTIUM:CALCIUM RATIOS IN STATOLITHS OF THE SWORDTIP SQUID 
Uroteuthis (Photololigo) edulis AS INDICATORS OF MIGRATORY PATHWAY

Yamaguchi T 1; Matsuyama M 2; Kawakami Y 3

1 - Saga Prefectural Genkai Fisheries Research and Development Center

2 - Laboratory of Marine Biology, Faculty of Agriculture, Kyusyu University

3 - Kurume National College of Technology

Counting increments of statoliths, we found that the swordtip squids Uroteuthis 
(Photololigo) edulis, which were caught in Tsushima Strait off Japan from June to 
November in 2010, had hatched between autumn and early spring. Because mature 
Uroteuthis edulis are seen only from spring to summer around Japan, we suppose that 
the swordtip squids hatch in East China Sea. Ontogenetic variation in strontium:calcium 

ratios (Sr:Ca) was measured in statoliths of these squids. We sorted them into three 

groups by the variation in Sr:Ca. One of three groups, which was caught from June to 

September, seemed to have been influenced by Yellow Sea Cold Water Mass in the 

central and northern part of East China Sea because the variation in Sr:Ca from March 

to June partially increased (Type α), whereas one of the others, which was caught from 

July to November, had no influence of it because the variation constantly decreased 

(Type β). The other, which was caught from October to November, showed that the 

variation decreased until July and increased after that (Type γ). We suppose that Type 

γ group move past Tsushima Strait to Sea of Japan around July. Therefore, Type α 

group can grow in the central or northern part of East China Sea and move to Tsushima 
Strait. Type β group can come from the southern part of East China Sea and migrate 

northward along Tsushima Warm Current around Yellow Sea Cold Water Mass or after 

its disappearance. Type γ group may come back to Tsushima Strait from Sea of Japan in 

autumn after moving from East China Sea through the strait along the current when they 
are small. These migratory pathways may express why catches of the swordtip squid 
in spring and summer have decreased since ten years ago and those in autumn have 
not changed, because Type α, β and γ groups are caught mainly in spring, summer and 

autumn and autumn, respectively. Then, many squids might be caught in East China Sea 
before migrating to Japan.
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P91 - MALE REPRODUCTIVE SYSTEM AND SEXUAL PRODUCTS IN Histioteuthis 
bonnellii (CEPHALOPODA: HISTIOTEUTHIDAE)

Cuccu D 1; Mereu M 2; Agus B 2; Culurgioni J 2; Cau A 2; Jereb P 3

1 - Department of Life Science and Environment, University of Cagliari
2 - Department of Life Science and Environment, University of Cagliari
3 - Italian National Institute for Environmental Protection and Research

The reproductive systems of 119 males of the umbrella squid Histioteuthis bonnellii 
(Férussac, 1835) caught in the Sardinian waters (Central Western Mediterranean) at 

depths between 400 and 700 m were examined and are described for the first time. 

Fully mature males were present all year round. The smallest mature male measured 
60.0 mm in mantle length (ML) and 113.50 g in body weight, and the sizes at maturity 
were 100.0 mm ML and 400.00 g TW. The total number of spermatophores was counted 

in 18 specimens, and varied from 12 to 3097 (977±928), without correlation with body 
size. Spermatophore total length (SpL) ranged between 3.00 and 15.45 mm (7.11±3.49). 
SpL gradually decreased towards the distal end of the reproductive system, so that 
spermatophores found in the proximal part of the Needham’s Sac were larger than those 
found in the terminal organ, and this difference in length was conspicuous (i.e., up to 
over 200%). Only the SpL of spermatophores from the proximal part of the Needham’s 
Sac was correlated with body size. Both indices of the sperm mass and of the ejaculatory 
apparatus decreased with the increase of spermatophore length, while the cement body 
index increased. Spermatangia were found in 13 specimens, exclusively in the terminal 
organ. Up to 64 spermatangia (21±17), measuring between 2.02 and 8.12 mm in length 
(4.44±1.88 mm), were counted. The large size range of mature males (ML 60.0–198.0 
mm; TW 113.50–2409.00 g) and the variation in spermatophore number indicate that 

in H. bonnellii males the production of sexual products is a process that starts early 
in the individual life and extends in time, while animals continue to grow and mate, 
releasing spermatophores at different times. A continuous production of sexual gametes 
is already known and better investigated in females of deep-sea cephalopods, where it is 
considered a reproductive adaptation to depth (Rocha et al., 2001). A similar strategy, that 

increases the time interval in which reproduction can take place, was proposed recently 
for H. miranda males from the South African waters by Hoving et al. (2010). Indeed, as 
evidenced by these authors, an early and continuous production of spermatophores 
allows a maximum time range for mating; this, in deep-sea environments where low 
density of individuals and scarcity of spawning aggregations may occur, would 
result in a winner reproductive strategy. 
 
KEYWORDS: Histioteuthis bonnellii; male reproductive system; 
spermatophores production
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P92 - SPERM–ATTRACTANT PEPTIDE INFLUENCES THE SPERMATOZOA 
SWIMMING BEHAVIOUR IN INTERNAL FERTILIZATION IN Octopus vulgaris

De Lisa E 1; Salzano AM 2; Moccia F 3; Scaloni A 4; Di Cosmo A 1

1 - Department of Structural and Functional Biology, Universiti of Naples Federico II

2 - Proteomics & Mass Spectrometry Laborator, ISPAAM, National Research Council
3 - Department of Biology and Biotechnology “Lazzaro Spallanzani”, Laboratory of 

Physiology, University of Pavia
4 - Proteomics & Mass Spectrometry Laborator, ISPAAM, National Research Council

Marine invertebrates exhibit both chemokinesis and chemotaxis phenomena, induced in 
most cases by the release of water-borne peptides or pheromones. In mollusks, several 
peptides released during egg laying improve both male attraction and mating. Unlike 
other cephalopods, Octopus vulgaris adopts an indirect internal fertilization (Hanlon 
and Messenger, 2006). The existence of mechanisms and factors that might mobilize 
and attract spermatozoa toward the eggs remains not clear in this species. The only 
data that support the occurrence of a chemical communication process in octopus 
fertilization are based on the demonstration of an acrosome-like reaction induced by 
progesterone (Tosti et al., 2001). Here we report for the first time the identification and 

characterization of a chemoattractant peptide (Octo-Pep) isolated from mature eggs of 
Octopus vulgaris females. By using two-chamber and time-lapse microscopy assays, 
we demonstrate that this bioactive peptide is able to increase sperm motility and to 
induce chemotaxis by changing the octopus spermatozoa swimming behavior in a dose-
dependent manner. We also provide evidence that chemotaxis in O. vulgaris requires 
the presence of extracellular calcium and membrane protein phophorylation at tyrosine. 
In this frame, we propose Octopus as a model to investigate chemotactic mechanisms in 
sexual communication to unveil the detailed steps of the fertilization strategy in marine 
animals with internal fertilization.
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P93 - BOREOATLANTIC GONATE SQUID Gonatus fabricii IN THE BARENTS SEA: 
FEATURES OF BIOLOGY AND RESPONSE TO THE ARCTIC WARMING

Golikov AV 1; Sabirov RM 1; Lubin PA 2; Jørgensen LL 3

1 - Department of Invertebrate Zoology, Kazan Federal University

2 - Laboratory of Coastal Fisheries, Polar Research Institute of Marine Fisheries and 

Oceanography
3 - Ecosystem Processes Research Group, Institute of Marine Research

Gonatus fabricii (Lichtenstein, 1818) is the most numerous pelagic cephalopod in the 
Arctic (Nesis, 1987). However, data on its reproductive biology are scarce (Kristensen, 
1984; Arkhipkin, Bjørke, 1999), and its range structure is not clear (Roper et al., 2010). 

In total, 734 squids were studied, 129 of them by detailed analysis. Mantle length (ML) of 
males was 2.6 – 12.7 cm (maturity stages 0–III) and of females 2.2 – 13.7 cm (0–II). The 
material was obtained from research cruises of the Polar Institute (PINRO, Russia) and 

the Institute of Marine Researches (IMR, Norway) in the Barents Sea and adjacent areas 

in 2005-06 and 2008-12. The modified scale of maturity for ommastrephids (Nigmatullin, 

1989) was used. The morphogenesis of the reproductive system in both immature 
males and females was described. Individual potential fecundity of females is 13200 
– 16200 oocytes. As far as the realized fecundity is about 10000 oocytes (Kristensen, 
1981), it was suggested that nearly 30% of the potential fecundity undergo regulatory 
resorption. The average oocyte size increases from 0.02±0.004% ML (maturity stage 
0) to 0.22±0.01% ML (maturity stage II). It is known that the size of mature oocytes is 
about 1% ML (Bjørke et al., 1997). The increase in oocytes size during ontogenesis 
can be described by the parabolic curve and is most intensive in maturity stages III-IV. 

Since 2006, immature specimens of G. fabricii have been caught annually in the eastern 
part of the Barents Sea and in the western part of the Kara Sea (the Svyataya Anna 
Trough). G. fabricii was never observed from these areas before (Roper et al., 2010). 

The increase in range could be explained by the recorded increase in temperature of 
the Arctic waters in the last decades (Walther et al. 2002; Walsh, 2008). Significant 

continuous gradual increase in squid sizes from the western part of the Barents Sea 
through its eastern part to the Kara Sea was established: ML 4.7 → 8.3 → 9.1 cm (p 

< 0.01). Possibly, this continuous gradual increase in the sizes towards east direction 

shows the ontogenetic migration of G. fabricii through the Svyataya Anna Trough to the 
central Polar Basin, where its reproductive spot is located (Nesis, 1971; Bjørke, 2001). 
Perhaps very long and extended foraging ontogenetic migrations define the reproductive 

strategy in G. fabricii: prolonged immature stages and fast maturation nearby and within 

the reproductive spot, with single terminal spawning afterwards.
 
 
KEYWORDS: Gonatus fabricii; increasing of the range; reproductive biology
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P94 - GONAD MATURATION AND FECUNDITY OF THE TROPICAL Octopus 
insularis (CEPHALOPODA: OCTOPODIDAE)

Lima FD 1; Leite TS 1; Barbosa JC 1; Andrade LCA 1; Oliveira JL 1

1 - Universidade Federal do Rio Grande do Norte

The Octopus insularis occurs in a wide region of the tropical Atlantic, inhabiting shallow 
waters along the coast and oceanic islands of northeastern Brazil, where it is the principal 
target of the commercial octopus fishery. In order to clarify the particularities related to 

the reproductive development of this species, 257 males and 288 females were collected 
from the coastal region of Rio do Fogo. The animals were measured (ML) and weighted 

and the gonads were removed and preserved. The macroscopic description was based 
on size and aspect of the oviducal gland and ovaries, for females, and on the presence 
or absence of spermatophores in the Needham’s sac and testicle morphology, for males. 
The microscopic scale of females were based on the characteristics of the vitellogenic 
and pre-vitellogenic oocytes, while for males the description considered the formation 
of mature spermatozoon within the seminiferous tubules. Four stages of micro and 
macroscopic gonad maturation were described and a scale of maturation was proposed 
for males (immature, maturing, mature and post-mature) and females (immature/ 
immature, early maturing/ pre-vitellogenesis I, final maturing/ pre-vitellogenesis II and 

mature/ vitellogenesis). The reproductive development process in O. insularis was very 
similar to that described for other species of cephalopods, especially of the O. vulgaris, 
with minor differences related to the morphology and relative size of the gonads. The mean 
fecundity recorded for females was 93,820 eggs and an average of 39 spermatophores 
was found in Needham’s sac in males. Oocytes in various stages of development were 
observed in the same ovary, which indicates that the beginning of vitellogenesis does 
not occur synchronously among all oocytes. All the females with less than 68 mm of ML 
had presented empty spermathecae, while the majority of the individuals with ML above 
of this value had sperm stored in the spermatheca. The tropical octopus, O. insularis, 
has peculiarities related to reproductive biology, which emphasizes the importance of 
establishing conservation and management strategies directed at this species in the 
North-Northeast region of Brazil.
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P95 - MATING BEHAVIOR AND SPERM STORAGE PROCESS IN BENTHIC 
OCTOPODS: ADVANCES USING Octopus maya AS A MODEL

Lira J 1; Caballero JL 2; Briceño F 3; Mascaró M 4; Rosas C 4

1 - Escuela de Biología Marina, Ecología y Recursos Naturales, Universidad Andrés 
Bello (UNAB)
2 - Universidad Michoacana de San Nicolás de Hidalgo, Michoacán, México

3 - Institute for Marine and Antarctic Studies (IMAS), University of Tasmania; Sociedad 
Malacológica de Chile (SMACH)
4 - Unidad Multidisciplinaria de Docencia e Investigación (UMDI), Universidad Nacional 
Autónoma de México

Polyandry has been broadly reported in many shallow water octopods, and recent 
studies have shown that multiple paternity occurs in some species. This raises important 
questions about selectivity processes and on the role of accessory reproductive 
structures (e.g. oviducts), given that females can store sperm from different males 
throughout their life. This work is based on a multiple approach and reports, for the first 

time, the process of sperm storage applying histological analysis of inseminated females 
of Octopus maya in laboratory conditions (Yucatán, México). We aim (i) to define and 

quantify key mating behaviours and spermatophore transfer, and (ii) to characterize the 
morphology of accessory structures related to sperm storage. We recorded 13 mating 

events using a 1:1 sexual proportion. The mating process was divided in three main 

stages: (1) Pre-mating, (2) Mating and (3) Post-mating. Each stage was quantified in 

terms of time and key behaviors for ethogram definition. The ‘arch and pump’ movement 

and spermatophore transfer were clearly identified corroborating inseminations. Time 

interval to store spermatozoa was evaluated using histological methods. Results indicate 

that spermatozoa remain in the proximal oviduct for around 96 hours. Glandular cells in 
the proximal oviduct wall had similar characteristics to those observed in the oviductal 
gland, where spermatozoa are finally stored. Glycogen and glycosidase activity were 

measured from oviducts, spermatozoa and oviductal gland. New mating behaviors 
are reported, as well as a positive correlation between mating length and number of 
transferred spermatophores. Results also provide new insights on the role that oviducts 

may play in actively storing spermatozoa before they arrive at the oviductal gland.
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P96 - NEW INSIGHTS INTO SPERMATOPHORE ATTACHMENT MECHANISMS IN 
SQUIDS FROM A MEDICAL CASE OF ‘‘STINGING’’ IN THE HUMAN ORAL CAVITY

Marian JEAR 1; Shiraki Y 2; Kawai K 3; Kojima S 4; Suzuki Y 2; Ono K 2

1 - Instituto de Biociências, Universidade de São Paulo

2 - Department of Pathology, Tosei General Hospital
3 - Department of Pathology, Aichi Medical University
4 - Department of Otolaryngology, Tosei General Hospital

Male squid produce intricate spermatophores that are able to function autonomously 
and extra-corporeally during mating. When transferred to the female, they undergo the 

spermatophoric reaction, a complex process of evagination that leads to the attachment 
of the spermatangium, that is, the everted spermatophore containing the sperm mass. 
While this process is still not completely understood by teuthologists, the medical 

literature includes at least 16 reports of ‘‘oral stinging’’ (i.e., punctured wounds in the 
human oral cavity) following consumption of raw or undercooked male squid, which 
contains undischarged spermatophores able to inflict such wounds. We revisit a recent 

medical report of oral stinging by Shiraki et al. (Pathol Int 61:749–751, 2011), providing 

an in-depth reanalysis of their histological biopsies, which revealed several new data 
that not only corroborate recent hypotheses on the functional morphology of squids’ 
spermatophores, but also shed new light on the functioning of these intriguing, unique 
structures. The general aspect of the spermatangia implanted within the human oral 
cavity’s epithelium is similar to naturally attached spermatangia found in female squids. 
The spermatangia were able to superficially puncture the superficial layers of the oral 

stratified squamous epithelium, a finding that further corroborates the hypothesis that 

spermatophore attachment often involves some kind of tissue scarification. Numerous 

minute, sharp stellate particles from the squid spermatophore were found adhered to 
the oral epithelium, reinforcing a previous hypothesis that these particles play a vital 
role in the attachment process. Moreover, spermatophore attachment is confirmed to be 

autonomous (i.e., performed by the spermatophore itself) in yet another squid species 
(possibly a loliginid), and the results strongly indicate that the attachment mechanism is 
not dependent upon a specialized epithelium, nor a mate’s specific chemical stimulus. 

In conclusion, the mechanisms underlying oral stinging accidents are possibly related 
to the intrinsic implantation mechanism present in squids’ spermatophores, which is 
naturally used as a means to attach spermatangia in the female squid. Removing the 

internal organs or the spermatophores (if their location is known) of the squid prior to 
consumption has been proposed as a prophylactic measure and may well be the best 
procedure at present to avoid spermatangia stinging when eating raw or undercooked 
squid.
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P97 - SPERMATOPHORIC REACTION REVISITED: ATTACHMENT OCCURS DURING 
SPERMATOPHORE EVAGINATION AND INVOLVES AUTONOMOUS ANCHORING, 
SCARIFICATION AND ADHESION

Marian JEAR 1

1 - Instituto de Biociências, Universidade de São Paulo

During copulation, spermatophores produced by male coleoid cephalopods undergo 
the spermatophoric reaction, a complex process of evagination that culminates in the 
attachment of the spermatangium (everted spermatophore containing the sperm mass) 
on the female’s body. The extraordinary structural complexity of coleoid spermatophores, 
and their apparent simple functioning (i.e., extrusion of the sperm mass out of the 
spermatophore, and finally its ‘‘gluing’’ on the female’s body) have been perplexing 

scientists for over a century. To better understand this complicated phenomenon, the 
present study investigated the functional morphology of the spermatophore of the squid 
Doryteuthis plei (Blainville, 1823) applying in vitro analysis of the reaction, as well as 
light and electron microscopy investigation of spermatangia obtained either in vitro, 
or naturally attached on females. Hitherto unnoticed functional features of the loliginid 
spermatophore required a reappraisal of some important processes involved in the 
spermatophoric reaction. The most striking findings concern the attachment mechanism, 

which is not carried out solely by cement adhesive material, as previously believed, 
but rather by an autonomous, complex process performed by multiple structures during 
the spermatophoric reaction. During evagination, the ejaculatory apparatus provides 
anchorage on the targeted tissue, presumably due to the minute stellate particles 
present in the exposed spiral filament. Consequently, the ejaculatory apparatus 

maintains the attachment of the tip of the evaginating spermatophore until the cement 
body is extruded. Subsequently, the cement body passes through a complex structural 
rearrangement, which leads to the injection of both its viscid contents and pointed oral 
region onto the targeted tissue. The inner membrane at the oral region of the cement 
body contains numerous stellate particles attached at its inner side; eversion of this 
membrane exposes these sharp structures, which presumably adhere to the tissue 
and augment attachment. Several naturally attached spermatangia were found with 
their bases implanted at the deposition sites, and the possible mechanisms of tissue 
perforation are discussed based on present evidence. The structural intricacy of the 
squid spermatophore and the spermatophoric reaction phenomenon are, in conclusion, 
intimately related to this hitherto unknown efficient process of attachment.
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P98 - THE SPERMATOPHORIC REACTION AND THE EVOLUTION OF SPERM 
TRANSFER MECHANISMS IN CEPHALOPODS

Marian JEAR 1

1 - Instituto de Biociências, Universidade de São Paulo

Spermatophores from coleoid cephalopods are complex reproductive structures 
capable of functioning outside the male body during mating. Through the so-called 
spermatophoric reaction, the spermatangium (everted spermatophore containing the 
sperm mass) is attached on the female body. In decapodiforms, this attachment involves 
some varying degree of spermatangium implantation into female tissue, which has been 
tentatively divided into two types: shallow implantation (the base of the spermatangium 

is implanted into the female integument) and deep implantation (all the length of the 
spermatangium is implanted into tissue). This study reviews the literature concerning 
the phenomenon of implantation of spermatophores in decapodiforms, and presents 
evidence corroborating a previous theoretical model ascribing the role of implantation 
to the perforation performed by the everting ejaculatory apparatus. The mechanisms of 
spermatophore transfer are also reviewed for octopodiforms, and a reinterpretation of 
the function of the spermatophoric reaction in this case is provided. To estimate possible 
evolutionary scenarios for the coleoid spermatophore, and to attempt to reconstruct the 
spermatophore pattern of the stem lineages of both Coleoidea and Decapodiformes, the 
distribution of selected character states were analyzed based on recent phylogenetic 
trees using Mesquite 2.71. In light of parsimonious character optimizations, a complete 
ejaculatory apparatus with a spiral filament, as well as the spermatophoric reaction, 

apparently emerged once and early in the evolution of the Coleoidea. This novelty 
possibly provided an efficient attachment mechanism and presumably countered the 

changes associated with the adoption of an active mode of life by coleoids, augmenting 
fertilization success. Two hypotheses for the evolution of the complex spermatophore 
within Coleoidea and Decapodiformes are proposed. One hypothesis assumes that 
spermatangia deep implantation arose first, functioning as a spermatheca and allowing 

temporal separation between copulation and fertilization events; shallow implantation 
evolved later associated with the emergence of seminal and spermatophore receptacles. 
The second hypothesis assumes that shallow implantation emerged first, deep 

implantation arising later associated with the adoption of deepwater lifestyles. Support 
for each hypothesis is dependent upon the phylogenetic tree under consideration.
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P99 - UNRAVELING THE COMPLEX MACHINERY OF SQUIDS SPERMATOPHORES: 
IN-DEPTH MORPHOLOGICAL ANALYSIS OF THE SPERMATOPHORE OF 
Doryteuthis plei

Marian JEAR 1; Domaneschi O 1

1 - Instituto de Biociências, Universidade de São Paulo

Male coleoid cephalopods produce elaborate spermatophores, which function 
autonomously outside the male body during copulation, undergoing a complicated 
process of evagination. Few detailed morphological studies have yet been conducted 
on these complex structures, and much of the knowledge of their morphology was 
generated by classical studies of the 19th and early 20th centuries. Accordingly, our 
comprehension of the spermatophoric reaction mechanics is still very limited. Since the 
extracorporeal functioning of coleoid spermatophores must rely entirely on the intricate 
structure and organization of the tunics, membranes, and other structures composing 
the spermatophore, only detailed investigations of these components would provide the 
basis for comprehending its mechanics. In order to contribute to the understanding of 
this unique structure, this study investigated the morphology of the spermatophore of 
the squid Doryteuthis plei (Blainville, 1823) applying several microscopy techniques, 
such as light microscopy (including serial sectioning and several staining protocols), 
scanning electron microscopy, and confocal laser scanning microscopy. A hitherto 
unreported, much more complex structural arrangement was revealed for the loliginid 
spermatophore, the most striking findings being: (1) the complex, layered structure of the 

middle membrane, which bears an additional, chemically distinct segment surrounding 
part of the cement body; (2) the presence of a space between the inner tunic and middle 
membrane filled with a fine reticulated material; (3) the presence of stellate particles not 

only embedded in the spiral filament, but also closely applied to the inner membrane at 

the level of the cement body; (4) the presence of a pre-oral chamber in the cap region; 
and (5) the complex organization of the cement body, formed by two distinct layers 
encompassing contents of different chemical and textural properties. Careful literature 
reassessment suggests several of these features are common to loliginids, and to some 
extent to other squids. Their possible functional implications are discussed in light of our 
knowledge of the spermatophoric reaction mechanics. These findings strengthen the 

need of more studies regarding the functional morphology of the coleoid spermatophore.
 
 
KEYWORDS: Reproduction; Spermatophore; Functional Morphology

 



Cephalopod International Advisory Council Symposium 2012
27 Oct - 02 Nov 2012 | Majestic Palace Hotel | Florianópolis, Santa Catarina, Brazil

198

P100 - STUDIES ON THE SPERMATOZOON AND SPERMATOGENESIS IN Octopus 
minor (SASAKI, 1920) (CEPHALOPODA: OCTOPODA)

Qian YS 1; Zheng XD 1; Wang WJ 2; Yang JM 2; Li Q 1

1 - Ocean University Of China
2 - Shandong Marine Fisheries Research Institute

Spermatozoa of Octopus minor were investigated using light, scanning electron and 
transmission electron microscopy. The results showed that the mature spermatozoon 
was 390-650nm long, the sperm being enclosed in the spermatophore. There were two 
visible marks on the surface of sperm: the screw-shaped acrosome and its inner layered 

substructure (striation). Sperm was composed of three parts: head, neck and tail. The head 

included mainly the acrosomal complex and nucleus. The acrosomal complex located 
on the anterior region of nucleus, which is 6-9 dill-like spirals. The acrosomal complex 
is comprised of the acrosomal vesicle lacuna of low electron density and an acrosomal 
vesicle of middle electron density. The nucleus was cylindraceous and homogeneous, 
which was of high electron density. There was a big nuclear vacuole inside the nucleus, 
behind which there was an antrorse incurvate sleeve-like posterior nuclear fossa (PNF). 
The neck was short and connected with the head through the internal nuclear fossa. The 
basal body was located in the PNF, where it gave rise to the axoneme. And the axoneme 
connected the head, neck and tail. The tail was divided into middle, principal and final 

pieces. The 9+9+2 structure was surrounded by a mitochondria sheath, which included 

9-11 mitochondria in transverse section, and there were digitiform tubers on the surface 
of parts of the principal piece. The spermatogenesis can be divided into six continuous 
steps based on the morphological changes of the acrosome, nucleus, chromatin as well 
as mitochondria.
 
 
KEYWORDS: Octopus minor; spermatophore; spermatogenesis
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P101 - OCEANOGRAPHIC CONDITIONS MODULATING THE REPRODUCTIVE 
CYCLE OF Octopus maya IN THE YUCATAN PENINSULA

Rosas C 1; Santos, J 2; Marcaida U 3; Enriquez C 4; Mariño-Tapia I 5; Calva R 6; 
Angelez-Gonzalez LE 7; López-Rocha J 4; Mascaró M 1

1 - Unidad Multidisciplinaria de Docencia e Investigación, Fac. de Ciencias UNAM

2 - Instituto Nacional de la Pesca, México
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4 - Unidad Multidisciplinaria de Docencia e Investigación Fac. de Ciencias UNAM

5 - Centro de Investigación y Estudios Avanzados del Instituto Politécnico Nacional
6 - Instituto Nacional de la Pesca
7 - Universidad Autonoma de Yucatán

The O. maya fishery in Yucatán is seasonal, taking place when the concentration of 

individuals in shallow water reaches exploitable levels. The regulated fishing season 

starts on 1 August and ends on 15 December along the Yucatan Peninsula (YP). 
Migration routes of the O. maya population appear to be relatively synchronized to their 
reproductive cycle where the period of maturation has an intrinsic role influencing the 

population size and location, which in turn determines this fishery availability. The current 

knowledge provides evidence to support that the northwestern shelf in the YP has two 
well-divided regions based on the oceanographic processes occurring close to the coast. 
The difference is determined by the availability of cold and nutrient rich water in the 
northern side of the YP resulting from upwelling events, which are known to occur during 
spring and summer. Based on fisheries samplings this study aims to determine O. maya 
reproductive cycle along the YP, including zones with and without upwelling influence. 

We assume that males higher than 20g living weight were mature, while a histological 

study was done to identify female maturity stage based in three principal categories: 

II-III (physiological maturation), IV-V functional maturation and spawned (VI). Results 

obtained indicate that O. maya living in zones without upwelling influence have a well-

defined reproductive peak during the winter, when the coastal processes are influenced 

by the transit of cold fronts with polar northern winds. In contrast, females living in the 
upwelling influence zone maintained a reproductive activity throughout the year with 32 

to 52% of females on stages IV and V. Additionally, these upwelling-influenced regions 

registered a winter peak when 100% of females were in functional maturity. Besides 
the management implications for the fisheries, these results show the importance of 

the local hydrodynamic processes in modulating the reproduction of O. maya and the 
possible implications under the different climate change scenarios.
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P102 - REPRODUCTIVE BIOLOGY OF Octopus maya: RESCUING ARKHIPKIN´S 
(1992) MATURITY SCALES

Rosas C 1; Santos-Valencia J 2; Calva R 2; Angeles-Gonzalez LE 3; López-Rocha J 1; 
Mascaró M 1; Avila-Poveda O.H. 4
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Authors specialized in cephalopod reproduction have applied different meaning to 
terminology used for octopus maturity stages, thereby causing difficulties for the 

standardization of criteria in fisheries management. In this sense and following the 

biological process that occurs during reproductive development, Arkhipkin, (1992) 
recognized that development of the reproductive system pass through at least five 

phases: (I) juvenile (gonadal differentiation), (II) physiological maturation (oogenesis and 

spermatogenesis), (III) physiological maturity (mature sexual cells into the reproductive 
coelom), (IV) functional maturation (formation of oocyte coverings) and (V) functional 

maturity (reproductive system is completely ready for spawn). Octopus maya is endemic 
of the Yucatan Peninsula (YP) and sustains the most important octopus fishery in both 

North and South America The present study is aimed to identify maturity stages of O. maya 
using Arkhipkin (1992) criteria as the basis of biological phases that occur during octopus 
growth and, propose these criteria as a standardized way to evaluate reproduction of this 
octopus species. Histological gonadal differentiations of O. maya were observed. Males 
with 0.1 to 1g of living weight (LW) were immature (Stage I: Juveniles) and physiological 

maturation (Stage II) occurred before animals attained 20g LW. Results demonstrate 

that animals bigger than 20g are totally mature, showing that physiological maturity and 
functional maturation in males is a fast process. Females took from 5 to 10 days after 
hatch to attain gonadal differentiation (Stage I: juveniles). Ovaries remain in stage II 

(physiological maturation), until gonadosomatic index (GI = ovary weight/total weight) 
attains 1.5%. An increment on GI was recorded once mature cells (oocytes) pass to 
reproductive coelom (physiological maturity), with GI values higher than 1.5% (Stage 
III). At GI higher than 2% oocytes growth was evident starting functional maturation 
stage (Stage IV). This is an irreversible stage that finishes with spawning (Stage V). 

Relationships between ovarian/testis and octopus weight (OW, g) and between GI and 

OW of males and females are also showed. Those results demonstrate the besides the 

size, there are other factors that induct physiological and functional maturation of O. 
maya. For management porpoises females with an IG higher than 2% and males higher 
than 20g should be considered totally mature.
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P103 - MALE REPRODUCTIVE SYSTEM OF THE NEON FLYING SQUID 
Ommastrephes bartramii (OMMASTREPHIDAE): MORPHO-FUNCTIONAL AND 
GEOGRAPHICAL ASPECTS

Sabirov RM 1; Nigmatullin ChM 2

1 - Department of Invertebrate Zoology, Kazan Federal University

2 - Atlantic Research Institute of Fisheries and Oceanography

Ommastrephes bartramii (Lesueur, 1821) is an oceanic bi-subtropical species occurring 
in three isolated parts of vast range, including the North Atlantic, the North Pacific and 

the Southern Hemisphere. In the present study, the spermatophoric complex of organs 
(SCO) of 115 males and 15000 spermatophores (SP) of 81 males from throughout its 
range were investigated. In all regions, males have a one-year life span with a ML of 30-
42 cm in the mature stage. SCO morphology of O. bartramii is typical for ommastrephids, 
except the part V of the SCO, which presents a massive terminal part, while in other 

ommastrephids this part is tapered. Part IV of the SCO of mature males from the North 

Atlantic is longer (16-22% ML) than in other regions (15-17% ML). During maturation, 
the growth of all SCO parts is characterized by positive allometry in relation to ML, but 
the degree of allometry is different for diverse SCO parts. The coefficient of allometry 

for the functionally most important parts – I (which forms the seminal reservoir) and IV 

(which defines SP size) – is high during the whole ontogenesis, being 3.85±0.75 and 

4.1±0.4, respectively. The SP of O. bartramii is one of largest of all ommastrephids, their 
length being 21-54 mm (11.15±3.5% ML). SP length of the North Atlantic males is 32-54 
mm (12.5±2.15% ML), the relation of SP length (LSP, cm) to ML being expressed by the 
equation LSP=0.17ML-2.06 (r = 0.812). In males from other parts of the species range, 
the SP is smaller: 21-41 mm (9.5±1.45 % ML), LSP =0.128ML-0.96 (r = 0.72). The length 

of the SP seminal reservoir and SP posterior empty part in North Atlantic populations 
correspond, on average, to 33% and 30.3% of the LSP, respectively, while in other parts 
of the species range these correspond to 44% and 22% LSP (p < 0.01). During the 

mature stage, there is a gradual increase in SP size: differences in length of “old” SP 

from the penis and “young” ones from the fundus are up to 10 mm (30±5.7% LSP), 

usually 3-5 mm (12.5±2.38% ML). Simultaneously, the length of the seminal reservoir 
and the volume of packed sperm also increase. This SP size increase is accompanied 
by significant ML growth during the mature stage: ML is on average 25 cm on maturity 

stage IV, 29 cm on V1, and 32 cm on V2 (p < 0.01). Spermatophorogenesis is similar 

throughout the species range, but maximal SP fecundity is different: 600-800 SP in the 

North Atlantic, and 1500-1700 SP in the North Pacific and the Southern Hemisphere (p 

< 0.01).
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P104 - SPERMATOGENESIS AND SCALE OF MATURITY IN MALES OF THE WARTY 
BOBTAIL SQUID Rossia palpebrosa

Sabirov RM 1; Golikov AV 1; Saigusa M 2
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There are only limited data on the reproductive biology of the warty bobtail squid Rossia 
palpebrosa Owen, 1834 (Muus, 1959; Mercer, 1968; Nesis, 2001). The material used in 
the present study was collected during 2004-12 in research cruises of the Polar Institute 
(PINRO, Russia) and the Institute of Marine Researches (IMR, Norway) in the Barents 

Sea and adjacent areas. The reproductive system of R. palpebrosa was studied in 216 
males (22 of them by histological methods) with mantle lengths of 0.6 – 4.9 cm and 
maturity stages I – VI. The modified maturity scale for squids (Lipinski and Underhill, 

1995; Nigmatullin et al., 2003) was used for maturity assigning. The male gonad cycle 
proceeds in 6 stages defined by the ratio of different types of cells: (1) multiplication of 

the early spermatogonia (size range: 9.21 – 15.62; average: 11.82±0.2 μm) and increase 

in the number of the late ones (6.39 – 13.73; 10.17±0.2 μm); (2) first appearance and 

increase in number of the spermatocytes I (7.49 – 15.89; 12.21±0.1 μm); (3) the beginning 

of spermiogenesis: the early spermatogonia disappear, the spermatocytes II (4.2 – 8.54; 

6.18±0.1 μm) are the most numerous cells, and the number of spermatids (5.49 – 9.74, 

7.89±0.1 μm) increase; (4) the peak of spermiogenesis: this is the longest stage and 

spermatozoa (10.35 – 14.98; 12.4±0.1 μm) prevail; (5) decrease of spermiogenesis 

intensity: up to a half of all the seminiferous tubules become near-empty, and their walls 

degrade; (6) the failure of spermiogenesis: only single cells of all types are present, the 

swelling and degradation of walls in seminiferous tubules take place, comprising the 
comprehensive degeneration of testis. The development of the male gonad is generally 
characterized by the lengthy asynchronous maturation of the germ cells. The defined 

stages differs significantly from the histology maturity index (Sauer and Lipinski, 1990), 

their number corresponding to the number of macromorphological stages based on 
the signs of development of accessory glands (spermatophoric complex of organs - 
SCO). However, testis development goes on with some retardation in comparison to 
SCO development. Spermatozoa are of intermediate type, being the smallest among the 
studied Rossiinae (Fields and Thompson, 1976; Hou and Maxwell, 1992).
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P105 - ANNUAL CHANGES OF INFERRED SPAWNING AREAS AND DISTRIBUTION 
OF HATCHLINGS OF Todarodes pacificus DURING 1970S AND 2010S
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T. pacificus produce gelatinous, nearly neutrally buoyant egg masses that reside within 
or above the pycnocline at temperatures suitable for development. After hatching, the 
paralarvae ascend to the surface layer above the continental shelf and slope and are 
transferred into convergent frontal zones (Yamamoto et al. 2007). Laboratory studies 
reveal that hatchlings (<1 mm Mantle Length) ascend to the surface at temperatures 

between 18-24ºC, and especially between 19.5-23ºC (Yamamoto et al., 2012). During 
the cool period around Japan in the late 1970s and early to late-1980s, the annual catch 
of T. pacificus decreased and only began to increase after the shift to the warm period 
(Sakurai et al. 2000). The catch is considered a good proxy for abundance and hence 
reproductive success. One reason for the increased larval survival during warm periods 
might be related to an increase in the size of the spawning areas (Rosa et al., 2011). In 

the warm periods, the winter spawning area extends northward into Tsushima Strait and 
farther eastward to the continental slope. For the latter, the inner flow of the Kuroshio 

helps transport the hatchlings into the Oyashio region to feed. Thus during warm periods 
more squid may be transported to the feeding grounds via this circulation. During cool 
periods there is less spawning along the continental slope and the squid are deeper 
due to an increased mixed layer depth caused by stronger winds. This may result in 
less squid being transported into the Oyashio region. Fluctuations in the strength of the 
northward flowing Tsushima Warm Current influences the area of the warm water region 

in the Sea of Japan and also matches the variability in squid catches from this region. 
However, annual catches of T. pacificus are gradually decreasing after 2000s, which is 
thought a reason that the inferred spawning areas in autumn were covered by warm sea 
surface water above 24ºC. The survival of hatchlings is probably heavily affected by sea 
surface water above 24ºC. We will show that more warm condition of spawning areas 

may contribute to the decreased survival of T. pacificus in the Sea of Japan during recent 
warm years.
 
 
KEYWORDS: Todarodes pacificus; reproductive hypothesis; climate change
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P106 - DEEP-SEA OCTOPUS Velodona togata (CHUN, 1915) IN WATERS OFF 
MOZAMBIQUE (SW INDIAN OCEAN): REPRODUCTIVE BIOLOGY, DISTRIBUTION 
AND ABUNDANCE

Silva, L. 1; Hernández, E. 2; Sobrino, I. 1

1 - Instituto Español de Oceanografía
2 - Institito Español de Oceanografía

In this work, results of reproductive biology, distribution and abundance of the deep-sea 
octopus Velodona togata (Chun, 1915), obtained from the research survey carried out 
between March and April of 2009, on board R/V Vizconde de Eza in Mozambican waters 

are shown. In this survey, a random and stratified sampling method has been applied. 

Five geographical sectors (Sofala, Bazaruto A, Bazaruto B, Boa Paz e Inhaca, from 
North to South) and four depth strata (200-400 m, 400-500 m, 500-600 m and 600-700 
m) were defined. Biological samplings were carried out in 303 males and 448 females, 

and dorsal mantle length (DML), body weight, sex and maturity stage were registered, 
using a three-stage maturity scale: immature, maturing and mature. The fecundity was 

estimated in both sexes. V. togata was present in all strata and sectors, with the highest 
values of abundance in the southern sector (Inhaca) and in the depth stratum 500-600 
m, with a maximum yield of 37.7 kg/trawl hour. The mean yield in the whole sampled 
area was 9.4 kg/trawl hour, which places it as the second most abundant cephalopod 
species, after Nototodarus hawallensis. Results from biological samplings showed a sex 

ratio 0.67:1 (Females: Males). Length-weight relationships were similar in both sexes, 

with minimum and maximum sizes and weights sampled of 30-180 mm, 8-1835 g (for 
males) and 30-195 mm, 8-1776 g (for females), respectively. Sizes at first maturity were 

estimated in 99 mm for males and 128 mm for females. Fecundity was estimated from 
a total of 15 males and 22 females. In males, the mean number of spermatophores was 
9, ranging between 5 and 13, corresponding to individuals of 142 and 167 mm DML. In 
females, total fecundity ranged between 72 and 122 oocytes, in females of 150 and 152 
mm of DML, respectively, with a mean value of 96 oocytes. The results will be analyzed 
and discussed.
 
 
KEYWORDS: Velodona togata; Mozambique waters; Reproductive biology
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P107 - POPULATION DYNAMICS OF Octopus vulgaris IN THE PARANÁGUA 
ESTUARINE COMPLEX, PARANÁ STATE, SOUTHERN BRAZIL

Yamassaki GE 1; Vidal EAG 1

1 - Centro de Estudos do Mar, Universidade Federal do Paraná (UFPR)

 
Octopus vulgaris is commonly found along almost the entire wide Brazilian coast. 
However, few studies on its population dynamics have been carried out in Brazilian 
waters. Recently, O. vulgaris was also found at the Paranaguá Estuarine Complex 
(PEC) (25º´S; 48º 50´W), a region of great salinity oscillations influenced by tides and 

continental drainage. Estuaries are used by many species as spawning and nursery 
areas, but octopuses are exclusively marine animals. Therefore, the aim of this study 
was to examine the population dynamics of O. vulgaris in the PEC and the factors that 
influenced its occurrence in this estuarine area. A total of 66 octopuses were captured by 

divers and brought to the Laboratory of Cephalopod Culture (UFPR) between September 

2011 and February 2012. Salinity measurements were taken during spring and summer 
2010 near the sampled area, showing great daily fluctuation (from 32 to 21 within a 24 h 

period). Mantle length (ML) and body weight (BW) of males (n= 30) ranged from 10-18 

cm and 660-2320 g respectively. For females (n= 36) ML and BW ranged from 9.3-20 

cm and 240-2350 g respectively. The sex ratio was not significantly different from 1:1 (p> 

0.05). The results suggest that females reached 50% maturity at ~15 cm ML and males 
at ~10 cm ML, indicating that males become mature earlier than females. Mature males 
were found in every month, while mature females were present mainly during the spring. 
On summer, the population was largely constituted by immature and maturing octopuses 
and reproduction occurs mainly during spring. Paralarvae were found in the plankton 
during late spring, suggesting that spawning takes place in the PEC. High availability of 
potential prey was observed in the PEC and the main prey types found in the octopus 
dens were the crabs, Menippe nodifrons, Calliectes sapidus and Charybdis hellerii, along 
with the mollusk Perna perna. It seems that the high availability of food and the absence 
of potential predators are important factors influencing the occurrence O. vulgaris in the 
PEC area. Ecological implications for the life cycles of the species are discussed.
 
 
KEYWORDS: Octopus; population dynamics; reproduction
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P108 - SYSTEMATICS OF THE BRACHIOTEUTHIDAE (CEPHALOPODA: 
OEGOPSIDA) IN NEW ZEALAND WATERS

Bolstad KSR 1

1 - EOS Research Institute, Auckland University of Technology

Although the family Brachioteuthidae is represented in most oceans worldwide, it has 
never been formally reported from New Zealand waters. The systematics of the family 
is notoriously unstable, with the validity of most named species in doubt, while recent 
publications suggest the existence of several additional unnamed taxa, possibly with 
narrow geographic distributions. Examinations of national collections suggest the 
local occurrence of at least three distinct taxa; these are introduced as part of a wider 
collaborative effort to resolve the family’s systematics.
 
 
KEYWORDS: Taxonomy; Biogeography; Brachioteuthidae
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P109 - FIRST RECORD OF Alloteuthis media IN THE GUADALQUIVIR ESTUARY 
(SW SPAIN)

Canoura J. 1; Riz F.R. 2; Baldo F. 3; Vila C. 2; Sobrino I. 1

1 - Instituto Español de Oceanografía
2 - Instituto Formacion Agrario Pesquero “El Toruño”

3 - Instituto Españo de Oceanografia

The first record of a specimen of Alloteuthis media (Linnaeus, 1758) in the Guadalquivir 
estuary (SW Spain) has been reported. A single male specimen of A. media of 75 mm 
total length, 49 mm mantle length and 4.7 g fresh weight was captured on 4 November 
2010 in the Guadalquivir estuary at 8 km to the river mouth. The capture was taken by 
local fishery gear (1 mm mesh size) in a passive haul carried out during the nocturnal ebb 

tide from a boat anchored on the left bank of the Guadalquivir estuary (3 meters depth). 
Water temperature, salinity and turbidity were 17.2ºC, 24 and 45 NTU, respectively. This 

capture supposes the first record of a squid in a long-term survey that has been carried 

out monthly on the Guadalquivir estuary since 1997 (180 samplings).
 
 
KEYWORDS: Alloteuthis media; Guadalquivir estuary; Distribution
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P110 - SOME DEEP-SEA OCTOPODS FOUND OFF PERU

Cardoso F 1; Hochberg FG 2

1 - UNMSM, Fac. Ciencias Biológicas

2 - SBMNH

Deep-sea octopods have been little studied in the southeastern Pacific Ocean. Very 

few specimens are present in museum collections in the Americas. With regard to some 

genera, especially Benthoctopus, there is still considerable confusion relating to both 
family and generic placement. In addition, little information is available relating to the 
biology and biogeography of these animals. The objective of our ongoing research is to 
determine the taxonomic status of deep-sea octopods caught by international marine 
expeditions and demersal fisheries resources that operate off the coast of Perú. A total 

of 33 lots were examined and 41 specimens of deep-sea octopods in the following 
collections: Department of Invertebrate Zoology, Santa Barbara Museum of Natural 

History, California, USA (SBMNH); Benthic Invertebrate Collection, Scripps Institute of 
Oceanography, La Jolla, California, USA (SIO-BIC); Instituto del Mar del Perú, Callao, 

Perú (IMARPE); and Museum of Natural History, University of San Marcos, Lima, Perú 

(MUSM). Four species of deep-sea octopuses placed in the family Octopodidae were 
identified. Two represent new species: Graneledone sp. n. and Muusoctopus sp. n. Also 
recorded off Perú for the first time: Muusoctopus longibrachus (Ibañez et al., 2006). A 

fourth new genus and species also has been recognized. In addition, the presence off 
Perú of the cirrate octopod, Opisthoteuthis bruuni (Voss, 1982), also was confirmed.

 
 
KEYWORDS: Deep-sea octopods; new species; new records; Perú
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P111 - CEPHALOPOD PARALARVAE IN THE MEXICAN PACIFIC OCEAN: 
COMMUNITY STRUCTURE

De Silva-Dávila R 1; Granados-Amores J 2; Aceves-Medina G 3; Avendaño-Ibarra R 3; 
Robinson CJ 4; Zepeda-Benitez VY 2

1 - Departamento de Estudios para el Desarrollo Sustentable de la Zona Costera, Centro 
Universitario de la Costa Sur, Universidad de Guadalajara; Departamento de Plancton y 
Ecología Marina, Centro Interdisciplinario de Ciencias Marinas-IPN
2 - Centro de Investigaciones Biológicas del Noroeste A.C.
3 - Departamento de Plancton y Ecología Marina, Centro Interdisciplinario de Ciencias 
Marinas-IPN
4 - Instituto de Ciencias del Mar y Limnología. Universidad Nacional Autónoma de México

The Mexican Pacific Ocean (MPO) includes the oceanic area from the northernmost 

region of the West coast of the Baja California Peninsula to the southern portion 

of Chiapas at the border with Guatemala. The Gulf of California and the Gulf of 
Tehuantepec are located in this region. Surface ocean circulation in MPO is seasonal 
and varies with alternation in intensity and area occupation of the California Current, the 
Equatorial Countercurrent, the North Equatorial Current, and the Costa Rica Coastal 

Current System, which together determine the presence of marine fauna of different 
biogeographic affinities. The collection of cephalopod paralarvae (PL) with plankton nets 

has proven to be one of the best tools to determine diversity in this group. Our objective 
was to determine the cephalopod species composition in three areas of MPO, based on 
the presence of their planktonic PL. Analyzed zooplankton samples were collected by 
means of oblique Bongo and Meter net (505µm) tows during 15 oceanographic cruises. 
Five cruises were made in front of the west coast of Baja California Peninsula (WCBCP, 

1997-1999), eight in the Gulf of California (GOLCA, 2004-2007), and two in the Gulf 
of Tehuantepec (TEHUA, 2007-2008). We recorded a total of 50 taxa at the species 

level included in 14 families. The most important in WCBCP were Ommastrephidae 

(73.8%), Onychoteuthidae (8.8%), and Cranchiidae (7.5%); in GOLCA the families 
Ommastrephidae (44.8%), Pyroteuthidae (32.3%), and Argonautidae (12.3%), while 
in TEHUA the Enoploteuthidae (39.1%), Ommastrephidae (30.4%), and Cranchiidae 
(15.8%) were the most important. Ecological indexes (based in total abundance of 
species in all areas) indicated higher paralarvae abundance in GOLCA with richness 
S=44, followed by WCBCP (S=36), and TEHUA (S=16). WCBCP had the highest 

diversity (H´=3.17) and evenness (J´=0.61). In GOLCA dominance 
(D=0.30) was determined by three taxa, in comparison with TEHUA (D=0.18) 
where six taxa dominated. PL of tropical-subtropical affinity were the most 
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abundant, temperate ones were scarce, and only one cosmopolitan species was 
recorded in the three areas. The ENSO 1997-2001 influenced the important presence 

and abundance of tropical species in WCBCP region; for GOLCA, inter-annual 

seasonality determined the presence of the temperate component only during winter, 
while in TEHUA sampling limitations did not allow us further explanations. The sistematic 
list of cephalopod PL from the MPO is presented.
 
 
KEYWORDS: Paralarvae; Mexican Pacific Ocean; Biodiversity
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P112 - DISCOVERING BIODIVERSITY: IS THE CANARY ISLANDS THE HABITAT OF 
A NEW Chtenopteryx SPECIES?

Escánez A 1; González AF 2; Guerra A 2 
1 - Universidad de la Laguna
2 - Instituto de Investigaciones Marinas (CSIC)
 
A total of 23 specimens of the genus Chtenopteryx Appellöf, 1890 were caught in a 
depth range between 100 and 800 m in the southwest slope off El Hierro, La Palma 
and Tenerife (Canary Islands), during the cruise CETOBAPH carried out from 4-19 April 
2012. Mantle lengths ranged from 19 to 45 mm. The sample contained immature and 
mature animals of both sexes. Three of these specimens showed one photophore in 
each eyeball but absence of photophores on the ventral surface of the ink sac. The 
remaining specimens showed one photophore on the ventral side of each eye ball and a 
large photophore on the ventral side of the ink sac, underneath the intestine, as well as 
a light organ in the posterior part of the body in the case of maturing and mature males. 
We found several discrepancies between our specimens and the original description 

of C. canariensis Salcedo-Vargas and Guerrero-Kommritz, 2000. Nevertheless, before 

considering that there is a new species of combfin squid from the Canary Islands, we 

would like to underline that: i) our three first specimens could belong to C. canariensis, 
but that the diagnostic characters in relation to the light organs on the eyeball should 
be improved from the original description, and ii) the remaining specimens belong 
to C. sicula (Vérany, 1851), thus confirming the presence of this species outside the 

Mediterranean Sea.
 
 
KEYWORDS: Chtenopteryx; combfin squid; Canary Islands (Atlantic Ocean)
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P113 - DISCOVERING BIODIVERSITY: IS THERE A NEW SPECIES OF Octopoteuthis 
(CEPHALOPODA: OCTOPOTEUTHIDAE) OFF CANARY ISLANDS WATERS?

Escánez A 1; González AF 2; Guerra A 2

1 - Universidad de la Laguna; 2 - Instituto de Investigaciones Marinas (CSIC)

Four specimens of Octopoteuthis Rüppell, 1884 were caught during the cruise 

CETOBAPH (4-19 April 2012) between 700 and 900 m depth in the southwest slope 
and north off Tenerife (Canary Islands). ML ranged from 45 to 48 mm. Our specimens 
showed: i) one large photophore in tissues in the tail on ventral side of body; ii) a pair 

of photophores near ventral surface of ink sac beneath muscle bands; iii) two large 
photophores, posterior to each eye; iv) photophores on the bases of all arms; v) series of 
photophores along almost the whole length of the left ventral arm; vi) fins extending along 

tail and reaching posterior end of the mantle; vii) hook on the arms without accessory 
cusps; vii) tentacles absent; and viii) 3-12 pairs of small suckers near arm tips, each with 
6-9 irregular, pointed teeth. The genus Octopoteuthis has seven species, some of them 
poorly defined. O. deletron Young 1972 and O. neilseni Robson, 1948 occur in the North 

Pacific and three species are distributed in the North Atlantic: O. sp. A Young, 1972, with 
a single tail photophore, absence of accessory cusps on the arm hooks and a long tail, 
and two species with two tail photophores: O. danae Joubin, 1931 and O. megaptera 
(Verrill, 1885). The type species of the genus, O. sicula Rüppell, 1844, is the senior 

synonym of either O. sp. A or O. danae. The species O. rugosa Clarke, 1980, from the 
waters off South Africa and South Australia was described only from large specimens 
(14.5-23 cm ML). The Canaries specimens cannot be accurately assigned to any of 
the known species considering the following diagnostic characters: 1) number of tail 

photophores; 2) size of the tail in small specimens; 3) presence of accessory cusps on 
the hooks in small specimens; and 4) presence of arm base photophores on arms III and 
IV. This dificulty is not surprising, due to the fact that interspecific variation in photophore 

arrangement is poorly known, and to the existence of three undescribed forms in the 
North Atlantic, to anyone of which our specimens might be assigned. We will discuss if 

the Canary Islands specimens represent a new species.
 
 
KEYWORDS: Octopoteuthis; Octopus squid; Canary Islands (Central-East Atlantic)
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P114 - GEOMETRIC-MORPHOMETRICS OF LOLIGINID´S STATOLITHS FROM 
MEXICAN PACIFIC

Granados-Amores J 1; García-Rodríguez FJ 2; Salinas-Zavala CA 1; 
Díaz Santana-Iturríos M 1

1 - Centro de Investigaciones Biológicas del Noroeste (CIBNOR)
2 - Centro Interdisciplinario de Ciencias Marinas (CICIMAR-IPN)

Despite the fact that loliginids belong to a not very diverse family, they are a group with 
strong systematic problems that include lack of taxonomic stabilization at high levels 
(subgenus, genus, and subfamily) and problems at the species level. For Mexico in 
particular, it is necessary to increase efforts to reach proper species identification by 

exploring innovative tools such as statolith Geometric Morphometrics (GM), which has 
given great results in the separation of some teuthid, octopod, and cuttlefish species, 

including some loliginid species. The aim of the present study was to identify the loliginid 
species present off Mexican coasts using GM analyses of statoliths. Four squid species 
were identified (Lolliguncula panamensis, Lolliguncula argus, Lolliguncula diomedeae, 
and Doryteuthis opalescens) from morphological characteristics and traditional 
morphometrics. A total of 200 right statoliths were extracted and photographed with a 
digital camera. GM was used to address the analysis of differences in the shape of the 
statoliths, deleting the effect of squid size with a Procrustes procedure; standardized values 
were analyzed with multivariate statistics. Differences among groups were analyzed 
with a Canonical Variable Analysis (CVA). The resulting discriminant analysis separated 

the loliginid species by their statoliths with 99.5% confidence in the classification: L. 
panamensis (100%), L. argus (100%), L. diomedeae (99%), and D. opalescens (100%). 
According to the canonical variable analysis, the first two variables explained 91.75% of 

variability among groups. Variance percentages in relation to CV1 and CV2 were 53.6% 

and 38.15% respectively. MANOVA supported the existence of statistically significant 

differences among squid groups (Wilk´s lambda = 0.008; P<0.0000). In accordance to 

analyses developed in the present study, the presence of four loliginid species off the 
Mexican Pacific coasts is confirmed.

 
 
KEYWORDS: Loliginidae; statolith; taxonomy
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P115 - VARIATIONS IN THE DIVERSITY OF ASSEMBLAGES OF CEPHALOPOD 
SPECIES DURING THE PERIOD 1993-2011 IN THE GULF OF CADIZ (SW SPAIN)

Sobrino I. 1; Silva L. 1; Acosta J.J. 1

1 - Instituto Español de Oceanografía 

Since 1993 the Spanish Oceanographic Institute (IEO) is carrying out two series of 
annual bottom trawl surveys (ARSA) in the Gulf of Cadiz (spring and autumn series), 

aimed at the assessment of the most important demersal resources in the surveyed 
area. A total of 34 surveys, 18 in March and 16 in November, were analysed in the 
present study. The surveyed area corresponds to the trawlable bottoms of the 
continental shelf and upper–middle slope between 6º 20’ W and 7º 20’ W and from 

15 m to 800 m depth. Sampling design followed a random stratified scheme with 5 

depth strata (15–30 m, 31–100 m, 101–200 m, 201–500 m and 501–800 m). 
The number of hauls in each depth stratum was proportional to the trawlable 
surface adjusted to the ship time available at sea and the haul duration was 60 min  
Species composition of cephalopod assemblages was analysed, using both clustering 
analyses and non-metric multidimensional scaling analysis (nMDS). A total of 37 
cephalopod species belonging to 7 families were identified throughout the analysed 

period. Sepiolidae contributed with 13 species and Octopodidae with 11 species were 
the family most representative, while Teuthoidea and Cranchiidae with only one species 
were the less representative. The rest of family present was Loliginidae (5 species); 
Sepiidae (3 species) and Ommastrephidae (2 species). Significant differences were been 

detected between the two periods studied. The quantitative and qualitative historical 
changes in their species composition are analysed.
 
 
KEYWORDS: Cephalopod assemblages; temporal changes; Atlantic Ocean /Gulf of Cadiz. 
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P116 - THE Muusoctopus SPECIES (CEPHALOPODA: OCTOPODIDAE) FROM 
SOUTHEASTERN PACIFIC OCEAN

Ibáñez CM 1; Peña F 1; Pardo-Gandarillas MC 1; Poulin E 1; Sellanes J 2

1 - Universidad de Chile
2 - Universidad Católica del Norte

Deep-sea octopods of the genus Muusoctopus inhabit the continental shelves to abyssal 
zones between 100 to 4000 m. In this study we compare morphological and molecular 
data of two Muusoctopus species from the southeastern Pacific Ocean based on 51 

specimens collected from off central Chile (29°s to 45°S), at bathyal depths between 241 
and 922 m. We performed multivariate analysis of morphometric data and sequencing 

three mitochondrial genes (16S rRNA, COI and COIII) to estimates the genetic distance 

between species. To compare with other species and infer the phylogenetic position of 
these species from Chile we made phylogenetic analyses by parsimony, likelihood and 
bayesian methods. Multivariate analyses showed two significant groups that correspond 

to M. longibrachus and a second undescribed Muusoctopus species. These analyses 
are confirmed by the great genetic distance between these two species. Phylogenetic 

analysis revealed that M. longibrachus is the sister species of M. longibrachus akambei 
from Falkland Island and M. sp. is the sister species of Sasakiopus salebrosus and M. 
yaquinae. These analyses suggest a revision of the taxonomic status of S. salebrosus 
and M. longibrachus akambei.
 
 
KEYWORDS: Muusoctopus; Octopodidae; Deep-sea
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P117 - THE GENUS Octopoteuthis AND THE MEDITERRANEAN SEA: A LOOK INTO 
THE DEEP

Jereb P 1; Battaglia P 2; Bello G 3; Cannas R 4; Duysak Ö 5; Garibaldi F 6; Hoving HJT 7; 
Lefkaditou E 8; Lipinski MR 9; Maiorano P 10; Marcias S 4; Mereu M 4; Peristeraki P 11; 
Ragonese S 12; Romeo T 13; Salman A 14; Santos B 15; Villari A 16; Cuccu D 4

1 - Italian National Institute for Environmental Protection and Research (ISPRA)

2 - Istituto Ambiente Marino Costiero CNR- Sezione Messina

3 - Acquario e Museo Oceanografico della Provincia di Bari

4 - Department of Life Science and Environment, University of Cagliari
5 - Faculty of Fisheries University of Mustafa Kemal
6 - Lab. Biologia Marina ed Ecologia Animale Dip.Te.Ris., University of Genova

7 - Ocean Ecosystems, Center for Ecological and Evolutionary Studies, University of Groningen
8 - Hellenic Centre for Marine Research (HCMR), Institute of Marine Biological Resources (IMBC)

9 - Marine and Coastal Management, Department of Environmental Affairs and Tourism
10 - Department of Biology, University of Bari
11 - Hellenic Centre for Marine Research (HCMR), Institute of Marine Biological 

Resources & Inland Waters

12 - National Research Council - Institute for the Coastal Marine Environment

13 - Istituto Ambiente Marino Costiero CNR- Sezione Messina 

14 - Ege University Faculty of Fisheries Department of Hydrobiology
15 - IEO (Instituto Español de Oceanografía) Centro Oceanográfico de Vigo

16 - Via Villa Contino 30

Among the seven recognized but poorly defined species belonging to the 

genus Octopoteuthis (Decapodiformes, Octopoteuthidae), only O. sicula 
Rüppel, 1844, traditionally, has been reported in the Mediterranean Sea, 

even though the presence of O. megatera has been suggested, recently.  
Morphological identification of the species within this genus is based primarily on 

the presence, number and position of photophores. Recent findings pointed out 

discrepancies between some well acknowledged species-specific key-guidelines 

available in the literature for these features and what has been observed in specimens 
from the Mediterranean Sea, generally referred to as O. sicula. In particular, the 
absence of photophores observed in specimens from the Sicilian waters – i.e., the locus 
typicus of O. sicula - and the presence of additional visceral photophores observed 
in specimens from Sardinian waters and from the Aegean Sea are noteworthy. Such 
discrepancies suggest that the situation of the genus Octopoteuthis in the Mediterranean 
is more complex than previously acknowledged and cast doubts on the validity of the 

main characters traditionally used to differentiate among the species. In an 
attempt to clarify the situation, specimens from various Mediterranean locations 
(i.e., Turkish waters, Aegean Sea, Ionian Sea, Sicilian Channel, Sardinian 
waters, Ligurian Sea) were gathered and their morphology re-examined. 
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Beaks and tissue sample adequately preserved for molecular analysis were also 
collected for examination. In addition, beaks attributed to O. sicula obtained from 
stomach contents of cetaceans stranded in the Canary Islands (northeast Atlantic) as 
well as morphometric data of O. sicula specimens collected from South African waters 
were gathered, examined and analyzed for comparison with those of Mediterranean 
specimens. A multivariate analysis of morphometric data was carried out on the available 
sample (i.e., a total of 50 specimens, 33 of which from South Africa Atlantic waters) 
as a preliminary discriminating approach. Results obtained, along with a photographic 

documentation of the most interesting morphological features observed, are presented 
and ongoing research and future perspectives are discussed.
 
 
KEYWORDS: Octopoteuthis genus; species identity; Mediterranean Sea
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P118 - A HOTSPOT OF BIOLOGICAL DIVERSITY OF DEEP-SEA CEPHALOPODS 
AROUND UNDERWATER MOUNTAINS OF THE SOUTHWEST INDIAN OCEAN 
RIDGE

Laptikhovsky V 1; Rogers A 2

1 - Falkland Islands Government Fisheries Department

2 - Department of Zoology, University of Oxford

At least 68 pelagic cephalopod species belonging to 26 families were collected onboard 
R/V Fridtjof Nansen in November – December 2009 during the research survey along 

the South-West Indian Ocean Ridge (depth range 400-1,100 m) using pelagic Akra 

trawl. Combined with existing data these specimens bring the total species record for 
the region to 77 species with 10% of known cephalopods and >20% of known squid 
represented in the catch. The fauna was characterised by pan-tropical, south-central, 
southern peripheral, and notalian species. There was a gradual latitudinal shift in the 
ecology and fauna of cephalopod assemblages. Families reproducing in epi- and 
mesopelagic layers (Enoploteuthidae, Pyroteuthidae and others) represented the 
bulk of the catches in northern regions, whereas families that use this habitat only for 
juvenile foraging and reproduce in lower meso- and bathypelagic layers (Cranchiidae, 
Gonatidae, Onychoteuthidae) dominated at the Subantarctic front. A hotspot of biological 
diversity occurs on the Southwest Indian Ocean Ridge because this relatively small area 

includes a range of zoogeographic features: a part of the Southern Central subzone of 

the Tropical Zone, South Subtropical Zone, Southern Peripheral Ecotone (the Southern 
Subtropical Convergence, where the maximum diversity was observed) and a part of 
the Notalian zone. No endemics were found there because pelagic spawning and wide 
dispersal of early stages characterise seamount cephalopods. Endemic species may 
occur amongst the virtually unsampled benthic community.
 
 
KEYWORDS: biodiversity; Indian Ocean; underwater mountains
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P119 - PHYLOGENETIC RELATIONSHIPS BETWEEN TWO EASTERN PACIFIC 
OCTOPUS SPECIES: Octopus hubbsorum AND O. mimus (CEPHALOPODA: 
OCTOPODIDAE)

Pliego-Cárdenas R 1; Hochberg FG 2; García de León FJ 3; Barriga-Sosa IDLA 1

1 - Universidad Autónoma Metropolitana
2 - Santa Barbara Museum of Natural History
3 - Centro de Investigaciones Biológicas del Noroeste

Octopus hubbsorum Berry, 1953 and O. mimus Gould, 1852 are two species of 
octopuses that inhabit shallow waters off the west coasts of the Americas. The former 
has been reported in the North, from the Baja California Peninsula and Gulf of California 
to Oaxaca, Mexico whereas O. mimus has been found in the South, from Peru to Chile. 
We use three mitochondrial genes, cytochrome oxidase subunits I and III (COI and 

COIII), and 16S rDNA to infer the phylogenetic relationships between O. hubbsorum 
and O. mimus. Genetic distances were estimated in order to determine the levels of 
relatedness between the species. Maximum Parsimony (MP) and Bayesian analyses 
(BA) were conducted for each region as well as with the concatenated data. The genetic 
distance values calculated for each gene and between both species were low (0 – 1.7%). 
The generated topologies with both MP and BA and using the COIII and 16s as a single 
data set, were practically identical. Specimens of both O. hubbsorum and O. mimus 
were clustered in one clade (bootstrap = 100; posterior probability = 1.0). These results 
suggest that O. hubbsorum and O. mimus could be the same species.
 
 
KEYWORDS: Octopopidae; Phylogeny; Eastern Pacific Ocean
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P120 - Sepia ‘apama’, THE GIANT AUSTRALIAN CUTTLEFISH: UNRAVELLING A 
COMPLEX SPECIES-COMPLEX

Reid A 1; Donnellan S 2; Catalano S 3

1 - Australian Museum
2 - South Australian Museum
3 - University of Adelaide

The Giant Australian Cuttlefish, Sepia apama Gray, 1849, is the largest cuttlefish in the 

world, reaching a maximum size of up to approximately 500 mm mantle length. It was 
originally described in a couple of sentences from a beach-washed cuttlebone found at 
Port Adelaide, Gulf St Vincent, South Australia. The species was previously thought to 

have a wide distributional range across southern Australia. It has become the subject 
of particular interest in recent years due to a mass spawning event that has occurred 
each year during the winter months in the Upper Spencer Gulf, South Australia. This 
spectacular event has attracted recreational divers, tourists, film crews and researchers 

from around the world. The threat from industrial development that is degrading the 
Upper Spencer Gulf has prompted a detailed analysis of the status of this population 
compared with others across the range of the purported species. Molecular analyses 
have shown that S. ‘apama‘ is comprised of five genetically distinct populations, one of 

which is the threatened Upper Spencer Gulf population. In addition, dicyemid parasites 
found in the kidneys of the Upper Spencer Gulf animals differ from those obtained from a 
population of S. apama that includes the type locality. Recent morphological examination 

of specimens from each of the five populations has uncovered differences among 

three populations. The populations from eastern and western Australia differ from S. 
apama from the type locality and the combined evidence suggests that specific status is 

warranted. Available names for these populations are S. verreauxi Iredale, 1926 and S. 
parysatis Iredale, 1954 respectively. Work is continuing to resolve the status of the Upper 

Spencer Gulf population.
 
 
KEYWORDS: Sepiidae; Sepia apama; Australia
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P121 - ENVIRONMENTAL DETERMINANTS OF LATITUDINAL-SIZE TRENDS IN 
CEPHALOPODS

Rosa R 1

1 - Laboratório Marítimo da Guia, Centro de Oceanografia, Faculdade de Ciências da 

Universidade de Lisboa

Understanding patterns of body size variation is a fundamental goal in ecology, but 
although well-studied in the terrestrial biota, little is known about broad-scale latitudinal 
trends in body size in marine fauna, and much less about the factors that drive them. 
Here we conducted a comprehensive survey of interspecific body size patterns in coastal 

cephalopod mollusks, covering both hemispheres in the Western and Eastern Atlantic. 

Furthermore, we investigate the relationship between body size and thermal energy, 
resource and habitat availability, and depth ranges. Both latitude and depth range had 
a significant effect on maximum body size in each of the major cephalopod groups 

(cuttlefishes, squids and octopuses). We observed significant negative associations 

between sea surface temperature (SST) and body size. No consistent relationships 
between body size and either net primary productivity (NPP), habitat extent (shelf area) 
nor environmental variation (range of SST and NPP) were found. Thus, we concluded 
that temperature seemed to play the most important role in structuring the distribution of 
cephalopod body size along the continental shelves of the Atlantic Ocean, and showed 
only a limited role for resource availability, seasonality or competition in determining 
latitudinal body size patterns.
 
 
KEYWORDS: Body size; latitudinal gradients; cephalopods
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P122 - TROPHIC AND REPRODUCTIVE BIOCHEMISTRY OF A DEEP-SEA 
GELATINOUS OCTOPUS, Opisthoteuthis calypso

Rosa R 1; Pimentel MS 2; Baptista M 2; Pereira P 3; Moreno A 3; Nunes ML 3

1 - Laboratório Marítimo da Guia, Centro de Oceanografia, Faculdade de Ciências da 

Universidade de Lisboa, Av. Nossa Senhora do Cabo, 939, 2750-374 Cascais, Portugal
2 - Laboratório Marítimo da Guia, Centro de Oceanografia, Faculdade de Ciências da 

Universidade de Lisboa; 3 - Instituto Nacional de Recursos Biológicos (INRB/L-IPIMAR)

Cirrate octopods are deep-sea, cold-adapted cephalopod mollusks, and due to their 
rarity, the general biology and trophic ecology are poorly known. Here we provide a 
comprehensive analysis of the biochemical composition (proximate composition, 
amino acids and fatty acids in gonad, digestive gland and muscle) of the cirrate 
octopod, Opisthoteuthis calypso, collected off the west and south coasts of Portugal. To 
investigate an eventual relationship between biochemical composition, trophic ecology 
and benthopelagic life strategy of these deep-sea octopods, the present data were 
compared with those from coastal octopods. Protein and energy contents of O. calypso 
were significantly lower (p<0.05) than those from shallow-living benthic octopods. The 

gelatinous (high water content) mantle musculature may not be directly related with food 
limitation, but associated with reduced selective pressure for strong swimming abilities in 
the deep-sea. There was a significant increase in essential (EAA), non-essential (NEAA) 

and total amino acids (TAA) contents in the gonad and digestive gland during sexual 
maturation of both genders, but not in male muscle. Quite similar findings (i.e. gender 

effect in muscle tissue) with FA data were also observed. Principal component analyses 
(PCA) with FA data, clearly separated the coastal octopod group from O. calypso. 
Saturated FA biomarkers (namely 16:0, 17:0, 18:0) and monounsaturated FA (namely 

22:1), suggest a higher phytodetrital influence on diet, which supports the general idea 

that the deep-sea benthopelagic cirrates feed mostly on suprabenthic and epibenthic 
material. Polyunsaturated (PUFA) fraction, including eicosapentaenoic (EPA) and 
docosahexaenoic acid (DHA) acids, were more correlated with the coastal group. We 

were also able to separate O. calypso from the coastal octopods with AA data. Yet, EAA 
and NEAA designations are based on the flow of carbon through biochemical systems, 

which does not necessarily provide an accurate picture of the origins of amino nitrogen 
in the deep-sea environment.
 
 
KEYWORDS: Trophic and reproductive biochemistry; Cirrate octopus; deep-sea
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P123 - CEPHALOPOD COLLECTION FROM THE MUSEUM OF AQUATIC 
ORGANISMS, DEPARTMENT OF OCEANOGRAPHY AND LIMNOLOGY (DOL), 
UFRN, BRAZIL

Rufener M-C 1; Barbosa JC 1; Júnior PVR 1; Leite TS 1; Oliveira, JL 1

1 - Federal University of Rio Grande do Norte

The Museum of Aquatic Organisms (MOA-DOL) was created on 2010, in order to 
catalog the marine animals collected during scientific research from northeastern 

coast and oceanic island, Brazil. Among the collected and cataloged invertebrates so 
far, the mollusks stand out in number and diversity, specially the Cephalopod Class, 
since this is the main group studied by the researchers responsible for the museum. 
The identified cephalopods were properly fixed in formaldehyde 10% and preserved 

in alcohol 70%. Then, the specimens were catalogued, including information about 
taxonomic classification, collection site, habitat and other biological information. Ninety 

eight individuals were cataloged into 26 different species, from 10 families: Octopodidae 

(11 species), Loliginidae (5 species), Ommastrephidae (3 species) and Enopleuthidae, 
Histioteuthidae, Sepiolidae, Tremoctopodidae, Argonautidae, Vampyroteuthidae 

and Opisthoteuthidae (each one with one species). Among these species, there was 
a greater representation of Octopus insularis (19 individuals) and O. cf defilippi (12 
individuals) from oceanic island and northeastern coast, followed by Semirossia tenera 
(8 individuals), and Opistoteuthis sp (11 individuals) from the Rio Grande do Norte slope 

(from 100 to 2000 mt depth) at the north coast. This is the first cephalopod collection at 

the northeastern of Brazil, and it will allow a better knowledge about the biodiversity at 
the regions studied.
 
 
KEYWORDS: Zoological collection; cephalopods; Brazil
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P124 - DETAILED DESCRIPTION, INCLUDING DEVELOPMENTAL MORPHOLOGY, 
OF THE SQUID Callimachus SP. BOLSTAD 2010 IN THE GULF OF MEXICO

Sosnowski A 1; Vecchione M 2

1 - Eckerd College
2 - NMFS National Systematics Laboratory, National Museum of Natural History

The systematics of squids in the family Onychoteuthidae includes a problem that 
remains unresolved despite a recent review. In Callimachus, Onykia, Walvisteuthis, and 
Moroteuthis, confusion exists regarding descriptions of original type species and the 
systematic value and consistency of taxonomic characters used to define them. In this 

study, the systematic value of morphological characters of the species Callimachus sp. 
Bolstad 2010, an unresolved species from the Gulf of Mexico, have been compared 
and reevaluated using recently collected specimens of 17-57 mm mantle length. These 
observations indicate that the species differs from any previously published, except for 
Lesueur’s (1821) brief description and figure of Onykia carriboea. Because the type 
specimen(s) of the latter have been reported to be lost and because that species has 
recently been stabilized by designation of a neotype from a species different from that 
considered here, the Callimachus from the Gulf of Mexico will probably have to be 
described and named as a new species.
 
 
KEYWORDS: development; morphology; taxonomy
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P125 - CEPHWORLD: A NEW PILOT CEPHALOPOD DATABASE

Wood JB 1; Johnson J 2; Nelson J 3

1 - Hawai‘i Institute of Marine Biology
2 - One Breath Photography
3 - Hawaii State Department of Education

CephWorld (http://www.cephworld.com/) is a new independent online database © James 

B. Wood premiering at CIAC 2012. It is based on the experience of The Cephalopod 

Page and CephBase. In the last decade, large international “all species” databases have 

risen in popularity. We believe that there is a niche for these portals as well as smaller 

specialized taxa focused databases. Large databases have higher traffic as they have 

the advantage of providing “one stop shopping” for all animals. Smaller taxa specific 

databases can showcase important taxa-specific anatomical features such as beaks, 

radula and chromatophores as well as life processes such as growth physiology, life 
history, and behavior. One of the most overlooked benefits of taxa focused databases 

are the social benefits. Examples include: connecting researchers to their publications, 

networking potential graduate students to potential advisers, and community building. In 
addition, by making taxa specific information available in combination with the capability 

to network within a specific taxa database, an excellent resource for conservation and 

resource management planning is achieved. CephWorld will only be as good as its 

content, and its success will depend upon the members of the cephalopod community, 
for images, videos, publications, contact information and taxonomic input. As with past 
online projects, content providers retain copyright and public credit for assistance will be 
freely given.
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P126 - THE ROLE OF CEPHALOPODS IN THE SEASONAL DIET OF STELLER SEA 
LIONS IN SOUTHEAST ALASKA

Fortune SME 1; Nichols OC 2; Walker WA 3; Trites AW 4 
1 - University of British Columbia, Fisheries Centre

2- Provincetown Center for Coastal Studies
3- National Marine Mammal Laboratory, Alaska Fisheries Science Center, NMFS, NOAA 

4 - University of British Columbia

There are two distinct populations of Steller sea lions (Eumetopias jubatus) with opposing 
population trends in the North Pacific Ocean. The Western population (Gulf of Alaska 

to Russia) has been steadily decreasing and is listed as Endangered. Conversely, the 

Eastern population (southeast Alaska to California) has been increasing and is considered 
Threatened. Diet appears to play an important role in the population trajectories as 
higher rates of population growth correlate with higher diet diversity. Spatio-temporal 
changes in the primary prey of sea lions has been documented with particular focus 
on gadid species. However, the role of cephalopods in the diet of sea lions has been 
largely ignored. We sought to understand the relative importance of an understudied 

prey type—cephalopods—in the diet of sea lions in southeast Alaska. Sea lion scats 
were collected opportunistically between 2000-2010 from rookeries and haulouts and 
the prey groups were identified using hard part analysis. The importance of squid and 

octopus in the diet of sea lions in southeastern Alaska was evaluated by examining the 
frequency of occurrence of the primary prey types. In our analysis, the frequency of 
occurrence demonstrated the proportion of the sampled scats that contained squid or 
octopus. Overall, we found that the frequency of occurrence of squid was higher near 
resting sites (haulouts: ~11%, n = 1313) than breeding sites (rookeries: ~2%, n = 2308). 

However, the frequency of occurrence of octopus was the same (1%) in both areas. 
We then estimated the seasonal frequency of occurrence of cephalopods (squid and 

octopus) for haulouts (all seasons) and rookeries (only summer) that were sampled in at 
least 4 years. We found that ~19% of the scats sampled on haulouts in the fall (n = 401) 

contained either squid or octopus, followed by ~18% in winter (n = 500), ~12% in spring 
(n=848) and only ~10% in summer (n = 2858). Cephalopods represented a much smaller 
proportion of sea lion diet on the rookeries as only ~5% of the sampled scats (n = 2079) 
contained squid or octopus. These findings suggest that overall squid comprises a larger 

portion of Steller sea lion diet in southeast Alaska compared to octopus. Furthermore, 
squid is most important for sea lions occupying haulout sites during the fall and is a 

seasonally important prey item.
 
KEYWORDS: Steller sea lion; Seasonal diet; Squid and octopus 
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P127 - THE CEPHALOPOD SPECIES ASSOCIATED WITH THE DEEP WATERS OF 
THE EASTERN IONIAN SEA, AS EVIDENCED BY REMAINS IN THE STOMACH 
CONTENT OF Galeus melastomus

Karatza A 1; Lefkaditou E 2; Anastasopoulou A. 2; Mytilineou Ch. 2; Smith C 2

1 - Department of Marine Sciences, Faculty of Enviroment, University of Aegean

2 - Institute of Marine Biological Resources & Inland Waters, Hellenic Centre for Marine 
Research

Stomach content analyses of predator species diet may provide information on prey 
species distribution and seasonal fluctuations, particularly valuable for those prey 

species inhabiting deep pelagic waters and very rarely collected by sampling gears. The 
blackmouth catshark, Galeus melastomus was the most abundant species caught during 
the two trips of experimental bottom long-line fishing carrired out in June and October 

2010 at depths 365 –750 m in two sub-areas off the NW and SW coasts of Cephalonia 

island, in the latter of which coral species were common. Cephalopod remains, including 
55 whole specimens and loose beaks (1467 upper, 1628 lower), were sorted from the 
stomach and intestine content of 538 individuals of G. melastomus. Calibrated digital 
images of lower and upper beaks were obtained to enable measurement of standard 
beak dimensions and calculation of prey species size. A total of 22 cephalopod 
species, belonging to 13 families have been identified, including 14 oegopsid squids, 

1 myopsid squid, 5 octopods and 2 sepiolids. The sepiolid Heteroteuthis dispar was 
the predominant among the prey cephalopod species, as has been also observed in 
G. melastomus diet in different areas of the Mediterranean Sea, indicating the high 
abundance of this small-sized cephalopod in the deep pelagic zone and its importance 
to the food web. Other species frequently encountered were the enopoloteuthids Abralia 
veranyi, Abraliopsis morisii and Pyroteuthis margaritifera, as well as the onychoteuthids 
Onychoteuthis banksii and Ancistroteuthis lichtensteini, their frequency of occurrence 
varying with season rather than between sampling sub-areas. According to preliminary 
comparisons of the estimated mantle lengths among cruises, considerable variation in 
size composition has been demonstrated only for O.banksi, suggesting the recruitment 
of juveniles in G. melastomus feeding grounds during autumn. The recorded beaks of 
the epipelagic octopod Ocythoe tuberculata and the pelagic squid Brachioteuthis riisei, 
evidenced for the first time their presence in the Eastern Ionian Sea.

 
 
KEYWORDS: Deep-sea cephalopods; beaks; Galeus melastomus
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P128 - TROPHIC RELATIONSHIPS AMONG CEPHALOPOD SPECIES ALONG THE 
WATER COLUMN INFERRED FROM STOMACH CONTENTS AND STABLE ISOTOPE 
ANALYSES

Keller, S 1; Quetglas, A 1; Valls, M 1; Ordines, F 1; de Mesa, A 1; Massutí, E 1

1 - Instituto Español de Oceanografía (IEO), Centro Oceanografico de los Baleares (COB)

It is well known that cephalopods play a key role in the marine food webs, either as 
voracious predators or important prey of a large set of predators. In this study we 
investigated the trophic relationships among cephalopod species taken along the water 
column by means of stomach content and stable isotope analyses. With the main aim 

of determining if there are fluxes of matter between nectobenthic and pelagic domains 

mediated by cephalopods, we analysed different aspects such as diet composition, niche 
breadth, diet overlap and day-night feeding rhythms from samplings conducted in the 
western Mediterranean. Samples were collected on the shelf (200 m depth, bathymetric 
stratum 1) and slope (600-900 m, bathymetric stratum 2) during summer and autumn 
surveys. At the shelf bathymetric stratum, sampling was carried out at: 1) near surface 

(SUR1) from 0-60 m; 2) in the benthic boundary layer (BBL1), less than 50 m above the 

bottom; and 3) on the bottom (BOT1). At the slope bathymetric stratum, sampling was 
performed at: 1) near surface (SUR2) from 0-80 m; 2) in the 400-600 m deep scattering 

layers (DSL); and 3) on the bottom (BOT2). For comparative purposes, a few hauls 
were also performed near the bottom in this stratum (BBL2). In all cases, SUR, BBL 

and DSL samplings were performed using a mid-water trawl, while the BOT samplings 
were obtained using a bottom trawl. The stomachs of all cephalopod individuals caught 
in these samplings were analyzed, with the only exception of a few cases where random 
samples were taken owing to the large amount of available material. Whenever possible, 

a sample of three individuals per species was collected for stable isotope analyses. 
A total of 1286 stomachs from 26 cephalopod species belonging to 12 Families were 
analyzed. Although the percentage of empty stomachs was slightly higher in autumn 
(48%) than in summer (41%), this pattern was not general for all species. Significant 

diet overlap (Schoener index>0.6) was only found for a reduced number of species 
(Abralia veranyi vs Histioteuthis reversa vs Sepietta oweniana; and Heteroteuthis dispar 
vs Rondeletiola minor). Levins’ standardized niche breadth was lowest for Loligo forbesi 
(0.022) and highest for Pteroctopus tetracirrhus (0.720); for all other species this index 
ranged from 0.118 to 0.639. In most species diet composition changed with season, and, 
in general, prey diversity was higher in summer than in autumn.

 
 
KEYWORDS: Food webs; Stomach content; Isotope analysis 
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P129 - FORAGING ECOLOGY OF CORY’S SHEARWATERS IN DIFFERENT OCEANIC 
ENVIRONMENTS OF THE NORTH ATLANTIC: THE ROLE OF CEPHALOPODS

Paiva VH 1; Xavier JC 1; Geraldes P 2; Ramírez I 2; Garthe S 3; Ramos JA 4

1 - Institute of Marine Research
2 - SPEA
3 - FTZ, University of Kiel

4 - Institute of Marine Research, University of Coimbra

The use of stable isotopes of animal tissues to infer diet and habitat selection has 
emerged as a powerful tool, particularly when combined with conventional dietary 
analysis to provide an integrated view of the assimilated diet. We used 3 techniques 

during 3 yr (2006 to 2008) on 6 different populations of Cory’s shearwaters (Calonectris 
diomedea), ranging from neritic (Berlengas archipelago) to oceanic areas (Azores, 
Desertas and Selvagens archipelagos), to evaluate the trophic and foraging ecology 
of this species over the North Atlantic. We deployed data loggers to track foraging 

movements and feeding locations, and collected blood and diet samples from each 
individual after each foraging excursion. We also measured the isotopic signatures of the 

main prey species for each population. Analysis of stomach regurgitations showed that 
Trachurus picturatus was the main prey for populations exploiting oceanic environments 
(Azores and Desertas); Sardina pilchardus and Belone belone dominated the diet of 
birds feeding in neritic areas (Berlengas) and cephalopods (squid) were important for all 
populations, comprising up to 22.3% (mean = 13.7%) of the numerical frequency. The 
blood d13C signature was negatively correlated with the latitude of the main feeding 
locations of individuals and segregated populations exploiting neritic and shelf systems 
from those feeding in oceanic and seamount areas. The d15N signature was negatively 
correlated with the abundance of cephalopods in the diet. Our findings should have 

broader relevance to the study of foraging ecology of other top marine predators in the 
north Atlantic region.
 
 
KEYWORDS: Cory´s shearwaters; foraging ecology; cephalopods
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P130 - WHAT DOES THE GIANT SQUID Architeuthis dux EAT IN IBERIAN WATERS?

Regueira M 1; Belcari P 2; Guerra A 3

1 - Instituto de Investigaciones Marinas (CSIC)
2 - Dipartimento di Scienze dell’Ambiente e del Territorio Pisa University, Italy and 
University College London, UK
3 - Instituto de Investigaciones Marinas (CSIC)

Stomach contents of 7 specimens of the giant squid Architeuthis dux were analysed. 
The animals were 5 females and 2 males. Females weight ranged from 61 to 132 Kg 
and males weight between 30 and 47 Kg. All specimens were from the northern Spanish 
waters (Atlantic Ocean) except a 47 Kg male caught in the western Mediterranean Sea. 
Chitinous sucker rings and beaks of cephalopods, dermal denticles of cartilaginous 
fish, otoliths, vertebrae, jaws, other bones and crystallines of bony fish were the main 

remains. In the Atlantic specimens, the main preys were fish: Phycis blennoides (Greater 
forkbeard), Micromesistius poutassou (Blue whiting), Trisopterus sp., Atherina sp., Raja 
sp. and an unidentified Scombridae; one specimen presented cephalopods remains 

identified as Todaropsis eblanae (Lesser flying squid) and Galiteuthis armata (Armed 
helmet squid). In the stomach content of the Mediterranean specimen, the main preys 
were: Merluccius merluccius (hake) and Gobiidae. Preys size was estimated from some 
measurements of the remains. The “Russian doll” effect is discussed.

 
 
KEYWORDS: Architeuthis dux; trophic relationships; Atlantic Ocean, Mediterranean Sea
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P131 - THE RED OCTOPUS Octopus maya AS PUTATIVE PARATENIC HOST FOR 
WSSV: EVALUATION IN EXPERIMENTAL AND NATURAL CONDITIONS

Rodríguez-Canul R 1; Pérez-Campos, RAA 2; Pérez-Vega JA 1; Pascual C 3; 
Guillen Hernández S 4; Arjona-Burgos IJ 5

1 - Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional. 
Laboratorio de Inmunología y Biología Molecular
2 - Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional. 
Laboratorio de Inmunología y Biología Molecular
3 - Universidad Nacional Autónoma de México, Facultad de Ciencias, Unidad Académica Sisal

4 - Universidad Autónoma de Yucatán, Biología Marina

5 - Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional. 
Laboratorio de Inmunología y Biología Molecular

The red octopus O. maya, is an endemic species of Yucatán península, México that 

support an important fishery. The White Spot Sindrome Virus (WSSV) is a DNA virus 

that causes detrimental damage to the shrimp industry and in México both species are 
of valuable economic importance. The fact that O. maya is captured using crustaceans 
as bait during the artisanal fisheries raises suspicious about the possibility that O. maya 
could act as paratenic or reservoir host for WSSV. To evaluate this, 564 O. maya were 
collected from 4 localities and a sample of muscle was fixed individually in 96 ethanol. 

Additionally, 10 organisms were sampled and allocated individually in specific containers. 

They were orally infected with WSSV-infected shrimps (Litopenaeus vannamei). The 
cephalopods were sacrificed 4 weeks post-infection. All PCR were performed using the 

WSSV IQ2000®. The muscle samples were negative to WSSV, while in the experimental 

infections, 7 O. maya tested positive to WSSV: 2 in the gills and 7 in the digestive gland. 

Tissue samples from these organisms were placed in containers with 20 uninfected 
L. vannamei and after 2 days they tested positive to WSSV by PCR. In experimental 

conditions WSSV were found in the digestive gland and gills of O. maya without causing 
harm. The implications for being vector for the virus is discussed herein.
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Dietary studies are essential understanding the role of seabirds in the Antarctic marine 
ecosystem and therefore, form an integral component of most monitoring programmes 
worldwide. Furthermore, Antarctic seabirds are recognized as a major source of 
information of cephalopods today. Collecting diet data correctly can be a challenging 
and requires careful planning with respect field and analytical methodology and selection 

of predator species to study cephalopods. In this work, we will review the most recent 
advances in methods used to quantify diets of seabirds worldwide, with particularly 
emphasis for Antarctic seabirds. Firstly, we will briefly outline conventional diet 

quantification methods (e.g. analysis of stomach contents, faeces or pellets), particularly 

when analyzing cephalopods, and discuss their advantages and limitations. We will then 

provide an overview of more recently developed alternatives for studying diet stable 
isotope analysis, fatty acid analysis, and DNA fingerprinting. Our commentary will include 

methods for collection and storage, a brief account of laboratory and statistical analytical 
procedures and a critical comparison of their application compared to one another and 
conventional methods. Finally, some recommendations for the suite of methods that 
could be used to describe year-round diet for a number of cephalopod predators with 
differing feeding ecology will be presented.
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The South Sandwich Islands remain one of the least well sampled areas of the Southern 
Ocean. The few survey trawls conducted here have mostly been limited to regions 
shallower or deeper than the 500-2000m depth range operated by the longline fishery. 

In this study, the diet of Patagonian toothfish (Dissostichus eleginoides) and Antarctic 
toothfish (D. mawsoni) was examined in one of few regions with overlapping distributions 
of the two species. Large onychoteuthid squid (particularly Kondakovia longimana) 
appeared to be important prey for both toothfish species and are likely to be abundant 

throughout the island chain. A single colossal squid (Mesonychoteuthis hamiltoni) beak 
and two portions of tissue were also found in three separate stomachs. Macrourids and 
muraenolepidids dominate the finfish prey and the spatial distribution of their occurrence 

in toothfish stomachs is correlated with estimates of relative abundance from fishery by-

catch data. This study highlights the usefulness of analysing predator diet as a means 
for ‘sampling’ poorly known prey faunal distributions, such as cephalopods, where 
information from other means is limited.
 
KEYWORDS: Diet; toothfish; cephalopod distribution
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