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Relevant note for the submission of manuscripts

All those participants who want to publish their works in the
special issue of ICES Journal of Marine Sciences, Fisheries Research
or Iberus, Journal of the Spanish Malacological Society, have to
submit their manuscripts during the symposium or before
October 15, 2009. Those manuscripts accepted will be allocated
in the suitable journal by the Scientific Steeering Committee of
the Symposium. All manuscript should be submitted to Prof.
Angel Guerra (angelguerra@iim.csic.es) or to Dr. Angel F.
González (afg@iim.csic.es).
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1. LETTER FROM THE CHAIRS
Dear Participants,

Organizing a meeting is always a bit tricky. The audience is unknown, the interest of the topics,
the quality of the science and the societal relevance a matter of speculation. However, when
we first discussed where to organize the next Cephalopod International Advisory Council
within the Executive Committee of CIAC’06 in Hobart, we pushed forward to take the meeting
to our city. Finally, Vigo was selected as the place to celebrate the CIAC’09. Then the general
topic of this symposium was decided. However, many questions still remained to be solved.
In order to have an accurate idea of which topics will be of interest to the teuthologists com-
munity all around the world, our first action was to send an inquiry to all potential participants.
The answers to that inquiry allowed us to organize four workshops and a number of oral ses-
sions, beside the general subject of the CIAC’09 Symposium: “The effects of environmental
variability on cephalopod populations”. 

When the local organizing committee discussed the logistics for this conference we estimate
that about 250 scientists would register in this conference, and this appears to have been about
right. We have received 115 oral presentations and 95 posters. The majority was accepted, and
now all of you have a programme with 101 and 91 oral and posters communications, respec-
tively. Another encouraging issue was the selection of an appropriate venue. This matter was
solved thanks to the kindness of CAIXANOVA, which provided its new Social Center. One of
our objectives to CIAC’09 was to attract as many participants as possible from South and Cen-
tral America, and through the high number of presentations from many countries of that geo-
graphic area you are able to realize that we succeeded in this specific challenge. Sponsorship
was another key question. And, as you can see from the number and quality of sponsors, we
must be very grateful to several international and national organizations. 

Publication of papers in mainstream journals was another challenge. Thank to Adi Kellerman,
Head of the ICES Science Programme, and Andrew I.L. Payne, Editor-in-Chief of the ICES
Journal of Marine Science, some on them will be published in a special issue of the ICES J. Mar.
Sci. Furthermore, Alasdair McIntyre, Editor-in-Chief of Fisheries Research, allowed us the op-
portunity to publish another special issue with suitable presentations from the meeting. The
guest editors and the international steering scientific committee will oversee maintaining the
quality of these publications. We want to acknowledge the direct contribution of these institu-
tions and persons. 

The large participation and the diversity of subjects that are dealt during this meeting are to a
large degree also a result of the active cooperation and involvement of the cephalopod com-
munity at several levels. We will have also two invited talks by our colleagues Sigurd von
Bolezky and Paul G. Rodhouse. We would like honouring our colleagues Martina Compagno-
Roeleveld, Martin J. Wells and Peter R. Boyle who recently passed away.

We believe that all participants will find the venue to be a new and modern platform to present
their works. We also think that all of you will enjoy the excursions, and we hope that the
weather is suitable for these activities, including the diving one.

We have to acknowledge many people, especially the members of the local organising and sci-
entific steering committees, who have worked hard to plan for the smooth running of the sym-
posium, and also to the members of Viajes Atlántico. Most importantly, we thank all of you,
dear participants, because it is you who make the success of this meeting.

We hope that CIAC’09 will be an excellent encounter and the beginning of a new surge in
cephalopod research and its relevance to addressing the growing problems of the marine bi-
ology, adequate resource management, biodiversity loss and conservation of the marine envi-
ronment, ninety percent of the biosphere of our planet.

Welcome to Vigo and have a good CIAC’09 meeting!

Angel Guerra and Angel F. González
Symposium co-Chairs  
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2. LOCAL ORGANIZING COMMITTEE
Dr. Ángel Guerra. Instituto de Investigaciones Marinas (CSIC, Vigo)
Dr. Ángel F. González. Instituto de Investigaciones Marinas (CSIC, Vigo)
Dr. Santiago Pascual. Instituto de Investigaciones Marinas (CSIC, Vigo)
Mrs. María Teresa Férnández. Instituto de Investigaciones Marinas (CSIC, Vigo)
Dr. Francisco Rocha. Facultad de Ciencias del Mar. Universidad de Vigo
Dr. Jesús S. Troncoso. Facultad de Ciencias del Mar. Universidad de Vigo

3. SCIENTIFIC STEERING COMMITTEE
Dr. Ángel Guerra. Co-chairman. IIM (CSIC, Vigo). Spain. 
Dr. Ángel F. González. Co-chairman. IIM (CSIC, Vigo). Spain.
Dr. Alexander Arkhipkin. President of CIAC. Falkland Islands Government (UK). Russia.
Dr. Andrew Payne. The Editor-in-Chief of ICES Journal of Marine Science. CEFAS. UK. 
Dr. Louise Allcock. Queen’s University Belfast. UK. 
Dr. Eduardo Balguerías. IEO (Servicios Centrales Madrid). Spain.
Dr. Benjamin García García IMIDA (CARM, Murcia). Spain.
Dr.  Santiago Pascual. IIM (CSIC, Vigo). Spain.
Dr. Joao Pereira. IPIMAR , Lisbon. Portugal. 
Dr. Uwe Piatkowski. IFM-GEOMAR, Kiel, Germany.
Dr. Graham J. Pierce. University of Aberdeen (UK) and IEO (Spain)
Dr. David Posada. Universidad de Vigo. Spain.
Dr. Jean-Paul Robin. University of Caen, France. 
Dr. Francisco Rocha. Universidad de Vigo. Spain. 
Dr.  Pilar Sánchez. ICM (CSIC, Barcelona). Spain. 
Dr. Ignacio Sobrino. IEO (CO. Cádiz). Spain. 
Dr. Jesús S. Troncoso. Universidad de Vigo. Spain. 
Dr. Roger Villanueva. ICM (CSIC, Barcelona). Spain.
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4. INFORMATION ABOUT VIGO
Vigo is the most densely populated city in Galicia, the nucleus of a metropolitan area which is a point
of reference in the Galician-Northern Portugal Euroregion, due to its economic potential and its dy-
namic commercial, social and cultural life. 

The southernmost of Galicia’s rias, the Ria of Vigo is extensive and fertile. The ria is a drowned tec-
tonic valley of 172 square kilometres with estuarine circulation. The city is located in its midst, facing
the towns of Cangas and Moaña on the other shore. The Cíes Islands, which constitute a part of the
National Park of the Atlantic Islands, complete a landscape that enjoys a mild climate throughout
the year. The annual average temperature of 15oC gives us an idea of the weather that prevails from
the Rande Strait to the Cíes Islands. A climatic bonanza that, along with the city’s own dynamic na-
ture, attracts a fluctuating population of 500, 000 people. 

Vigo was inhabited by castro dwellers and Romans. It experienced attacks by sea from English pirates
and also had to fight on land against the French. The arrival of the Catalans boosted the city’s indus-
trial development, which has not stopped growing since it was founded. At the end of the 16th cen-
tury, the town had 868 residents, which rose to 15,000 at the end of the 19th century. The second half
of the 19th century was a time of continuous growth for the city, favoured among other things by in-
creased trade with America.  At the beginning of the 20th century, Vigo’s liberal middle class took
over the mechanisms of economic power. New industries were set up while communications im-
proved and new plans were created to expand the city. In just over ten years the population doubled
(there were 30,000 inhabitants in 1910.)

The Port of Vigo is the most important logistics platform and node for cargo transfer of all its
geostrategic hinterland, playing an ideal position in the axis of the Atlantic Arc respect the European
and American continents, to capture and receive as well as to distribute the whole maritime com-
mercial flow North-South. Over 750,000 tons of fresh fish annually make The Port of Vigo one of the
main fishing ports in the world. It is not only a case of fresh seafood, but of its great business activity,
its refrigeration capacity of over 650,000 cubic meters, and its strategic location for the key markets
of Italy, Portugal and France, which consolidate The Port of Vigo as the “First fishing port for human
consumption in the world” 

Vigo is surrounded by the sea, and in a land that provide the finest seafood in the world. Its gastron-
omy is based on good quality seafood (clams, mussels, cockles, oysters, crabs, spider crabs, barnacles,
lobster, cuttlefish, squid and octopus), on traditional recipes such as filloas (similar to omelettes),
fish, several kinds of cheeses (tetilla, requesón...), a tasteful white wine (albariño, condado, ribeiro)
and so on. 

To find more information about Vigo visit the web pages: www.hoxe.vigo.org/, www.uvigo.es,
www.apvigo.com/,  www.turismodevigo.org/

Telephones of interest

Vigo Airport: 986 268 200 Santiago Airport: 981 547 501 Bus station: 986 373 411

Taxis: 986 470 000 Railway station: 902 240 202 Mail office: 986 438 144                 



- 10 -

Cephalopod International Advisory Council Symposium (CIAC’09)

5. LIST OF RESTAURANTS NEAR THE SYMPOSIUM VENUE

Federación de Empresarios de
Hostelería de Vigo - Pontevedra

POBLACIÓN     36201 Vigo 
PROVINCIA       PONTEVEDRA 
DIRECCION      c/ García Babón,
90 - 1º oficina D 
TELÉFONO        986 432 400 
FAX                   
E-MAIL             secretaria@fe-
prohos.com 
WEB                  
www.frepohos.com

Less than 9 e
SIDRERÍA EL ESTRIBO
Address: Ecuador, 38
Telephone: +34 986 418 449
Type of cuisine: Home-made
Description: Access for disabled
It is possible to book in advance.
Menú del día 6 e
                                                             
LA TABERNA DE TONY
Address: Gil, 2
Telephone: +34 986 222 419

Between 9 and 18 e
LOS ARCOS
Address: Bjada. Fonte, s/n
Telephone: +34 986 222 019
Opening hours: 13.00-16.00 and
21.00-00.00

AGABIA
Address: María Auxiliadora, 16
Telephone: +34 986 224 951
Opening hours: 13.00-16.00 and
21.00-00.00

LA CERILLA
Address: Martin Codax, 10
Telephone: +34 986 433 907
Opening hours: 13.00-16.00 and
21.00-00.00

EL PESCADOR
Address: Ribeira do Berbes, 5
Telephone: +34 986 432 924
Type of cuisine: Galician
Speciality: Fishes from the ría

XFG CONCEPCIONES
Address: Areal, 12
Telephone: 986 223 769
Opening hours: De 13 a 16 y de 21 a
0 h.
City: Vigo

Between 18 and 27 e
PATIO GALLEGO
Address: Cesteiros, 7
Telephone: 986 438 857
Opening hours:
De 13 a 16 y de 21 a 0 h.

FENTO
Address: Urzaiz, 28
Telephone: 986 449 932
Opening hours:
De 13 a 16 y de 21 a 0 h.

IL TARTUFO (I)
Address: Ecuador, 89.
Area: Ecuador-Venezuela.
Tfn: 986 420 653
Type of cuisine: Italiana.
Price: De 18 a 27 e

Unknown price

CASA SAMANIEGO
Address: C/ Colón, 4 ( VIGO)
Telephone: 986 434 174
Fax: 986 438 113
Contact person: Vita Alonso

MESÓN DO DEZA 
Address: Canceleiro, 9
Area: Areal
Telephone: 986 228 864
Type of cuisine: Galician cuisine
Speciality: Lalin meat and several
fishes. On sunday in winter they cook
the famous “cocido de Lalín, you
have to reserve it (min. 4 people)
Home-made meals.
Description: Air conditioning.
Castilian style.
Open Sunday: yes.

CASA ESPERANZA
Address: Luis Taboada, 28 - Vigo
Telephone: 986 228 615
Closed days: Sundays, public holi-
days and second fortnight of August.
Facilities: Visible kitchen 
Speciality: nice stews

RÍAS BAIXAS
Sea food. There are two locals. 
García Barbón, 16 y 21. 
986 22 30 41 y 986 225 145.

O ELIXIO
The 1st galician literary tavern. Good
wines. “Tapas”.
Travesía da Aurora (Príncipe), s/n.

BAIONA
In the menu there are only two dishes
“galician stew and spaguetti”.
Only open from 20,00 - 08,00.
Poboadores, 55

MESON O GRELO
c/ Areal, 18
Telf.: 986 220 774
It has got private dinnig rooms.

BAR COCEDERO LA PIEDRA
C. Pescaderia 3, Vigo;
phone: +34 986 223 765

CASA VELLA
C. Pescaderia 1, Vigo;
phone: +34 986 22 72 44.

EL REY PESCADOR LA TABERNA
DEL PUERTO
Club Nautico, Paseo As Avenidas,
Vigo.

MESON LOS ARCOS
Bajada a la Fuente, Vigo;
phone: +34 986 222 019

BASILIO-TORALLA
Playa de Canido, 217 VIGO 986
490 061 8 Km
Traditional Galician cuisine.
Seafood of the ría, fish stews, ma-
rine rice, “cañitas” (custard-filled
pastry rolls). Average price 31 e.
Access for the disabled Air condi-
tioning Car park Garden Terrace Ac-
cepts credit cards Car parking
service - Closed Sundays, and from
15th September to 15th October.

LAS BRIDAS
c/ Ecuador, 56 VIGO 986 430 037 
Octopus carpaccio with water-
melon, seafood and fish from the
ría, apple pie. Average price 36 e.
Access for the disabled Air condi-
tioning Car park Accepts credit
cards. Closed Sundays, public holi-
days and Easter week. 

EL CASTILLO
Parque del Castro, s/n VIGO
986 421 111 
Their specialities are the seafood
and fish roasted to the live coal and
furnace of firewood (stroke, lobster,
Norway lobster, sea bream, lubina,
rodaballo...), although also is nec-

essary to emphasise medallions of
lobster to the whiskey, merluza with
seafood sauce clams... and the di-
verse ones pressed creation of the
restaurant.  Average price:  40 e
Closed:  Easter, Sunday night and
Monday - Parking. Admit cards

CÍES
Playa de Canido 199 VIGO
986 490 101 8 Km. 
Pasty, turbot, “cañitas” (custard-
filled pastry rolls).
Average price 30 e.
Air conditioning Car park Terrace
Accepts credit cards
Closed Sunday nights and Mon-
days except from June to the 15 of
September, and from 23 December
to 23 January.

PACO FEIXÓ
C.Arenal, 28 VIGO
986 435 734 
Sampling menu and average price
42 e.
Air conditioning Accepts credit
cards. Closed Sundays, 10 days at
Easter, 10 days in August and 10
days at the end of the year. 

AXEIRO
Ecuador, 80 VIGO
986 425 204 
It offers an eclectic menu that in-
cludes diverse gastronomically ten-
dencies:  traditional, regional and
international.  Average price:  20 to
29 Euro  Conditioned air. Admits
Cards - It closes:  Sunday night.

MARUJA LIMÓN
Baixada a Salgueira, 52 VIGO
986 473 406 
Very well elaborated simple kitchen
although.  Average price:  33 to 40 e.
Conditioned air. Parking. Admit
cards. Closes Easter, 1ª week of Au-
gust, Saturday noon and Sunday
night in winter, Sunday in summer
and Monday.

EL MOSQUITO
Pza.da Pedra, 4 VIGO
986 433 570
Seafood and fish of the ria, Galician
“empanada”, stuffed “cañitas” (cus-
tard-filled pastry rolls). Average
price 48 e.
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Access for the disabled Air condi-
tioning -Closed on Sundays, and
from 10 August to 5 September.

LA OCA
Av. Purificación Saavedra, 8 VIGO
986 371 255
Set menu and average price 28 e.
Access for the disabled Air condi-
tioning Car park Good quality /
price relation Garden Accepts credit
cards. Closed on Monday and Tues-
day nights, Saturdays, Sundays,
Holy Week and 20 days in August.

PUESTO PILOTO ALCABRE
Av.Atlántida 98 VIGO
986 241 524 - 3,5 Km.
A classic restaurant of the Galician
cuisine in the recipes of Vigo
marineras. Condado and Albariño
wines. Average price 30 e.
Access for the disabled Air condi-
tioning Car park Good quality /
price relation Accepts credit cards
Closed on Sunday evenings and a
fortnight in November. 

ASADOR SORIANO
Chans, 23 BEMBIBRE
986 481 373 - 6 km 

Excellent traditional fish and
seafood recipes. Grilled sole, hake
in green sauce. Good wines and
professional wine-waiter. Average
price 60 e.
Car park Garden Terrace Accepts
credit cards
Closed Sundays and at Christmas.

BAR TAPERÍAS

TAPAS A REAL
México, 36 VIGO / 986 418 643
Type inn “tapería “ with ample bar
and a small dining room. Inlays,
salads, vegetables, shaken, fished

and meats (skewer of sirloin,
chuletillas of lamb. Price half ration:
8 Euro. Conditioned air. Admits
cards – Closes: forth week of Au-
gust, Sundays and bank holidays.

LA TABERNA DE TONY
c/ Gil VIGO 
Careful menu, in where you find  cold
“tapas”, fish and seafood, salads and
vegetables, shaken and tortillas,
meats, Spanish  jam  and inlays,
cheeses, pates, tables and desserts.
They have a meal of the day by 6,61
Euro, that includes drink, dessert and
coffee

1. CAFE ROYAL ATLANTICO
C/POLICARPO SANZ, 11
TLF 986 227 109

2. CAFETERIA NEA
C/PRINCIPE

3. CAFETERIA JACKIE´S 
MARQUESDE VALLADARES, 84
COMBINED DISHED

4. CAFETERIA BRIDOMAR
MARQUES DE VALLADARES, 16
COMBINED DISHED

5. CAFETERIA COSMOS
MARQUES DE VALLADARES, 19 
COMBINED DISHED AND “TAPAS”

6. RESTAURANT RECONQUISTA 
C/RECONQUISTA, 4 
SPECIALIZED IN CURED JAM

7. RESTAURANT MESON
COMPOSTELA
PL.COMPOSTELA, 
SEAFOOD AND SAUSAGES

8. RESTAURANT EL TARTUFO
PL.COMPOSTELA, 16 
ITALIAN COUSINE

9. CAFETERIA MARBELLA COLON
COLON, 9 
SELF SERVICE

10. EL PANCHO
ARENAL, 20
ARGENTIAN COUSINE

11. PRADA A TOPE
PL.DE COMPOSTELA, 19
REGIONAL COUSINE FRON THE BIERZO

12. ELGALLINERO 
COLON Nº 5

13. ITALIAN RESTAURANT 
PABLO MURILLO, 4

14. CHINESE RESTAURANT
SHANGHAI 
PL.COMPOSTELA, 27

15. MESON LA CATE
PL.COMPSOTELA, 31
MEAT, FISH ”TAPAS”

16. EL CORRAL 
PL.COMPOSTELA, 36
“TAPAS”GRILL,CURED JAM...

17. LA TRUCHA Nº2
CASTELAO, 5 
FISH, MEAT 

18. LA COCINADE SUSI
TABOADA, 9 

REGIONAL COUSINE

19. RESTAURANT CARBALLEIRA 
MONTEROSRIOS, 32
REGIONAL COISINE

20. RESTAURANT LA QUILLA
MONTEROS RIOS, 10 
“TAPAS”

21. RESTAURANT EBANO 
LUIS TABOADA, 27
FISH, REGIONAL COUSINE

22. SEAFOOD RESTAURANT  BAHIA
CANOVAS DEL CASTILLO, 24
SEAFOOD 

12
4
3

5
6
7
8
9

10

11
13
14
15

16
17
18

19
20

21

22

12
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6. MAP OF THE VENUE

Web page: www.centrosocialcaixanova.com/naturnova/

Reception and delivery of materials

Material will be provided on Sunday (September 6) from 16.00 to 20.00 and Monday from 8.00

to 10.00 h in the registration desk located at the Caixanova Venue. Street Policarpo Sanz 24-26.
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7. CONFERENCE SECRETARIAT

Contact person: Alejandra Piedrafita

Viajes Atlántico: Central office: Plaza de Fuenterrabía nº 3

15702, Santiago de Compostela. Spain - Tel. +34 981569040; Fax: +34 981569042

E-mail: alejandra@atlanticocongresos.com

Web page: http://www.iim.csic.es/  

Angel Guerra Ph.D. Profesor de Investigacion / Research Professor Instituto de Investigaciones Marinas
(CSIC) 

Eduardo Cabello 6 36208 Vigo, Spain 

Tel. 34 986 23 19 30 ext. 180 Fax 34 986 29 27 62 E-mail: angelguerra@iim.csic.es 

• Conference Center

u H. Ciudad de Vigo

v H. AC Palacio
Universal

w H. Bahía de Vigo

x H. IBB Ensenada

y H. Compostela

z H. Galicia

{ H. Dinastía

| H. Atlántico
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8. WORKSHOP PROGRAMME

3-4 September

1. Recent advances in age, growth and production estimations in cephalopods

Chairman: Alexander I. Arkhipkin (AArkhipkin@fisheries.gov.fk)

2. Cephalopod trophic relationships

Chairman: Graham J. Pierce (g.j.pierce@abdn.ac.uk)

3.  Review of the ecology of cephalopod pelagic wild paralarvae

Chairman: Angel F. González (afg@iim.csic.es)

Workshops 1, 2 and 3 will be held at the Social Centre Caixanova. Street Policarpo Sanz 24-26
Time schedule is 10.00-13.30 - Lunch time- 15.00-18.00. 

4. Assessment of cephalopod species for inclusion in the IUCN Red List of Threatened Species, under
the umbrella of CIAC and the Zoological Society of London (ZSL). 

Chairwoman:  Louise Allcock (louise.allcock@gmail.com)

Workshop 4 will be held on Sunday 6th September at the Instituto de Investigaciones Marinas (IIM, CSIC).
Address: Eduardo Cabello 6, 36208 Vigo. Telephone: +34 986231930; Fax: 986292762.
Time schedule is 10.00-13.30 - Lunch time- 15.00-18.00.

The workshops will include oral presentations on each issue and a round table discussion.
Chair persons will appreciate in advance the presentation of all participants and also any sug-
gestion for developing the meeting. 



9. PROGRAMME OF ORAL AND POSTER PRESENTATIONS
Monday, 7th September

09. 00 h. Symposium opening
      
      Introductive talk by the Symposium organisers and the current CIAC President.

10.15 h. Invited Talk: Sigurd von Boletzky

Observatoire Océanologique de Banyuls-sur-Mer, France

Cephalopod embryology: a review. Modern cephalopod embryology arose from zoological studies
of the mid 19th century, in succession of Karl Ernst v. Baer’s seminal work. In 1844 Albert Kölliker published
a very detailed description of embryonic development based on four cephalopod species. Such studies ben-
efited by the use of increasingly powerful microscopes for observations of (1) living eggs and embryos and
(2) histological sections, which were prepared from preserved material. Technical improvements of tissue
staining (both vital and histological) allowed authors of the late 19th century to study various aspects of
organogenesis and tissue differentiation in cephalopod embryos. Starting from early cleavage stages, the
processes of (superficial) blastulation and the ensuing (epibolic) gastrulation were also recognized as pre-
requisites for the subsequent morphogenetic changes that a developing embryo is undergoing and/or gen-
erating. The culmination of descriptive cephalopod embryology was Adolf Naef’s work achieved at Naples,
from his Ph. D. thesis (1909) to the superbly illustrated Embryology volume, including an excellent staging
system (1928). Naef already placed emphasis on the potential use of cephalopod embryos for experimental
studies, and he drew particular attention to the teratological effects obtained at will. Experimental embry-
ology of cephalopods became an increasingly promising field of research in developmental biology since
the 1960ies, while descriptive cephalopod embryology continued to shed light on the evolutionary mor-
phology of cephalopods (which is indispensable e. g. for Paleobiology). Regrettably, the bottom up view of
developmental physiology was only rarely combined, for mutual elucidation, with the top down view of
comparative evolutionary morphology – that combination could long since have generated the integrative
study of cephalopod evolutionary developmental biology (“evo-devo”), which then had to await the rise
of developmental genetics. This final turn clearly invigorated cephalopod embryology. Recent studies in-
deed contribute to a deep and broad understanding of developmental patterns and processes in the greater
scope of evolutionary biology.

11.00-11.25 h.  Coffee break

Oral presentations have a total of 15 minutes, which should be partitioned as a
maximum of 12 minutes for the presentation plus 3 more minutes for questions.

Sesion chairs will be asked to enforce the time limits.
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Symposium session:
The effects of environmental variability on cephalopod populations

Chairman: Angel F. Gonzalez

11.30 h.
1. André J1, Pecl GT1, Semmens JM1, Grist EPM2, Haddon M3 and Leporati S1

1. Tasmanian Aquaculture and Fisheries Institute (TAFI). University of Tasmania, Private Bag 49, Hobart, Tas 7001,
Australia 2. Environmental Research Institute, North Highland College, UHI Millenium Institute, Castle Street,
Thurso, Caithness, KW14 7JD, Scotland. 3. CSIRO Marine & Atmospheric Research, Castray Esplanade, Hobart, Tas.
7000, Australia

Modelling the potential impact of climate change on octopus populations. Predicting
the consequences of climate change on cephalopod populations is challenging, particularly as in-depth
understanding of the mechanisms driving population dynamics and recruitment is lacking for most
species. Using a combination of laboratory and field data, a series of models was developed to investigate
the potential impact of climate change over the next 65 years on a commercially exploited octopus species
around Tasmania, one of the fastest-warming ocean regions globally. Based on the concept that growth
is bi-phasic, bioenergetic models were first generated to investigate the influence of temperature on the
energetics of octopus, and its associated impact on growth. Predictions suggested that metabolism would
have the greatest influence on the body weight at the transition out of the exponential growth phase. The
bioenergetic model was further developed to include seasonal temperature and individual variability in
order to predict individual growth trajectories of females within cohorts, from hatching through to egg-
laying. This enhanced model was then used to parameterize a matrix population model to explore the
impact of climate change (using the highest predicted emission scenario) on the population dynamics of
Octopus pallidus. Small changes in survival had a great impact on the timing of life-history events (phe-
nology), mostly as a consequence of temperature’s influence on size at maturity, fecundity and incubation
time, resulting in threshold changes in the population dynamics. Cephalopods are ecologically important
and this research is an attempt to model the effect of climate change on the population dynamics of these
short-lived, fast-growing predators.

11.45 h.
2. Arkhipkin AI and Laptikhovsky VV

Fisheries Department, P.O. Box 598, Stanley, FIQQ 1ZZ, Falkland Islands

Invasion from the deep: utilisation of shelf resources by deep-sea squid and fish. Some
abundant sub-polar and temperate deep-sea squid (Moroteuthis spp., Gonatus spp.) and fish (toothfish
Dissostichus eleginoides, sablefish Anoplopoma fimbria) follow specific ontogenetic migration patterns during
their life cycle. They spawn and let their eggs develop in meso-bathypelagic waters over the continental
slope. Larvae and small juveniles ascend to epipelagic waters to feed and grow in the vicinity of the con-
tinental slope. After reaching a specific absolute length (10-15 cm), juveniles move to shallow water and
spend about half a year (squid) or 2-4 years (fish) using the shelf as feeding grounds. Utilisation of pro-
ductive shelf resources together with the warmer environment enables the juveniles to grow fast. They
quickly attain large size that otherwise would take much longer if they were in the adjacent cooler, less
productive pelagic waters over the slope and in the open ocean. After active shelf life, adults return to
the slope, changing their body consistency. Squid muscles become more watery and contain great con-
centrations of ammonia, whereas those of fish acquire more fat to render them neutrally buoyant in their
deep-water habitats. Interestingly, after migration to deep water, large adults remain at the same (IV-V)
trophic level as they were on the shelf. They seem to grow large not to escape from predators or to utilize
the resources of the next trophic level, but to increase individual fecundity. Bigger mature animals have
greater fecundity that, together with large eggs, embryonisation and a larger size of hatchlings increase
survival rates at the early stages of ontogenesis.
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12.00 h.
3. Camarillo-Coop S, Ramos-Castillejos JE and Salinas-Zavala CA

Centro de Investigaciones Biológicas del Noroeste S.C. Mar Bermejo 195. Col. Playa Palo de Santa Rita. CP. 23090. La
Paz, B.C.S., México. 

Mexican North Pacific as reproductive area of the jumbo squid Dosidicus gigas (d’Or-
bigny, 1835) The Gulf of California support a jumbo squid, Dosidicus gigas, fishery all year round while
in the west coast off Baja California Peninsula that fishery is occasional. The analysis of maturity stages
in adults suggests that the jumbo squid is mature along the year inside the Gulf of California. However,
the presence of paralarvae seems to be related with some oceanographic conditions in the Pacific coast.
Paralarvae were sorted from zooplankton samples collected with Bongo net tows in 2005 (January-Feb-
ruary, July-August, and October) as part of the IMECOCAL Program which covered the area from Ense-
nada, BC through Punta Abreojos BCS, México and 2008 (February, April, June and September) in the
central region of the Gulf of California from CIBNOR-Jumbo Squid Project. In the west coast paralarvae
were present in all cruises, a total of 234 paralarvae from 0.8 to 6.0 mm ML were distributed off Punta
Eugenia and the Gulf of Ulloa, mostly within the first 110 nautical miles (nm) from shore, although some
were collected beyond 150 nm off shore. In the central region of the Gulf of California, paralarvae were
present only in warm season, cruises of June (along the peninsular margin of Santa Rosalía, BCS) and
September (from Santa Rosalía to Guaymas, Son), with a total abundance of 82 paralarvae from 0.8 to 5.5
mm ML. Detected spawning areas are discussed in relation with oceanographic conditions.

12.15 h.
4. Ceriola L1, Krstulović Šifner S2, Joksimovic A3, Kuka B4, Manfredi C5, Pesic A3, Petrić

M2, Picinetti C5, Ungaro N6 and Vrgoč N7

1. FAO-MedSudMed. Viale delle Terme di Caracalla. 00153 Rome, Italy. 2. University of Split, Center of Marine Stud-
ies, Livanjska 5/III, 21 000 Split, Croatia. 3. Institute of Marine Biology. PO Box 69. 85330 Kotor, Montenegro. 4. Agri-
cultural University of Tirana. Tirana, Albania. 5. Laboratory of Marine Biology and Fisheries. Viale Adriatico, 1/N.
60132 Fano (PS), Italy. 6. Agenzia Regionale per la Prevenzione e Protezione dell’Ambiente (ARPA) Puglia. Corso
Trieste, 27. 70100 Bari, Italy. 7. Institute of Oceanography and Fisheries, Šetalište Ivana Meštrovića 63, 21 000 Split,
Croatia.

Comparison of biological characteristics of commercially important cephalopods in dif-
ferent areas of the Adriatic Sea (Central Mediterranean). Cephalopods constitute important
fishery resources in the Adriatic Sea (Central Mediterranean). They are caught using different kinds of fi-
shing gears, primarily bottom trawl nets, and they contribute to a large fraction of commercial landings in
the region. The Adriatic Sea is one of the largest and best defined areas of the occurrence of shared stocks
in the Mediterranean and cephalopod stocks are exploited by fishing fleets of several countries, namely:
Albania, Croatia, Italy, Montenegro and Slovenia. Among cephalopods, Eledone cirrhosa, Illex coindetti, Loligo
vulgaris and Sepia officinalis are regarded as the main fisheries target species taking into account both the
total capture production and the market prize. In the present study, the main biological characteristics of
these species in terms of distribution, size range, length frequency distribution, length-weight relationship,
sex ratio and size at maturity are described for the Northern and Central and for the Southern Adriatic Sea
using both fishery dependent (commercial landings) and fishery independent data (bottom trawl surveys).
The biological parameters are compared and differences among areas are pointed out. The results are di-
scussed in the light of differences in environmental factors characterising each part of the Adriatic basin. 

12.30 h.
5. Chih-Shin Chen1 and Tai-Sheng Chiu2

1. Institute of Marine Affairs and Resource Management, National Taiwan Ocean University, 2, Peining Road,
Keelung 20242, Taiwan. 2. Institute of Zoology, National Taiwan University, 1, Sec. 4, Roosevelt Road, Taipei 10617,
Taiwan.

Abundance trend for two stocks of neon flying squid (Ommastrephes bartramii) in
the North Pacific. Neon flying squid (Ommastrephes bartramii) in the North Pacific is the target
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species for a commercial fishery, which composed of international fleets from China, Japan, and Taiwan.
Two stocks, each with seasonal cohorts of neon flying squid has been suggested by which different life
history traits and geographical distribution can be drawn from. In this study, we examined the abun-
dance trend for two stocks of neon flying squid in the North Pacific using the catch data of Taiwanese
squid fishery from 1986 to 2007. Eight monthly squid series (three for NE stock, five for NW stock) and
two explanatory variables (sea surface temperature in September in presumable hatching grounds and
Southern Oscillation Index) were analysed using dynamic factor analysis (DFA). The optimal DFA
model contained two common trends and both of the explanatory variables. The first common trend
shows a decrease from 1990 to 2000 and a slight increase after 2001 onwards, and is positively related
to the squid series of NW stock. The second trend identifies a decrease from 1987 to 1997, followed by
an increase until 2004, and is positively related to the squid series of NE stock No significant correlation
between squid series and SST or SOI series was found, although both variables could improve the DFA
model. The possible effect of fishing impacts on the abundance trend for two stocks of neon flying squid
was discussed.  

12.45 h.
6. Chouvelon T, Spitz J, Caurant F, Mendez Fernandez P and Bustamante P

Littoral Environnement et Sociétés (LIENSs), UMR 6250 CNRS-Université La Rochelle, 2 Rue Olympe de Gouges,
F-17042 La Rochelle Cedex 01, France.

Ontogenetic changes on metal accumulation in cephalopods: comparison of squid
and cuttlefish. Cephalopods accumulate high metal concentrations in their tissues, particularly in
the digestive gland and in the branchial hearts. Such a high bioaccumulation has been related to high
feeding rates and elevated assimilation and retention efficiencies of both essential and non-essential
metals. Different factors such as body size, geographic origins or season influence metal concentrations
in the tissues of cephalopods from the field but results are often contradictory. In this study, we inves-
tigated the influence of age (mantle length), trophic level and habitat (through nitrogen and carbon iso-
topes analyses) on Cd, Co, Hg and Se concentrations in the digestive gland and mantle muscle of Sepia
officinalis and Todarodes sagitattus from the Bay of Biscay. In both species, recorded metal concentrations
in the digestive gland were significantly higher than those in the mantle muscle. However, Hg concen-
trations in the muscle tissue increased with mantle length, the correlation being significant in the cut-
tlefish. Moreover, Hg and Se concentrations in the digestive gland were significantly correlated in both
species, suggesting that Se could play a role in the detoxification of Hg in this organ. Nitrogen and car-
bon stable isotope ratios (d15N and d13C) measured in the muscle tissue varied greatly within each
species, ranging from 10.1 to 14.8 ‰ and from -18.0 to -15.8 ‰ respectively in S. officinalis, and from
10.7 to 13.4 ‰ and from -18.7 to -17.0 ‰ in T. sagitattus. In both species, concentrations of Cd, Co, Hg,
and Se in the digestive gland decreased with the trophic level (d15N) suggesting that differences in metal
accumulation were related to ontogenetic changes in the diet in both benthic and pelagic cephalopods.

13.00 h. 
7a. Coulonval M1, Lacoue-Labarthe T2, Le Bihan E1 , Bustamante P2 and Koueta N1

1. Laboratoire de Biologie et Biotechnologies Marines, UMR 100, IFREMER Physiologie et Ecophysiologie des Mol-
lusques Marins, Université de Caen Basse-Normandie, Esplanade de la Paix, 14032 Caen Cedex, France 2. Littoral,
Environnement et Sociétés (LIENSs), UMR 6250, CNRS-Université de La Rochelle, 2 rue Olympe de Gouges, F-
17042 La Rochelle Cedex 01, France

Characterization of acid phoshatases in embryo and in yolk during cuttlefish Sepia
officinalis eggs development: effects of non- essential heavy metals (Ag and Cd) in
the two compartments. The experimental study of acid phosphatases has been achieved for embryo
and yolk during cuttlefish eggs development. The effect of different concentrations of dissolved heavy
metals (Ag and Cd) on this enzyme has been tested. The enzyme characterization has shown that two
different types occur in the embryo and in the yolk. Furthermore, these acid phosphatases are different
of the one present in adult digestive gland. The acid phosphatase activity increases in the embryo during
development and decreases in the yolk. No morphological modification in embryo is observed exter-
nally after contamination with Ag (2µg/L and 100 ng/L) and Cd (5 µg/L and 500 ng/L). In the enzy-
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matic studies, modifications of acid phosphatase activity are noticed. An Ag concentration of 2 µg/L
stimulates acid phosphatase activity in the embryo and inhibits it in the yolk. Cd inhibits enzyme ac-
tivity in the embryo since 500 ng/L.

13.15 h.
7b. Keyl F1, Argüelles J2 and Tafur R2

1 Centre for Tropical Marine Ecology (ZMT), Fahrenheitstr. 6, 28359 Bremen, Germany. 2 Instituto del Mar del Peru
(IMARPE), Esquina Gamarra y General Valle S/N, Chuquito, Callao, Peru

Energy optimization as response to adverse environmental conditions: the Dosidicus
gigas case. Changes in life history traits have been observed for many species. In case of the relatively
few well-studied marine species – usually those that are extensively exploited – such changes have often
been attributed to the negative impacts of fisheries only. Cephalopods are highly plastic in their response
to environmental variability with their stock dynamics and life history traits being affected by a number
of factors. An example is the ommastrephid jumbo squid Dosidicus gigas that not only increased its abun-
dance during a regime of increasing fishing pressure but has also expanded its distribution range and
doubled its size-at-maturity. Apart from the increase in abundance and size-at-maturity, the present
study found high variability for growth rate, longevity and mean size as well as for the sex-ratio, annual
cohort number and general reproductive strategy. Additionally, it showed that maturation of males and
females are temporally decoupled and cannibalism can be extremely high. In the northern Humboldt
Current System environmental variables are closely related to water masses and their productivity. Ex-
tension and location of different water masses are related to large-scale climatic variability and during
the study period cooler, more productive water masses prevailed in the system. All alterations observed
here are energetically on a higher level. As in the same time fishery pressure increased, we propose that
the observations are the expression of a phenotypic energy optimization strategy responding to envi-
ronmental conditions.

13.30-15.30. Lunch time

Symposium session:
The effects of environmental variability on cephalopod populations

Chairman: Paul G. Rodhouse

15.30 h.
8. Garofalo G1, Ceriola L2, Gristina M1 and Fiorentino F1

1. Istituto per l’Ambientale Marino Ccostiero-Centro Nnazionale per le Ricerche (IAMC-CNR). Via L. Vaccara, 61.
91026 Mazara del Vallo (Trapani), Italy. 2. FAO-MedSudMed. Viale delle Terme di Caracalla. 00153 Rome, Italy.

Nurseries, spawning grounds and recruitment of Octopus vulgaris (Cuvier, 1797) in
the Straits of Sicily (central Mediterranean) Octopus vulgaris is one of the most impor-
tant cephalopods in the Mediterranean Sea in terms of fisheries. Locating nursery and
spawning grounds, and gaining an understanding of environmental factors related to
successful recruitment and of occurrence of shared stocks are essential for management
of this species. In this study, the occurrence of nursery and spawning grounds, the re-
lationship between sea surface temperature (SST) and the abundance of juveniles and
mature O. vulgaris in the Straits of Sicily, central Mediterranean are investigated using
fishery-independent data (experimental trawl surveys, years 1994-2007). Annual distri-
bution maps were generated for mature individuals and juveniles for the spring-summer
(peak of reproduction) and autumn (peak of recruitment) seasons using an Inverse Di-
stance Weighted Deterministic Interpolation. Based on the persistent presence of a high
abundance of recruits and of mature individuals respectively, nursery and spawning
grounds were tentatively identified. The correlation between recruitment and SST was
also investigated. Areas of concentration of juveniles (nurseries) were located off the
south-western Sicilian coast and in the central Straits of Sicily including South of Lam-
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pedusa on the African platform, while only a stable area of concentration of mature in-
dividuals (spawning grounds) was found in the north-west sector of Straits of Sicily. No
relationship between spawning stock biomass (SSB) and recruitment, and between SSB
and SST, was evident, while there was a significant positive correlation between recruit-
ment and SST. Results are discussed in the light of information on environmental para-
meters and a hypothesis on the occurrence of stock units is formulated.

15.45 h.
9. González AF, Otero J, Álvarez Salgado XA and Guerra A 

Instituto de Investigaciones Marinas (CSIC), Vigo, Spain. 

Ecology of Loligo vulgaris wild planktonic paralarvae in the Ría de Vigo (NE At-
lantic) Paralarvae distribution and abundance were studied in the common squid, Loligo vulgaris, by
examining 367 specimens collected off the Ria de Vigo (NW Spain, NE Atlantic Ocean) for the period
2003-2005. A total of forty seven surveys–45 and 4 during daylight and at night, respectively- were un-
dertaken to collect plankton and to obtain hydrographic samples. Four transects were studied in the
inner and outer sides of the Cíes Islands (Ria de Vigo, north-western Spain). Paralarvae were present
all year round in this area with a peak of abundance located in spring-early summer. They were more
abundant near the bottom at daylight and in surface waters at night. Furthermore, the number of spec-
imens collected at night were much higher (maximum abundance of 43 paralarvae 1000m-3) than those
obtained during daylight (maximum abundance of 7 paralarvae 1000m-3). Most of these specimens were
captured in the outer part of the Ría. The relationship between chemical oceanographic data and the
abundance of the larvae was also assessed. 

16.00 h. 
10. Kidokoro H1, Goto T1, Nagasawa T2, Nishida H3, Akamine T3 and Sakurai Y4

1. Japan Sea National Fisheries Research Institute (FRA). Niigata, 951-8121, Japan 2. Hokkaido National Fisheries
Research Institute (FRA). Kushiro, 085-0802, Japan 3. National Research Institute of Fisheries Science (FRA), Yoko-
hama, 236-8648, Japan 4. Graduate School of Fisheries Science, Hokkaido University, Hakodate, 041-8611, Japan

Impact of climatic regime shift on the migration pattern of the Japanese common
squid Todarodes pacificus in the Sea of Japan. In the northwestern Pacific including the Sea
of Japan, the oceanographic conditions changed in 1989 (88/89 climatic regime shift; 88/89CRS). The
trends in stock size of various fisheries resources also changed coinciding with 88/89CRS. For Todarodes
pacificus the location of the main spawning grounds shifted from coastal areas of the Japanese mainland
to the Tsushima Strait with 88/89CRS, and subsequently an increasing trend in stock size. In this study,
we examined the change in migration pattern of T. pacificus, which is considered to be concerned with
the change in spawning ground location. The change in migration pattern was examined based on tag-
ging experiments that were conducted in July-September of 1984 and 1987-1991. Migration patterns
were examined with the monthly shifts in recaptured sites. The average latitude of the recapture site
every 10 days was calculated as the index of the southward-migration (spawning migration). In Sep-
tember 1984, 1987, 1988 (pre-88/89CRS) recapture records were obtained from both the central part of
the Sea of Japan and also in coastal areas of the Japanese mainland. However, in September 1989-1991
(post-88/89CRS) no records were obtained from coastal areas of the Japanese mainland. During Sep-
tember pre-88/89CRS the average latitude of the recapture site was about 36-37oN, however, during
September post-88/89CRS the average latitude was sustained above 40oN, which is approximately the
same latitude as the release sites. These results suggest that the migration pattern change coincided
with 88/89CRS and has affected the site of spawning grounds, and subsequently the increasing trend
in stock size.
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16.15 h.
11. Kuipers M , Moltschaniwskyj N and Bolch Ch

National Centre for Marine Conservation and Resource Sustainability, Australian Maritime College, University of
Tasmania, Locked Bag 1370, Launceston, Tas. 7250, Australia.

Environmental effects on population characteristics between generations of the
short-lived southern dumpling squid, Euprymna tasmanica. Squid provide a useful model
to test the nature and strength of inter-generational links and the non-genetic influences among gener-
ations.  Most inshore smaller cephalopod species are short-lived (< one year), therefore adults must re-
produce throughout the year regardless of conditions and juveniles must survive to reproductive
maturation or the population will crash. Quantifying links among life history stages and between gen-
erations is a critical element of understanding squid life history characteristics; and more importantly
variability in these characteristics. A population assessment study was undertaken to quantify the links
between life history stages and generations; in particular the ecological and biological role the environ-
ment plays in determining how the population characteristics of each generation change as a function
of seasonal changes in water temperature. During each month of 2008 and 2009, 30-dumpling squid,
Euprymna tasmanica were collected. Biological parameters obtained were total weight, reproductive con-
dition based on weight of reproductive organs and histological interpretation, RNA: protein and muscle
fibre measurements (assessments of growth patterns). The data suggests that the size of individuals in
the population significantly changes as a function of seasonal changes. Significantly smaller squid (0-
4g) than expected were found during summer, compared to winter where significantly more individuals
in the 4.1-8g and 8.1-12g size classes were present. However there was no significant relationship be-
tween the reproductive condition and somatic condition of the squid caught in summer to those caught
in winter of 2007/2008, suggesting that although being smaller the squid found in summer there were
still mature individuals in the population.

16.30 
12. Lacoue-Labarthe T1,2,3, Martin S2, Villanueva R4, Dorey N1,2, Oberhänsli F2, Teyssié

J-L2, Jeffree R 2 and Bustamante P1

1.Littoral, Environnement et Sociétés, CNRS, Université de la Rochelle, France 2. Marine Environment Laboratories,
International Atomic Energy Agency, Monaco 3. Laboratoire d’Océanographie de Villefranche, CNRS-Université
Paris VI, France 4. Institut de Ciencies de Mar, CSIC, Departament Recursos Marino Renovables, Barcelona, Spain.
Metal behaviour towards the cephalopod egg: are the embryos protected all along
their development? What will be their fate in our changing world? Cephalopods play
a key role in many marine trophic food webs and constitute alternative fishery resources in the context
of the ongoing decline in finfish stocks. Cephalopods die after mating, which implies that their popu-
lation dynamics is highly dependent on the hatching success of their eggs. Many cephalopod species
of commercial importance migrate at the breeding season in shallow waters to lay their eggs where
they are subjected to coastal contamination. Radiotracers of metals (110mAg, 109Cd, 60Co, 203Hg, 54Mn and
65Zn) and radionuclides (241Am and 134Cs) were used to determine their uptake kinetics and distribution
among the different egg compartments in the eggs of Sepia officinalis, Loligo vulgaris, Octopus vulgaris
and Rossia macrosoma. The penetration of the metals and radionuclides appears to be linked to 1) the
shield capacity of the eggshell, which depends on the egg structures and is element- and developmental
stage-specific and to 2) the egg-swelling phenomenon. In the context of the global warming and of ocean
acidification, temperature and pH are two critical factors that affect the egg development. The impact
of temperature (16 and 19°C) and pCO2 (pH 8.10, 7.85, 7.60) on the metal uptake was assessed in the
cuttlefish egg. Both parameters 1) affect the egg and embryo growth 2) lead to a Zn uptake optimum at
pH 7.85 and strongly increase Ag accumulation in the hatchlings. Our results suggest that the embryo
physiology, which is modulated by the pH and temperature of the environment, modulate the embryo
physiology and determine the metal uptake behaviour in the cephalopod eggs.

17.00- 17.25 h. Coffee break

Chairman: Joao Pereira
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17.30 h.
13. Martins RS1,2, Roberts MJ1, Vidal ÉAG3, Moloney CL2, Chang N4,5 and Verley P6,7

1. Marine and Coastal Management (MCM), Private Bag X2, Rogge Bay 8012, Cape Town, South Africa. 2. Zoology
Department and Marine Research Centre, University of Cape Town, Private Bag X3, Rondebosch 7701, Cape Town,
South Africa. 3. Centro de Estudos do Mar  (CEM), Universidade Federal do Paraná (UFPR), Cx. Postal 50.002,
Pontal do Sul, PR, 83.255-000, Brazil. 4. CSIR, 11 Jan Cilliers Street, Stellenbosch, 7599, South Africa. 5.Oceanography
Department, University of Cape Town, Private Bag, Rondebosch 7701, Cape Town, South Africa. 6. IRD, UR ECO-
UP, Centre de Bretagne, BP 70, 29280 Plouzané, France. 7. LPO, UMR 6523 CNRS IFREMER UBO, 6 Avenue Le
Gorgeu, C.S. 93837, 29238 Brest Cedex 3, France.

Effects of yolk utilization on the specific gravity of chokka squid (Loligo reynaudii)
paralarvae: implications for dispersal and vertical distribution. Specific gravity is an im-
portant parameter in the dispersal of many marine zooplankters. In yolk-sac larvae, the specific gravity
changes during the yolk utilization phase and impacts their vertical distribution in the water column.
This in turn determines the degree of transport by currents as velocity is usually great near the surface.
In the case of the commercially important “chokka” squid (Loligo reynaudii), recruitment is thought to
be influenced by the successful transport of paralarvae from the spawning grounds to the cold ridge
some 100–200 km away. The cold ridge is known to be a place of high zooplankton abundance. To assess
the change in specific gravity of paralavae during the yolk utilization phase, we conducted experiments
on the 7-day post-hatching phase. Specific gravity was found to decrease between hatching and yolk
exhaustion ranging from 1.0373–1.0734 g cm−3. This implies that paralarvae are always negatively buoy-
ant regardless of their yolk content. These results were incorporated into a coupled Individual Based-
Model (IBM)–Regional Ocean Modelling System (ROMS) model. Simulation outputs showed that, at
least during the peak of the spawning activity (November), the dispersal was mainly westwards to-
wards the nursering grounds and close to the shore. Modelled vertical distribution was similar to pub-
lished data on loliginid vertical distribution only in shallow spawning grounds. The study concluded
that the specific gravity of early chokka squid paralarvae appears to enhance survival by maintaining
the paralarvae in productive shelf waters and avoids advective losses to the open sea.

17.45 h.
14. Mitsumori, A and Sakurai, Y

Graduate School of Fisheries Sciences, Hokkaido University, 3-1-1 Minato-cho, Hakodate, Hokkaido 041-8611,
Japan

Effect of temperature on growth and maturation of the ommastrephid squid Todar-
odes pacificus in captivity. Female gonad of Todarodes pacificus was reported to develop rapidly
at water temperature above 15º C in the spawning area of East China Sea (Kidokoro & Sakurai, 2008).
This study examined the effect of temperature on growth and maturation of T. pacificus in captivity.
Live immature squids were collected from set nets from the inshore water of southern Hokkaido, Japan
in July of 2007 and 2008. The squid were maintained in tanks at three temperature units (13ºC, 15ºC,
19ºC), which represent the temperature of their feeding and spawning areas. Before the captive exper-
iment, each specimen was weighted, stained the gladius using Congo- Red and attached a plastic tag
for individual identification. Increment of growth marks on the gladius was compared with individual
growth rate (/BW/day), feeding rate (/BW/day) and assimilation rate (%). The gonadal maturation
was estimated by ovary somatic index (OSI) and oviduct somatic index (ODSI) in female, and testis so-
matic index (TSI) and accessory gland somatic index (AGSI) in male. Growth and assimilation rates de-
creased at the higher temperature. Also gonadal maturation of female squids at 13oC was slower than
that of squids reared at other temperatures. We concluded that female squids at 13ºC accumulated more
energy in growth than in maturation, and that the decision of energy allotment among growth and mat-
uration depends on their experienced water temperature after immature stage. These results suggest
that the higher water temperature above 15 ºC may act as a trigger for the gonadal maturation, especially
in female.
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18. 00 h.
15. Nevárez-Martínez MO1 and López-Martínez J2

1. Instituto Nacional de Pesca, CRIP Guaymas. Calle 20 Sur No. 605. Guaymas, Sonora. C. P. 85400. México. 2. Cen-
tro de Investigaciones Biológicas del Noroeste, S. C. Apartado Postal 349 Guaymas, Sonora. C. P. 85454, México.

Influence of temperature and effort on jumbo squid (Dosidicus gigas) catches off
Guaymas, Mexico. Highly variable catches in the Sonora jumbo squid Dosidicus gigas fishery, cause
hardship for the industry and uncertainty for resource managers. Catch forecasting can reduce this pro-
blem. In this work, monthly data were collected from March 1995 to August 2008 for commercial fishing
fleet operating along the coast of Sonora, Mexico. The environment (temperature) and fishing effort -
catch relationship was investigated using correlation and multiple regression analysis. A simple, direct,
‘black box` statistical approach was relatively successful in developing a predictive capability; on a
monthly time-scale the regression model accounted for 62% (p<0.05) of the variability in catch. A strong,
positive relationship was found between fishing effort and catch. The correlation between temperature
and catch was negative; however, higher catches were associated with a lower temperature range (below
25°C). A holistic approach is required to improve predictive capability of jumbo squid catches.

18. 15 h. 
16. Nichols OC and Cadrin SX

NOAA/UMASS CMER Program, School for Marine Science and Technology, University of Massachusetts-Dart-
mouth, 200 Mill Road – Suite 325, Fairhaven, MA 02719, USA, onichols@umassd.edu

                                            
Multi-scale analysis of environmental effects on longfin inshore squid (Loligo
pealeii) spatiotemporal distribution. Spatiotemporal heterogeneity in the distribution of com-
mercially exploited marine species has the potential to affect the interpretation of fishery and survey
data used to determine biological parameters incorporated into stock assessments.  The objectives of
this study are to characterize patterns of longfin inshore squid (Loligo pealeii) distribution and relation-
ships with environmental variables, and define the spatiotemporal scales at which such relationships
exist.  Squid catch and fishing effort were documented using logbook data from commercial fish weirs
in northeastern Nantucket Sound (NE USA) from April- July, 2007-2008.  Seawater temperature and
salinity were recorded using data loggers affixed to individual weirs, and archived environmental data
(wind speed/direction, ambient light) were collected from nearby weather stations.  Preliminary results
indicated substantial variability in squid relative density among dates and trap locations.  Patterns of
interannual variation are explored using archived weir and trawl landings, trawl survey abundance in-
dices and environmental data collected from state and federal agencies, while diel dynamics are mon-
itored with high-frequency sonar (DIDSON) and underwater video.  Environmental effects on
spatiotemporal distribution will be discussed, along with the associated implications for stock assess-
ment and the development of ecosystem-based fishery management.  

18. 30 h. 
17. Nigmatullin ChM

Atlantic Research Institute of Marine Fisheries and Oceanography (AtlantNIRO), Kaliningrad 236022, Russia 

Multistage life form and ecological niche in cephalopod life cycle: theoretical, pop-
ulation, synecological and evolutionary aspects. Cephalopod life cycle is multistage but as
whole it has holistic nature. This problem is not developed in literature from theoretical position and
this is attempting to solve it. The proposed definitions are following. The final goal of population life
cycle (PLC) is reproduction and it is holistic unit of selection, evolution, functioning in ecosystem and
fishery management. PLC include some morpho-ecological specific stages, each of them is elementary
functional and adaptive subunit, elementary life form in the framework of a whole of population system
and realized own specific role in the “chain” of PLC. In modern niche theory, the each PLC stage has
separate ecological niche. The contradiction between multistage and holistic nature of PLC ecological
niche is solved by my point of view taking that it is holistic for the whole PLC: the multidimensional
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space of environmental factors where PLC is realized. Each morpho-ecological specific stage has own
subniche in total population niche “channel”. The community is considered within the space of envi-
ronmental factors as system of population niches that at every instant interacting and conjugated on
the level of stage subniches. This approach may optimize the cognition of real cephalopod PLC struc-
ture, their evolution and comprehend its real results in synecological context. This approach demon-
strated by examples of PLC of Octopus vulgaris, Sepia officinalis, Loligo vulgaris, Onychoteuthis banksi, Illex
argentinus, Sthenoteuthis pteropus and Thysanoteuthis rhombus.

18.45 h.
18. Hoving HJT1, Lipinski MR2 and Dam L 3

1. University of Groningen, Centre for Ecological and Evolutionary Studies, Ocean Ecosystems, P.O. Box 14, 9750
AA Haren, the Netherlands.  2. Department of Environmental Affairs and Tourism, Private Bag X2, Roggebaai
8012, Cape Town 8000, South Africa. 3. University of Groningen, Faculty of Economics and Business, P.O. Box 800,
9700 AV, Groningen, The Netherlands

Structured spermatophore production in the deep-sea squid Histioteuthis miranda
(Berry, 1918) (Histioteuthidae; Cephalopoda) explains unique male reproductive
anatomy. Cephalopods produce complex spermatophores; however, the advantages conferred by
morphological variations (such as relative size and sperm allocation) remain poorly understood. Here
we show just how dynamic sperm allocation to spermatophores in cephalopods may be in one deep-
water squid species. The male reproductive anatomy of Histioteuthis miranda (Berry, 1918) is described
for the first time, and appears unique among cephalopods. Quantifying spermatophore production and
body size revealed that (1) the maximum spermatophore length (maxSpL) correlated positively with
body size (ML and BM); (2) the size difference between spermatophores stored by an individual at one
time was up to 270%; (3) the relative and absolute length of the spermatophore’s cement body increased
with increasing SpL; (4) the relationship between SpL and the mass of sperm per spermatophore (in
grams) was polynomial; (5) the number of spermatophores stored by an individual male ranged from
136 to 2276; (6) the number of spermatophores produced decreased with increasing SpL (and therefore
body size); (7) males continued to grow significantly during spermatophore production, which resulted
in the production of larger spermatophores. The above results suggest both qualitative differences be-
tween spermatophores produced by a single individual, and a strategic production of spermatophores.
We propose that the unusual long, looped Needham’s sac of H. miranda allows long–term spermatop-
hore storage. It also allows separation of spermatophores produced early in life from spermatophores
produced later, in order to increase reproductive/mating success, during continuous somatic growth.

19.00h.
19. O’Dor RK1, Block BA2, Gilly WF2, Jackson GD3, Stewart JS2 and Stokesbury MJW1

1. Dalhousie University, Halifax, NS, B3H 4J1, Canada, rodor@oceanleadership.org 2. Hopkins Marine Station of
Stanford University, Oceanview Blvd., Pacific Grove, CA 93950, USA 3. POST project, Vancouver Aquarium, PO
Box 3232, Vancouver, BC, V6B 3X8, Canada. 

Understanding mysteries of squids in ecosystems with the Ocean Tracking Net-
work. Trophic cascades are a commonly recognized consequence of top predator removal.  Increasing
landings and ranges of squids suggest they benefit when the largest individuals of predators such as
tuna are removed.  Squids may actually dominate oceanic ecosystems, particularly as oceanographic
features change with climate.   Studies of Humboldt squid Dosidicus gigas illustrate this.  The Census of
Marine Life Pacific Ocean Shelf Tracking and Tagging of Pacific Predators projects, with the Ocean
Tracking Network (OTN), cover the Northeast Pacific region where D. gigas is invading.  Acoustic re-
ceivers here detect individually coded tags in animals as small as 20 g salmon smolts.  OTN is develop-
ing Fully Integrated Tags (FITs) for animals >10 kg that both receive and transmit information including
oceanographic data.  Animals equipped with FITs, referred to as Bioprobes, will combine geo-positions
and physical data with records from other tagged animals.  The OTN Pacific Arena, from Alaska to
Hawaii to the Galapagos, is well positioned to directly monitor changing species interactions and
oceanographic features over much of D. gigas’ range. These data will help identify the importance of
changes in predation and climate as drivers of ecological change.  As Bioprobes, adult squids would
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yield direct evidence of their complex predator-prey interactions and sample oceanographic conditions.
With adequate tagging effort whole food webs from 20 g fish and squid to 20 mt whales can be linked,
distinguishing passing encounters from successful captures.  Such data would also provide powerful
validation of indirect approaches such as lipid, statolith and isotope ratio chemistry.

Welcome Reception at the Vigo’s Town Hall. Buses departure: CAIXANOVA Center. 20.00 h.

Tuesday, 8th

Chairman: Clyde F.E. Roper

08.30 h.  
20. Postuma FA1,2 and Gasalla MA1

1. Fisheries Ecosystems Laboratory, Department of Biological Oceanography, Instituto Oceanográfico, University
of São Paulo, Brazil. 2. Aquaculture and Fisheries Graduate Program, Instituto de Pesca, São Paulo, Brazil

On the relationship between squids and environmental conditions: artisanal jigging
for Loligo plei off São Sebastião Island (24°S), SE Brazil. In Brazil, the squid Loligo plei,
which concentrates in the South Brazil Bight, traditionally supported small-scale fisheries surrounding
the islands. Research on the annual jigging season at São Sebastião Island has been carried out since
2002, showing that local fishers hook significant numbers of loliginids every summer. This paper aims
to relate such local fishery behaviour to environmental variables, investigating how the latter might af-
fect catches. Sea surface temperature (SST), chlorophyll concentration, wind intensity, swell, precipita-
tion and lunar phase are correlated with commercial fishing records and explored with information
provided by fishers. Daily landings, jigging effort and prices of squids were obtained from the São Se-
bastião Fishing Cooperative for the period 2005-2009. In situ satellite and meteorological data from pre-
diction models (NOAA-NCEP) were matched with fishery data. Interviews with fishers were also
conducted at landing sites. Results showed that local fishing with zangarilhos (jiggers) takes place from
November to April up to 20 m deep on days when SST ranges from 18 to 30°C. Multiple linear regression
analysis and other explored models have shown significant positive correlation between catch per unit
effort (kg d-1) and temperature and rainfall in all months. Wind intensity and swell were negatively cor-
related with the relative abundance of squid. Catch rates were best close to the phase of the full moon.
The correlations reveal that jigging is most successful when the seawater is warm, calm and translucent.
A close link found between squid abundance, sea conditions and light conditions coincides with the
characteristics of the breeding season, and might help to support better forecasting than at present.

08.45 h.
21. Rosa AL1, Yamamoto J2 and Sakurai Y1

1. Graduate School of Fisheries Sciences, Hokkaido University, Minatocho 3-1-1, 041-8611 Japan 2. Field Science
Center for Northern Biosphere, Hokkaido University, Minatocho 3-1-1, 041-8611 Japan 

Monitoring the Japanese common squid, Todarodes pacificus, spawning area using
environmental parameters. The Japanese common squid, Todarodes pacificus, is one of the most
important commercially exploited squid species. It is distributed in the North-West Pacific ranging from
25-50oN, migrating along the Japanese islands and the eastern coast of the Korean peninsula. Sakurai et
al. (2000) in his reproduction hypothesis for the T. pacificus pointed out the importance of three main
physical parameters regulating the species reproductive success: (i) the existence of the continental
shelf/slope (represented by a total depth of 100-500m), (ii) the existence of a picnocline and (iii) the
suitable water temperature range (SST between 19.5-23oC, optimal range, or 18-24oC, possible range).
In this work we analyzed the long-term variation of the spawning ground using environmental param-
eters as limitation factors. In a first phase, the available spawning area was calculated as the geograph-
ical area limited by the 100 and 500m isobaths and the mean position of the kuroshio axis (Yamashiro
et al., 1993). This area was once again calculated using not only the depth but also the SST as a limitation
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factor – SST-limited area. The two were then compared and related to the biomass and the fishing yield.
The effect of the wind stress was also considered. The preliminary results of the SST-limited area seem
to indicate an increase in the importance of the area around the Kyushu Island as an winter spawning
ground area, while the most southern part of our study area (correspondent to the East China Sea)
seems to lose a bit of its importance for the same period.

09. 00 h. 
22. Nigmatullin ChM1 and Arkhipkin AI2 

1. Atlantic Research Institute of Fisheries and Oceanography (AtlantNIRO), Kaliningrad 236022, Russia
2. Falkland Islands Government Fisheries Department, Stanley, Falkland Islands

Hierarchical classification of cephalopod migrations. Most cephalopods make both active
and passive ontogenetic migrations as a part of their life cycles. When migrating squid travel through
the diversity of vertical water layers and climatic zones. They are an important element of migratory
framework that integrates local ecosystems into ecosystems of the next, higher level and eventually into
the whole ecosystem of the World Ocean. We propose a hierarchical classification of cephalopod mi-
grations. The first level of classification includes ‘elementary’ (for example: feeding, reproductive, etc)
migrations being a part of the population migratory circuit. These migrations may be classified by the
mode of movement (active and passive), distance (local, medium and long), direction (vertical or hor-
izontal, from low to high latitudes, from shelf to slope and vice versa), ecological zones (shelf, slope,
oceanic), habitat (bottom, demersal, pelagic), changing the ecosystem types, current (with or against),
function (reproductive, feeding, passive drift at early stages) and by stage of the life cycle (egg-mass,
larvae and so on). All ‘elementary’ migrations are integrated into the whole population migratory circuit
that constitutes the second hierarchical level of the migratory classification. This level contains a complex
of ‘elementary’ migrations that realized during the population space-time circuit of the life cycle. The
same features as ‘elementary’ migrations may classify the integrated migratory circuits. This approach
allows understanding the diversity of population migratory circuit patterns and possible ways of their
evolution in different taxonomic and ecological groups of cephalopods.

09. 15 h.
23. Rosa R1 and  Seibel BA2

1. Laboratório Marítimo da Guia, Centro de Oceanografia, Faculdade de Ciências da Universidade de Lisboa, Es-
trada do Guincho, 2750-374 Cascais, Portugal. 2. Department of Biological Sciences, University of Rhode Island,
100 Flagg Road Kingston, RI, 02881, USA. 

Impact of ocean acidification, warming and expanding hypoxia on the vertical ecol-
ogy of Humboldt squid, Dosidicus gigas. By the end of this century, atmospheric CO2 levels
are expected to reach between 730 and 1020 ppm and cause a drop in surface ocean pH of about 0.3
units. At the same time, the ocean is expected to warm up to 2-3°C in the Eastern Tropical Pacific (ETP)
with an associated expansion of the oxygen minimum layer (OML) at intermediate depths. We exposed
Humboldt squids to partial pressures of CO2 that are within the range expected by the year 2100 (1000
ppm CO2; ∆pH = 0.3) and to temperatures coincident with squid’s night- and day-time habitat depths
(20-25ºC and 10ºC, respectively). Under elevated PCO2 and surface temperatures, the squid’s metabolic
rate is reduced up to 31% and activity levels up to 45%. This significant depression of aerobic and loco-
motory scope will have deleterious effects on the ability to recover from hypoxic exposure during diel
vertical migrations into the pronounced OML in the ETP. Moreover, due to the current OML vertical
expansion, squids will have to retreat to even shallower waters to repay any oxygen debt. However,
warming and acidification in the ETP will act to limit the squid’s distribution at the shallower end of
its vertical migration, dramatically compressing the depth range habitable by this squid during the
nighttime. These interactions may ultimately define the long-term fate of this commercially and eco-
logically important predator.
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09. 30 h.
24.  Ruiz-Cooley RI 1, Villa EC 1 and Gould WR 2

1 Department of Biology, New Mexico State University, MSC 3AF, Las Cruces, NM, USA 2 Experimental Statis-
tics, New Mexico State University, MSC 3CQ, Las Cruces, NM, USA

Trophic variation of the jumbo squid (Dosidicus gigas) revealed through 13C/12C and
15N/14N along gladius: Individual, groups and areas. In the ocean, stable isotope ratios of
carbon (C) and nitrogen (N) have been used to investigate the variability in organic and inorganic matter
along spatial scales and to describe food web interactions. In this study, we measured δ 13C and δ 15N
values along the proostracum (a morphological part of the gladius) by every 3 cm sections as a novel
approach to reconstruct life feeding variability. We collected gladius of the jumbo squid (Dosidicus gigas)
in California, Gulf of California and four sites from the central eastern Pacific to evaluate isotopic
changes as squid increase in size. The results showed that C and N-isotopic values varied throughout
proostracum length for all squid. These variations may reflect Dosidicus life foraging cycle due to tem-
poral variation in prey consumption. Both δ13C and δ15N increased with length and support ontogenic
shifts in diet. High detectable differences in δ15N values in proostracum were found among all sites.
This δ15N-oceanic variation could be associated with variations in squid assimilated diet, but could also
likely be due to differences in the biochemical cycle among areas. This element has been recognized as
a limited nutrient in the ocean. Isotopic values in squid proostracum only overlapped among the nearest
sites. These results suggest that D. gigas did not migrate over large geographic areas, but rather moved
within narrow latitudinal ranges. We propose isotopic analysis along proostracum as a tool to trace
squid foraging variability, to geographically differentiate subpopulations, and to provide insights about
migration.

09. 45 h.
25. Sakurai Y1, Rosa AL1, Yamamoto J2 and Kidokoro H3

1. Graduate School of Fisheries Sciences, Hokkaido University, Minatocho 3-1-1, 041-8611 Japan. 2. Field Science Center for
Northern Biosphere, Hokkaido University, Minatocho 3-1-1, 041-8611 Japan . 3. Japan Sea National Fisheries Research In-
stitute (FRA). Niigata, 951-8121, Japan
Can we explain and predict the stock structure and fluctuation of Japanese common
squid, Todarodes pacificus related to climate change during the 20th-21st Century?
Egg masses of Todarodes pacificus are thought to occur within or above the pycnocline at temperatures
suitable for egg development on the continental shelf and slope (100-500m depth). We estimated from
laboratory studies that hatchlings (<1mm ML) ascend from the mid layer to the surface layer at tem-
peratures between 18–24ºC, especially between 19.5–23ºC. We used this new reproductive hypothesis
to explain and predict the stock structure or stock fluctuation related to climatic regime shifts during
the 20th –21st Century. We conclude that short and long-term change of T. pacificus stock can be explained
and predicted by physical parameters such as SST, and bottom topography during the spawning period
based on this new reproductive hypothesis. Based on this method, we can then monitor the trend of
stock fluctuation and structural change such as a seasonal shift of the spawning period related to abrupt
changes of the inferred spawning areas. As an example, we present how to monitor the recent seasonal
changes of inferred spawning areas and predict the stock condition of the next year cohort. Further, we
try to predict the fate of T. pacificus during the 21st Century based on the Global Warning Scenario
(IPCC, 2007) using the Earth Simulation System (FRCGC, Frontier Research Center of Global change,
Japan). The inferred main spawning grounds still occur from the southern Japan Sea and the East China
Sea by 2099. However, the peak of spawning period will shift from October-February in 2005 to No-
vember-March in 2050, and December-April in 2099.

10.00 h. 
26. Nigmatullin ChM1, Chesalin MV2 and Schetinnikov SA1

1. Atlantic Research Institute of Fisheries and Oceanography (AtlantNIRO), Kaliningrad 236022, Russia. 2. Institute
of Biology of the Southern Seas, Sevastopol 99011, Ukraine. 

The nektonic ommastrephid squids in the trophic structure of the oceanic commu-
nities of the World Ocean. Food relations of oceanic ommastrephids (Dosidicus gigas, Ommas-
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trephes bartramii, Sthenoteuthis pteropus, S. oualaniensis) were studied in 1970-2001. They are the abundant,
ecologically active, relatively large (ML up to 120 cm) and dominant predators in the open waters of
the World Ocean with allopatric ranges. Their instantaneous biomass is estimated in 31-42 million tons,
annual production in 248-336 million tons and annual consumption of food in 565-766 million tons.
These squids are aggressive predators with wide spectrum of preys. During life cycle with a body size
increase ommastrephids change of food items transferred from consumers of II-III orders to consumers
of IV-VI orders. Their fries and juveniles mostly planktivorous feed on planktonic crustaceans and
young fishes and squids. Adults are primarily piscivorous and feed on cephalopods and fishes (mostly
micronektonic myctophids and exocoetids). In some oceanic communities adult ommastrephids are ac-
tually top-level predators. In turn, ommastrephids are principal prey resource to numerous commer-
cially and ecologically valuable top-predators. They are members of rapid energy flow of oceanic trophic
webs and play very important role transferred the matter and energy from: 1) meso- and macroplankton
to middle-leveled predators (lancet fish, tunas); 2) micronektonic fishes (mostly myctophids) to top-
level predators (finfish, sharks, dolphins). Oceanic ommastrephids are the apex of the cephalopod evo-
lution and one of the crowns of marine animals; they won their place as a result of coevolution with the
most abundant myctophids, which became their main preys, as well as in coevolution and successful
competition with oceanic large predatory fishes and mammals.

10.15 h.
27. Smith JM1, Pierce GJ1,2, MacLeod CM1 and Bailey N3

1. School of Biological Sciences (Zoology), University of Aberdeen, Aberdeen AB24 2TZ, UK. 2. Instituto Español
de Oceanografía, Centro Oceanográfico de Vigo, 36200, Vigo, Spain. 3. Fisheries Research Services Marine Labora-
tory, 375 Victoria Road, Aberdeen, AB11 9DB UK.

Habitat use of the squid Loligo forbesi at different maturity size classes in European
waters. Trawl survey and market sample data from over 10 years were used to model habitat needs
of different life cycle stages of the North Atlantic squid Loligo forbesi from ICES rectangles in UK and
French waters.  Presence and absence of animals and proportion of males and females at three maturity
stages (immature, maturing, mature) were examined along with the spatial and temporal ecogeographic
variables (EGVs) of depth, sediment composition, seabed slope and aspect, month and temperature
using generalised additive modelling and regression trees.  Autumn spawning was found to occur
throughout UK waters in sediment with a high percent gravel composition on uneven seabed surfaces,
while winter spawning occurred mainly in the North Sea on uneven, gravel sediment. Correlations be-
tween variables and inferred location and use of recruitment, juvenile and spawning grounds will be
discussed.

10.30
28. Stowasser G1,2, Pierce GJ2, Moffat CF3 and Collins MA1

1. Biological Sciences Division, British Antarctic Survey, NERC, High Cross, Madingley Road, Cam-
bridge, UK, CB3 0ET. 2. Oceanlab, University of Aberdeen, Main Street, Newburgh, Aberdeenshire,
AB41 6AA, UK. 3. Instituto Español de Oceanografía, Centro Oceanográfico de Vigo, P.O. Box 1552,
36200, Vigo, España. 4. Fisheries Research Services Marine Laboratory, 375 Victoria Road, Aberdeen,
AB11 9DB, UK.

Ontogenetic feeding and migration patterns in Loligo forbesi identified through
fatty acid and stable isotope analysis. Fatty acid and stable isotope biomarkers clearly
showed that L. forbesi in North Atlantic waters is predominantly associated with the benthic food web
and that prey type and prey variability changed with increasing body size. Supporting results from
stomach content analysis the use of these biomarkers made it also possible to identify ontogenetic mi-
grations from offshore to coastal waters. Most importantly it was possible to infer the diet of animals
where no food was found in the stomachs. The result gained from the application of these methods to
a species where the life cycle is relatively well known has validated their usefulness when trying to
resolve the trophic position of species where no or little dietary information exists.
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10.45 h.
29. Talbot CM1, Collin SP1, Norman M2 and Marshall J1

1. Sensory Neurobiology Group, School of Biomedical Sciences, the University of Queensland, Brisbane, QLD Aus-
tralia. 2. Museum Victoria, Melbourne, VIC Australia.

The Visual Ecology of Cephalopods. The coleoid cephalopods (octopus, cuttlefish and squid)
are a highly advanced group of voracious marine predators endowed with a remarkable visual system.
Most species spear to be monochromatic, however they possess orthogonally-arranged microvilli on
their photoreceptors, providing sensitivity to polarized light. Retinal specialisations, such as horizontal
bands, have been identified in several species, possibly providing higher levels of visual acuity and
sensitivity to corresponding areas in their visual field. Coleoids possess a stunning repertoire of body
patterns due to highly pigmented and changeable skin, which are used primarily for communication
and camouflage. This study aims to conduct a comparative analysis of the visual ecology of coleoid
cephalopods, comparing visual characteristics with both habitat and ecological niche. This will reveal
whether environmental or phylogenetic pressures are primarily driving the evolution of their visual
system. Functional polarization sensitivity will be demonstrated using an optomotor/optokinetic ap-
paratus. Polarizing skin patterns will be analysed using polarimetry and spectrometry. Retinal structure
and photoreceptor dimensions will be analysed to identify areas of specialisation and calculate sensi-
tivity.

11.00- 11.25 h. Coffee break

11.30 h.
30. Rosa R1 and Seibel BA2

1. Laboratório Marítimo da Guia, Centro de Oceanografia, Faculdade de Ciências da Universidade de Lisboa, Es-
trada do Guincho, 2750-374 Cascais, Portugal. 2. Department of Biological Sciences, University of Rhode Island,
100 Flagg Road Kingston, RI, 02881, USA. 

“The voyage of the Argonauts”: the metabolic demands and ecological tradeoffs of
an epipelagic existence in paper nautiluses, Argonauta nouryi. Here we evaluate the
metabolic demands and ecological tradeoffs of the epipelagic life strategy of a rare paper nautilus, Arg-
onauta nouryi, in the East Tropical Pacific (ETP). The oxygen consumption rates and the aerobic and
anaerobic metabolic potentials of the argonauts were dramatically higher than those found in
mesopelagic octopods and more similar to those found in coastal benthic counterparts. Though the high
expenditure rates may be a consequence of the strong locomotory requirements in predator-prey inter-
actions at the surface ocean, the argonauts may be false pelagic animals because they use gelatinous
zooplankton as effective floating and transportation devices. Thus, we argue that the greater similarity
in the metabolic requirements between argonauts and neritic octopods may reflect a benthic life strategy
in the pelagic environment (the “hitchhiker strategy”) and, possibly, their origins and evolutionary his-
tory. The occurrence of a floating string-shaped formation of shelled females at the surface ocean is also
described. Though it may constitute an effective strategy to increase mate encounter rates in the vast
open ocean, there is an important ecological tradeoff for such behavior, namely the increase of con-
sciousness at the surface with the consequent attraction of potential predators. Based on the regulation
of oxygen (Pc = 37 mmHg at 20°C), and behavioral observations in captivity, it is evident that the strong
oxygen minimum layer found at intermediate depths in the ETP may constrain the vertical distribution
of A. nouryi to a narrow band of suitable habitat at the upper few meters of the water column.

11. 45 h. 
31. Zamborsky DJ and Nishiguchi MK

Department of Biology, New Mexico State University, Las Cruces, New Mexico, USA 88001-8003

Environmental factors drive the structure of the sepiolid squid-Vibrio symbiosis in
the Mediterranean Sea. Sepiolid squid (Cephalopoda: Sepiolidae) form mutualistic symbioses
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with bioluminescent bacteria from the genera Vibrio and Photobacterium.  These symbiotic bacteria are
recruited from the surrounding habitat into a specialized light organ complex upon hatching.  Since
the association is environmentally transmitted, sympatric populations of Mediterranean sepiolid species
are heterospecific, with more than one potential symbiont species.   Therefore, the goal of this investi-
gation is to determine factors dictating the population genetic structure of both host and symbiont com-
munities. We examined the genetic diversity found in populations of sympatric sepiolid squid species
and their respective symbionts using nested clade analysis. Variation found in the distribution of sym-
biotic bacteria suggests a strong influence of abiotic factors in the local environment, affecting distribu-
tion among sympatric populations of hosts.  These abiotic factors include temperature differences
incurred by a shallow thermocline, as well as a lack of strong coastal water movement accompanied by
seasonal temperature changes in overlapping niches.  Host populations are stable and do not appear to
have a significant role in the formation of symbiont populations relative to their distribution across the
Mediterranean Sea.  Multiple species of squid populations (Sepiola affinis, S. robusta, S. intermedia, and
Rondeletiola minor) are genetically distinct from one another regardless of location, and demonstrate
very little intraspecific variation.  These results indicate the potential influence of abiotic factors driving
the distribution and structure of host squid populations and their symbionts.

Symposium session: Systematics, Biogeography and Biodiversity

Chairman: Sigurd von Boletzky

12.00 h. 
32. Bolstad KSR

Earth & Oceanic Sciences Research Institute (EOS), Auckland University of Technology, Private Bag 92006, Auck-
land 1142, New Zealand 

Systematics of the Onychoteuthidae Gray, 1847 (Cephalopoda: Oegopsida) The family
Onychoteuthidae Gray, 1847 is in notorious systematic disarray; of the 60+ nominal species, 12–14 have
generally been accepted in recent studies. Challenges to clarity have included insufficient species de-
scriptions, original descriptions published in eight languages and often based solely on early life stages,
non-designation or subsequent loss of type material, and the existence of several unresolved species
complexes. Therefore, a global revision of the family was undertaken, based on ~1500 specimens from
19 repositories. Some taxa could not be fully disambiguated, given the limited material and information
available, but for the 26 putative species treated in this revision, descriptions and illustrations are pro-
vided to a consistent standard that will enable their reidentification. External and internal morphological
characters and states are described for subadult to adult stages of most species, with external characters
reported through ontogeny as permitted by available material. The systematic value of both historical
and new morphological characters at the generic and species levels are discussed; at all ontogenetic
stages, tentacular club and hook morphology are considered the most valuable characters, although
body proportions and gladius also prove useful. Five historic species names have been resurrected;
three new species were also found. The genus Moroteuthis Verrill, 1881 is considered a junior synonym
of Onykia Lesueur, 1821, although two subgenera appear necessary. ‘Moroteuthis’ knipovitchi Filippova,
1972 and ‘Onykia’ rancureli (Okutani, 1981) are each considered to represent new genera, based on mor-
phological and genetic peculiarities.

12.15 h.
33. Fuchs D

Freie Universität Berlin, Institute of Geological Sciences, Branch Paleontology, Malteserstr. 74-100, 12249 Berlin,
Germany; drig@zedat.fu-berlin.de

Paleobiology of the earliest Octopoda. Recently, paleontological research efforts considerably
influenced and improved our knowledge about the origin and the evolutionary development of the an-
cestors of Octopus, Sepia, Spirula & Co. Particularly, numerous new finds of 95 million year old octopuses
attracted our interests owing to their unique soft part preservation. Two specimens with a pair of blade-
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like shell vestiges in their lateral mantle even show the arrangement of suckers on the eight arms. An-
other specimen remarkably exhibits a bipartite shell vestige whose rods are almost indistinguishable
from modern Enteroctopus dofleini. The specimens will be presented and discussed in a neontological
context.

12.30 h. 
34. Fuchs D1, Kostak M2, Mariotti N3 and Weis R4

1. Institut für Geologische Wissenschaften, Freie Universität Berlin, Malteserstr. 74-100, D-12249 Berlin;
drig@zedat.fu-berlin.de. 2. Institute of Geology and Palaeontology, Faculty of Science, Charles University in Prague,
Albertov 6, Pratur 2, 128 43, Czech Republic; kostak@natur.cuni. 3. Earth Science Department, “La Sapienza” Uni-
versity, Pl. A. Moro 5, 00185 Rome, Italy; nino.mariotti@uniroma1.it. 4. Paleontological Department, National Mu-
seum for Natural History, 25 Rue Münster, L-2160 Luxembourg, Grand Duchy of Luxembourg; rweis@mnhn.lu

Belemnoids – a paleontological proxy for biogeographical ground patterns of
coleoid cephalopods? The Belemnoidea, a worldwide distributed and very abundant group of
coleoids during the Jurassic and the Cretaceous, is very useful for evolutionary and particularly for bio-
geographical studies. Numerous biogeographical studies have shown that the distribution of the squid-
like Belemnoidea is based on continent configuration, sea-level changes and climatic variation. Within
belemnoid subtaxa, different paleobiogeographical units and changes in provincialism have been rec-
ognized during the Mesozoic: the Tethyan and the Boreal Realms from Middle Jurassic to Early Creta-
ceous and the Austral Realm during Cretaceous. Within these realms, different provinces have been
recognized. A comparison with distribution patterns of recent coleoids could indicate similarities, which
might contribute to clarify the causes of paleobiogeografical distribution of belemnoids. Vice versa,
belemnoids might help to establish biogeographical ground patterns for modern coleoids.

12.45 h.
35. Gleadall, IG

Tohoku Bunka Gakuen University, Sendai 981-8551, Japan

Asian species of ocellate Amphioctopus: one lump, or two? The genus Amphioctopus Fis-
cher, 1882, occurs mostly in Asian waters, comprising mainly species with an ocellus on the web be-
tween arms 2 and 3 on each side of the body. The exact number of species recognized varies according
to authority. Until the 1990’s, many of these species were lumped under just one species name: Am-
phioctopus membranaceus (Quoy & Gaimard, 1832). Recently, however, the tendency has been towards
splitting, and currently (depending on authority) the recognized species include: Amphioctopus areolatus,
A. fangsiao, A. neglectus, A. ocellatus, A. ovulum, A. rex, A. robsoni, A. siamensis, and A. varunae. This pres-
entation will draw on both morphological and molecular data to demonstrate that a swing towards
lumping is more appropriate than we have been led to believe. Among the valid species recognized,
one is common throughout the Indo-West Pacific, one is common but restricted to the northern West
Pacific, and one is a rare species, which should be included in the IUCN Red List of Threatened Species. 

13.00 h.
36. Katugin ON, Shevtsov GA and Zuev MA

Pacific Research Fisheries Centre (TINRO-Centre), 4 Shevchenko Alley, 690950 Vladivostok, Russia

Biology and taxonomy of Gonatus tinro and Gonatopsis okutanii (Teuthida: Go-
natidae) The systematics of squid of the family Gonatidae remains in the state of flux, partly because
these squid undergo significant changes in the course of ontogenesis. We have examined patterns of
spatial, vertical and seasonal distribution, and ontogenetic changes in morphology of two nominal
species Gonatus tinro and Gonatopsis okutanii inhabiting the Sea of Okhotsk and northwestern Pacific
Ocean. It appeared that G. tinro are small young squid with hookless tentacular clubs, and G. okutanii
are larger adults with broken tentacles. Comparative morphology of these squid and discovery of in-
dividuals bearing external features of both squid suggested that G. okutanii is in fact an adult stage of
G. tinro. These findings are corroborated by distribution patterns: both squid occur within the same ge-
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ographic areas, however, G. tinro are mostly epipelagic, while G. okutanii are demersal, which indicates
the ontogenetic descend of adult squid down to deepwater layers. The revealed evidence suggests that
G. okutanii should be considered a junior synonym of G. tinro. A hypothetical scheme of the squid life
cycle is suggested.

13.15 h.
37. Oesterwind D1, Brendelberger H1 and Piatkowski U2

1. Universität Kiel, Zoologisches Institut, Am Botanischen Garten 1-9, 24106 Kiel, Germany. 2. Leibniz-Institut für
Meereswissenschaften, IFM-GEOMAR, Düsternbrooker Weg 20, 24105 Kiel, Germany

On the distribution and feeding ecology of major North Sea squids. Here we report on
cephalopod catches from the North Sea that had been taken during summer and winter ICES Interna-
tional Bottom Trawl Surveys from 2007 to 2009. Major species occurring were the long-finned squids
Alloteuthis subulata and Loligo forbesi while short-finned squids such as Todaropsis eblanae and Todarodes
sagittatus were rare. During winter A. subulata was concentrated in the central and northern parts of the
North Sea. In summer the abundance of A. subulata increased in the south-eastern part suggesting a
southward migration to spawning grounds. L. forbesi, partly fully mature, was most abundant in the
northwestern part of the North Sea during winter indicating spawning areas in this region. In summer
L. forbesi, mostly immature, occurred in lower numbers throughout the North Sea. First results of stom-
ach content analysis showed that prey of long-finned squid mostly consisted of fish such as sprat and
Norway pout in winter, whereas in summer crustaceans and gobiids were the major prey. Stable isotope
analysis reveals that the trophic level of prey of A. subulata and L. forbesi increases with size. Our results,
though preliminary, provide new information on meso-scale distribution patterns of North Sea squids,
their feeding patterns and impact on the North Sea ecosystem.

13.30-15.30 h.  Lunch time

15.30 h.
38. O’Shea S and Bolstad, KSR

Earth & Oceanic Sciences Research Institute (EOS), Auckland University of Technology, Private Bag 92006, Auck-
land 1142, New Zealand 

Comparative morphology of palatine teeth in cephalopods, with systematic impli-
cations. The morphology of radula-like structures on the inner face of the palatine (or lateral) palps
is reported for many genera, representing most Recent cephalopod families. Ontogenetic and sexual
variation in the configuration, size, shape, structure and number of these teeth is described for select
taxa, related to proxies of animal size, such as mantle length, wet-weight body mass, head width, buccal
bulb greatest and least dimensions, and aspects of beak morphology (lower beak hood or rostral length).
A conjectural account of these structures’ functional role in feeding is presented. Aspects of palatine
tooth morphology in recent cephalopods are compared and contrasted with similar structures earlier
presumed to be radulae in several ammonite taxa.

15.45 h.
39. Schiffer M1 and Piatkowski U2

1. Institut für Biologie und Umweltwissenschaften, Universität Oldenburg, Ammerländer Heerstraße 114-118,
26111 Oldenburg, Germany. 2. Leibniz-Institut für Meereswissenschaften, IFM-GEOMAR, Düsternbrooker Weg
20, 24105 Kiel, Germany

Abundance and geographical distribution of early life cephalopods in the South At-
lantic: results from the FRV Walther Herwig collections in the mid 1970s. Early life
cephalopod abundance and geographical distribution were investigated from macroplankton collections
sampled during the FRV Walther Herwig research cruises in the South Atlantic during austral summers
of 1975/76 and 1977/78. A total of 552 cephalopods were collected which comprised eighteen species
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belonging to fourteen families. Only pre-adult stages were recorded, with 80% of all specimens having
a dorsal mantle length less than 20mm. In terms of numbers the most abundant species was Slosarczykovia
circumantarctica representing 30% of all cephalopods captured, followed by Galiteuthis glacialis (26%),
and Gonatus antarcticus (14%). The association between species distribution and large scale oceanographic
areas (Subtropical Zone, Sub-Antarctic Zone, Polar Frontal Zone, Antarctic Zone) was analysed. Species
diversity and evenness were estimated for the different areas. The highest species number (n=14) oc-
curred in the Subtropical Zone, whereas the Sub-Antarctic Zone was relatively poor in species (n =6).
Eight species were found in the Polar Frontal Zone. In the Antarctic Zone almost exclusively sub-Antarc-
tic and endemic species (n = 9) occurred. Slosarczykovia circumantarctica and Gonatus antarcticus were pres-
ent in nearly all areas but avoided the waters off the Antarctic Peninsula. Galiteuthis glacialis was most
abundant around South Georgia and dominated in the northern Weddell Sea. Psychroteuthis glacialis, en-
demic in the Southern Ocean, was the only squid that was caught in reasonable numbers at the Antarctic
Peninsula. Our data describe the biggest collection of early life cephalopods in the Atlantic sector of the
Southern Ocean and provide new information on the distribution patterns of Antarctic squid.

Symposium session: Genetics and Evolution

Chairwoman: Louise Allcock

16.00 h.
40. Aroua S, Andouche A, Martin M, Navet S and Bonnaud L

Biologie des Organismes et Ecosystèmes Aquatiques UMR 7208, Muséum National d’Histoire Naturelle - 55 rue
Buffon - CP 51, 75005 Paris, France

FMRFamide expression during embryogenesis in the cuttlefish Sepia officinalis.
Among molluscs, cephalopods are considered as a peculiar model for the study of development and
organisation of the nervous system because of their complex brain. The RFamide related peptide family
(FaRPs) which includes a wide range of neuropeptides implicated in a number of biological functions
such as locomotion, osmoregulation or reproduction, are also supposed to be involved in neurogenesis.
In the present study, we investigate when and how the complex networks involving FaRPs neurons
take place during the embryonic development of the cuttlefish (Sepia officinalis) by studying the expres-
sion pattern of one member of FaRPs family, the FMRFamide by in situ hybridization. Our results
demonstrate that FMRFamide is expressed early in the nervous system of the cuttlefish. At the preco-
cious stages (stages 16 to 20) when embryos have a discoid form and the nervous system is at ganglionic
stage, FMRFamide positive cells are localised in the visceral ganglia. Latter, once embryos take volume
and ganglia migrated and fused into brain lobes (stages 21 to 24), FMRFamide marked cells were ob-
served in the palleovisceral lobe of the brain. Then, from stage 25 to hatching, numerous FMRFamide
positive cells were detected in additional areas of the central nervous system (CNS), such as in optical
and vertical lobes. These results show that FMRFamide are expressed early in cuttlefish embryos and
suggest that these neuropeptides could also intervene precociously during neurogenesis in cephalopod. 

16.15 h.
41. Guerra A 1, Roura A1, González AF1, Pascual S1, Cherel I 2 and Pérez Losada M 3

1. ECOBIOMAR, Instituto de Investigaciones Marinas, IIM (CSIC). Eduardo Cabello 6, 36208 Vigo, Spain. 2. Centre
d’Etudes Biologiques de Chize´, UPR 1934 du CNRS, BP 14, 79360 Villiers-en-Bois, France. 3. Department of Inte-
grative Biology, Brigham Young University, Provo, Utah 84602, USA.

Morphological and genetic evidences that octopus from Amsterdam and Saint Paul Islands
waters (southern Indian Ocean) is Octopus vulgaris. From morphological, meristic characters
and maximum likelihood phylogenetic analysis of COI and COIII DNA sequences, this study demon-
strates that the most coastal and common octopus inhabiting Saint Paul and Amsterdam Islands belongs
to Octopus vulgaris sensu stricto. Our trees also depicted Octopus as polyphyletic, and O. vulgaris sensu
stricto as monophyletic presently restricted to the Mediterranean Sea, Eastern Atlantic Ocean (from
South England to Southwest African waters), Azores, Canary, Cape Verde, St. Helena, Tristan da Cunha
Islands, southeastern coast of South Africa, Japanese and Taiwanese waters in the Pacific and Saint Paul
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and Amsterdam Islands in the Indian Ocean. The finding that this species inhabits in Saint Paul and
Amsterdam Islands increases the distribution area of the species in the Indian Ocean. The main causes
for the current distribution of this species are discussed.

16.30 h.
42. Güven O1,2, Perez Losada M3 and Shaw PW2

1. Faculty of Aquatic Sciences and Fisheries, Akdeniz University, Turkey 2. School of Biological Sciences, Royal
Holloway University of London, UK. 3. CIBIO, Centro de Investigação em Biodiversidade e Recursos Genéticos,
Universidade do Porto Campus Agrário de Vairão 4485-661 Vairão, Portugal

Phylogeographic structuring of common European cuttlefish (Sepia officinalis): ge-
netic signatures of glacial cycle-induced population fragmentation and contempo-
rary isolation by distance effects. Previous genetics studies have demonstrated that although
common cuttlefish possess highly mobile adults their populations exhibit a significant degree (for a
marine species) of spatial genetic structuring, indicating an isolation-by-distance model of migration
and gene flow (Perez Losada et al. 1999, 2002). Phylogeographic studies covering the full range of the
species (Perez Losada et al. 2007) further confirmed the action of isolation by distance effects, and un-
covered a complex pattern of regional genetic diversity consistent with ancestral population bottlenecks
and expansions occurring during mid- to late-Pleistocene glacial maximum events (12,000-500,000 years
before present). In the present study both mitochondrial DNA (COI sequences) and nuclear DNA (mi-
crosatellites) markers were used to further examine population genetic and phylogeographic structuring
in S.officinalis along coastlines between the Aegean Sea and eastern Mediterranean Sea, an area previ-
ously identified as harbouring one of the most ancient and differentiated genetic lineages in this species.

16.45 h
43. Ibáñez CM1, Cubillos LA2, Yamashiro C3, Tafur R3 and Poulin E1

1 Instituto de Ecología y Biodiversidad, Universidad de Chile, Santiago, Chile. 2 Departamento de Oceanografía,
Universidad de Concepción, Concepción, Chile. 3 Instituto del Mar del Perú, Callao, Perú.

Demographic history of Dosidicus gigas (Cephalopoda: Ommastrephidae) in the
Humboldt Current System. During the late Pleistocene-Holocene, Humboldt Current System
(HCS, Peru-Chile) suffered important oceanographic variations that should have affected abundance
and distribution of marine populations as well as their genetic structure and diversity. The fast growth
and the short life strategies of Dosidicus gigas make squids a valuable model to evaluate how environ-
mental fluctuations affect the genetic diversity in marine populations. We sequenced mtDNA COI gene
of 200 jumbo squids from seven locations in the HCS. We measured and compare genetic diversity among
localities, and performed neutrality tests and mismatch analysis. We inferred demographic history of
jumbo squids from Bayesian skyline analyses to estimate effective population size through time. A total
of 19 haplotypes was found among the 653 bp sequences. Haplotype and nucleotide diversity was low
and no differences were found among locations. Neutrality index values were negative and statistically
significant, therefore consistent with a past population expansion. Similarly, mismatch distribution had
a typical L-shape of populations that have experienced a sudden population expansion. Bayesian skyline
analyses indicate a possible demographic expansion approximately 10,000 years ago. Our results suggest
that Dosidicus gigas consist in a huge panmictic population in the HCS that might experience dramatic
population expansions dating to the Holocene consistent with the increasing of sea surface temperatures. 

17.00 h.
44. Lindgren, AR

Department of Ecology, Evolution and Marine Biology.  University of California Santa Barbara, Santa Barbara, CA
93106

A molecular phylogeny of Decapodiformes (Mollusca: Cephalopoda) with special
focus on Oegopsida. The morphological variability of Decapodiformes (Mollusca: Cephalopoda)
has confounded our ability to infer phylogenetic relationships among Sepioidea, Spirulida, Idiosepiida,
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Myopsida, and Oegopsida and within Oegopsida.  This study investigates the evolutionary relation-
ships among 87 decapodiforms representing all major lineages and families, using a number of align-
ment parameters and parsimony, likelihood, and Bayesian analysis methods for sequences from five
molecular loci (18S rRNA, 28S rRNA, Histone H3, 16S rRNA, COI).  Monophyly of Oegopsida, Myop-
sida, and Bathyteuthoidea is consistently recovered irrespective of analytical method, however Sepi-
oidea is monophyletic only under certain conditions.  Within the large pelagic squid order Oegopsida,
three major clades are consistently recovered across analysis method providing support for several
lower-level relationships.  This study is the first in-depth molecular analysis of Decapodiformes with
special focus on the morphologically and biogeographically diverse Oegopsida, confirms several sis-
ter-taxon relationships, and provides new hypotheses of cephalopod evolution in the open ocean.

17.15 h.
45. Gillanders BM1, de Vries MC1 and Donnellan SC2

1. School of Earth and Environmental Sciences, Darling Building DX650 418, University of Adelaide, South Australia
5005, Australia. 2. Evolutionary Biology Unit, South Australian Museum, North Terrace, Adelaide, South Australia
5000, Australia.

Giant Australian cuttlefish: population structure, a species complex and potential
impacts. The giant Australian cuttlefish (Sepia apama) forms an annual breeding aggregation at
Whyalla (South Australia) that comprises more than a quarter of a million individuals, a phenomenon
not known in other cephalopods or found elsewhere across its southern Australian distribution.  Mo-
lecular, chemical and morphometric techniques were used to determine the population structure of S.
apama. Using a combination of standard population genetic analyses and Bayesian clustering methods
we inferred that five genetically different populations exist across the distribution of S. apama.  Statolith
chemistry and morphometric analyses then focused on individuals from South Australia, where the
molecular data suggested that three populations existed.  Statolith chemistry and morphological analy-
ses could reliably predict an individual’s membership into the correct population based on the genetic
analyses.  Results from the three techniques were therefore concordant.  The most important result is
that within South Australia, the breeding aggregation in the upper Spencer Gulf forms a separate pop-
ulation, with minimal interbreeding with the GSV population. In essence these populations show the
hallmarks of separate species, i.e. genetic separation, separate but adjacent distributions, differences in
the morphology that may indicate ecological differentiation and different patterns of sexual dimor-
phism. If these populations are indeed separate species then their evolution from a common ancestral
population appears to have occurred in the very recent past.  The breeding aggregation was previously
heavily fished, but more recently proposed industrial development suggests that this population may
be at some risk despite the State’s policy of lose no species.

17. 30- 17.55 h. Coffee break

18.00 h. Open session: Description of EOL and Life Desk by Roger T. Hanlon

Poster session
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Thursday, 10th

Symposium session: Genetics and Evolution

Chairman: Paul Shaw

08.30 h.
46. Millán-Márquez AM1, Salinas C1, Cruz P1 and Bernardi G2

1. Centro de Investigaciones Biologicas del Noroeste (CIBNOR). La Paz, México. 2. Universidad de California Santa
Cruz (UCSC). Santa Cruz, U.S.A.

Isolation and characterization of microsatellites of the giant squid Dosidicus gigas
(d´Orbigny, 1835) (Cephalopoda: Ommastrephidae). The giant squid, Dosidicus gigas is an
oceanic and neritic species endemic from the eastern Pacific, distributed from north California (43ºN)
to south Chile (40ºS), inhabits waters from surface up to 500 meters depth. Particularly, in the northern
Hemisphere it’s found inside the Gulf of California where it’s considered one of the most important
natural resources of the area. The management of this fishery faces many problems including the short
life cycle and the lack of information about the biology of the species. The use of morphometric and/or
meristic characters in this group is problematical due to extreme plasticity of body form and uneven
growth rates, making the studies neither accurate nor consistent. Recently the application of biochemical
or molecular genetics using mitochondrial DNA and allozyme markers have not been successful, as in
other groups, due to the low levels of genetic variability in many species of cephalopods. Microsatellites
have been the most common molecular markers in many genetic fields due of their multiple advantages
and applications. These markers are variable even in populations with low genetic variation, allowing
seeing population structure not previously detectable, this is the case of cephalopods. The current study
reports an initial description of highly polymorphic microsatellite loci in the jumbo squid D. gigas, iso-
lated through a genomic enriched library with an array of repeated oligonucleotides motifs (GATA15,
CTGT15) and dinucleotide (CT10, GT10). These markers are suitable for use in further population stud-
ies and the analysis of mating systems in behaviorally complex animals such as cephalopods.   

08.45 h.
47. Navet S 1, Andouche A 1, Baratte S 1,2 and Bonnaud L 1,3

1. Muséum National d’Histoire Naturelle, Département Milieux et Peuplements Aquatiques, Laboratoire Biologie
des Organismes Marins et Ecosystèmes. CNRS UMR 5178 – MNHN 2. Univ. Paris Sorbonne - Paris 4, Paris, France
3. Univ. Paris Diderot - Paris 7, Paris, France Contact: navet@mnhn.fr

Shh and Pax-6 have unexpected expression patterns and potential functions in em-
bryonic morphogenesis in Sepia officinalis (Cephalopod) In order to build phylogenetic
hypotheses about the nervous system evolution among protostomes, we use cephalopods as new
lophotrochozoan models. They are particularly suitable as they exhibit numerous morphological pecu-
liarities among mollusks such as their brain composed of functionally hierarchised lobes. In other meta-
zoan, the organization of the central nervous system (CNS) depends on numerous genes such as Shh
and Pax6. We studied their expression pattern during Sepia officinalis development by whole-mount in
situ hybridization. Pax6 is expressed in sensorial nervous structures such as eyes and associated optic
ganglia, as already seen in vertebrates and Drosophila, suggesting conserved function throughout evo-
lution. However, Shh does not show expression in nervous ganglia but in ganglia borders. Both have
unconventional expression: Pax6 is expressed in both dorsal and ventral CNS and in arms suckers; as
for Shh, its transcripts are detected in cartilaginous structures and neural cord of the arms. Those ex-
pression patterns in S. officinalis are strongly different from that we knew in other lophotrochozoan,
which is consistent with cephalopods’ derived body plan. It fully suggests the recruitment of these two
genes for new functions in cephalopods but their roles in the neurogenesis must be precised with func-
tional approaches. Studies using morpholinos, genes surexpression and cyclopamine soakings are cur-
rently in progress. However, other genes and other molecular paths must be involved in the formation
of cephalopods’ derived nervous system and other genes recruitment must have occurred during evo-
lution in this lineage. 
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09.00 h. 
48. Nödl MT1,3, Farfan CB2 and de Couet HG3

1. Department of Theoretical Biology, University of Vienna, Austria. 2. Departamento de Acuicultura. Centro de
Investigaci. 3. Department of Zoology, University of Hawaii at Manoa, USA

Wnt signaling and appendage development in the sepiolid squid Euprymna
scolopes. The Wnt pathway is an evolutionary conserved signaling pathway, which plays a pivotal
role in a large number of developmental processes, such as the establishment of the body axes and the
establishment of limb polarity. During the development of the vertebrate limbs, members of the wnt
gene family play a crucial role in the induction of limb formation, as well as for the growth and the es-
tablishment of the dorsal-ventral axis. In Drosophila melanogaster wnt genes mediate the organizing ac-
tivity of the dorsal-ventral boundary of the wings and specify the dorsal-ventral and proximo-distal
axis of the legs, respectively. Therefore, despite the profound differences in the structure of adult ap-
pendages found in vertebrates and arthropods the Wnt pathway maintains a central role in the ap-
pendage development of both phyla. Cephalopods are a highly derived class within the mollusks.
During the course of evolution members of this group underwent significant changes of their body
plan, including subdivision of the ventral foot into prehensile arms, tentacles, and a funnel tube, which
are considered true morphological novelties. In order to understand the molecular mechanisms that
underlie evolutionary innovation we isolated a number of wnt homologs from the Hawaiian bobtail
squid Euprymna scolopes and examined their expression by in situ hybridization. We will show that dis-
tinct Euprymna wnt paralogues are strongly expressed during the development of the arms and tentacles
of the squid, suggesting that the Wnt pathway plays an important role in limb patterning within the
cephalopod mollusks. 

09.15 h. 
49. Pardo-Gandarillas MC1, Ibáñez CM1, Palma AT2 and Poulin E1

1. Instituto de Ecología y Biodiversidad, Universidad de Chile, Santiago, Chile. 2.  CASEB Pontificia Universidad
Católica de Chile, Santiago, Chile.

Origin and molecular divergence of Octopus crusoe, octopus endemic to the Juan Fer-
nandez Archipelago. Oceanic islands represent some of the most isolated environments on earth and
exhibit generally relict and endemic taxa, as they receive their biota solely through dispersal from geo-
graphically distant source populations. The Juan Fernandez Archipelago (JFA), located 700 Km off the
Chilean continental coast, is a hotspot for endemic marine biodiversity and therefore represents an impor-
tant site for studies on speciation processes. In this study, we sequenced COI gene of octopuses from JFA
and from the Chilean coast to compare the genetic diversity indexes between continental and insular
species. Moreover, combining our data set with previously sequenced octopus species, we estimated the
phylogenetic relationships and divergence times between octopuses from JFA and the American continents.
Octopus crusoe was characterized by low genetic diversity indexes and exhibit a strong divergence (over 70
substitutions) with respect to O. mimus collected from Chilean coasts. Moreover, these taxa do not appear
as sister species as intuitively suggested by their geographical proximity. The origin of the JFA O. crusoe is
consistent with the estimated age of the Archipelago (3-4 Ma), but appears to occur earlier than the diver-
sification of Octopus genus in America, contemporaneous to the closing of the Panama Isthmus.

09.30 h.
50. Peterson LE1, Hochberg FG2, Reid AL3, Wagner RS1 and Johnson JE1

1. Dept. of Biological Sciences, Central Washington University, 400 E. University way, Ellensburg, WA 98926,USA
2. Dept. of Invertebrate Zoology Santa Barbara Museum of Natural History, 2559 Puestas del Sol Road, Santa Bar-
bara, Cal 93105 USA. 3. Dept. Health & Behavioral Science, University of Wollongong, Wollongong, NSW 2522
Australia

Molecular Analyses of North Pacific Bobtail Squid Populations. The North Pacific Bobtail
squid, Rossia pacifica, was originally described by S. S. Berry in a series of papers from 1911 and 1912.
Berry proposed two subspecies based on morphological differences, R. p. pacifica and R. p. diegensis. The
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subspecies R. p. diegensis was described from a few specimens collected near San Diego that were smaller
and more delicate. However, subsequent collections of both subspecies have often failed to find consistent
morphological differences between these populations. More recent work has also suggested that Bearing
Sea populations are distinct in both size and parasite loads. This study was conducted to attempt to eval-
uate the genetic structure of populations of R.pacifica and assess the genetic differences among these sub-
species. Individuals of R.pacifica were collected from across the geographical range of the species, extending
from Southern California to Alaska, including individuals that could be assigned to both subspecies based
on their morphological characteristics. Portions of the mitochondrial cytochrome oxidase subunit 1 and
subunit 3 genes were sequenced and a variety of phylogenetic analyses were conducted. These data re-
vealed two genetically distinct populations, a Bering Sea population, and the remaining individuals from
the southern portion of the geographic range (Seattle to southern California) and do not support the recog-
nition of R. p. diegensis. We are presently evaluating the morphological characteristics of these genetically
distinct populations with material from Santa Barbara Museum of Natural History and other collections
to see if there are consistent morphological differences among these populations.

09.45 h. 
51. Shaw PW1, McKeown NJ1, Sauer WHH2 and Arkhipkin AI3

1. School of Biological Sciences, Royal Holloway University of London, UK 2. Department of Ichthyology and Fish-
eries Science, Rhodes University, South Africa. 3. Falkland Islands Government Fisheries Department, P.O. Box
598, FIPASS, Stanley, Falkland Islands

Gene flow among squid populations: the effect of major coldwater upwelling sys-
tems on genetic structuring. As predicted from high dispersal life history characteristics such as
high adult mobility, high fecundity and pelagic larval stages, most squid species display genetic con-
nectivity among populations over large geographical distances. But what environmental or biological
features may disrupt gene flow in these species, and therefore allow allopatric speciation processes to
occur? In this study we examined the effect on genetic structuring within two species of Loliginid squid,
Loligo reynaudii around southern Africa and Loligo gahi around southern S.America, of the major cold-
water upwelling systems present on the SW coasts of both continents. Both mitochondrial DNA (COI
and cytb sequences) and nuclear DNA (microsatellites) markers were used to assess genetic diversity
and connectivity among populations within and between areas on both sides of the Benguela and Peru
upwelling systems. Results confirm expectations of high genetic connectivity among populations within
areas to either side of the upwelling systems, but significant genetic differences between areas. Levels
of genetic diversity indicate (geologically) recent bottlenecks and subsequent expansions in population
sizes in at least some population components of each species.

10.00 h. 
52. Soto W and Nishiguchi MK

Department of Biology, New Mexico State University, Las Cruces, New Mexico, USA 88001-8003.

Experimental evolution in the sepiolid squid-Vibrio symbiosis. The mutualism between
sepiolid squids (Cephalopoda: Sepiolidae) and their bioluminescent symbionts (Genus Vibrio) has be-
come an experimentally tractable system for physiological, evolutionary, molecular, and ecological
studies of symbiotic relationships. Since the squid host and their symbionts can be grown and main-
tained independently of each other in the laboratory, this association is feasible to empirical manipula-
tion, including studies examining differences between closely related host-symbiont pairs. Previous
research has shown that native strains of Vibrio fischeri will out-compete non-native ones isolated from
different host species, when competitive colonization experiments are conducted in the indigenous
host. Since previous experimental evolution studies with microorganisms have revealed that adaptation
can be observed relatively quickly, we propose a direct approach using experimental evolution to iden-
tify symbiotic and ecological loci by evolving non-native V. fischeri through a non-native Euprymna
species for 500 generations. Since a “frozen fossil record” of symbionts can be generated, the evolving
non-native clone has been monitored every 100 generations to determine if its competitive ability has
improved relative to native strains of V. fischeri. In addition, the relative competitive ability of the de-
rived non-native strain has been compared to the ancestral one to determine if fitness has improved
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through adaptation. This research addresses the potential of V. fischeri populations to expand into novel
squid host ranges, and whether non-native bacterial populations can displace native ones in a particular
geographical area. 

10.15 h. 
53. Strugnell J 1, Norman M 2, Vecchione M 3, Guzik M 4 and Allcock AL5

1.  Department of Zoology, University of Cambridge, Downing Street, Cambridge CB2 3EJ, UK. 2. Museum Victoria
GPO Box 666E Melbourne, Vic 3001, Australia. 3. NMFS National Systematics Laboratory, National Museum of Nat-
ural History, MRC-153, Smithsonian Institution, P.O. Box 37012, Washington, DC 20013-7012, U.S.A. 4.  Ecology and
Evolutionary Biology, The University of Adelaide, S.A. 5005, Australia. 5. Martin Ryan Marine Science Institute, Na-
tional University of Ireland Galway, University Road, Galway, Ireland.

The octopod ink sac clouds its evolutionary history. The resolution of higher-level phyloge-
netic relationships within the Order Octopoda has been hindered by the use of morphological characters,
which have arisen via homoplasy.  Phylogenetic analysis of the Octopodiformes using sequence data
from three nuclear and four mitochondrial genes revealed a number of strong groupings.  The morpho-
logical characters previously used to subdivide the Octopodidae -  the presence or absence of the ink
sac, uniserial or biserial sucker arrangement on the arms and the presence or absence of a diverticulum
branch off the crop - do not reflect evolutionary history within the Incirrata.  The four subfamilies recog-
nised in earlier work based on these characters, Octopodinae, Eledoninae, Bathypolypodinae, Granele-
doninae are artificial.  The ink sac has been lost in a number of evolutionary lineages, most notably in
deep-sea species, where it would serve no function in a lightless habitat, yet constitute a metabolic de-
mand.  The number of rows of suckers on the arms also appears to be a relatively plastic character.

10.30 h. 
54. Warnke KM1, Meyer  A2, Ebener B3 and Lieb B2

1. FR Paläontologie, Freie Universität Berlin, Malteserstr. 74-100, Haus D, 12149 Berlin, Germany. 2. Johannes Gu-
tenberg-Universität, Institut für Zoologie, Müllerweg 6, 55099 Mainz, Germany. 3. Johannes Gutenberg-Universität,
Institut für Molekulargenetik, Becherweg 30a, 55099 Mainz, Germany

Phylogenetic inferences on the taxonomic position of Spirula sprirula
(Cephalopoda) based on hemocyanin sequence data. Spirula spirula is a decabrachian
cephalopod with an uncertain phylogenetic position. Beside other basal morphological characters, this
species possesses a well developed internal shell which could suggest a very basal position within the
Decabrachia. However, phylogenetic inferences based on molecular data are sparse and not unambigu-
ously. Thus, the phylogenetic position of Spirulida is highly debated assuming different phylogenetic
positionings and changing sister group relationships, e.g. Sepia or Loligo. To reconstruct a robust phy-
logenetic tree and to resolve the authentic phylogenetic position of S. spirula within the Decabrachia
we partially analyzed the genomic organization, coding regions and primary structures of hemocyanin
of 16 specimens belonging to Spirulida, Sepiida, Sepiolida, Idiosepiida and Teuthida also supplemented
by public available data. Beside of new hints on the phylogeny of Spirulida, our analyses gave rise to
new hints in hemocyanin gene evolution and also provided new data to calculate a molecular clock
dating the first time appearance of the Spirulida.

10.45 h. 
55. Zheng XD1, Ikeda M2, Kong LF1, Lin XZ3, Li Q1 and Taniguchi N2

1. Fisheries College, Ocean University of China, Qingdao, China. 2. Laboratory of Population Genetics Informatics,
Graduate School of Agricultural Science, Tohoku University, Sendai, Japan. 3 Third Institute of Oceanography
State Oceanic Administration, Xiamen, China.

Genetic diversity and population structure of the golden cuttlefish, Sepia esculenta
(Cephalopoda: Sepiidae) indicated by microsatellite DNA variations. The golden cut-
tlefish, Sepia esculenta Hoyle (Cephalopoda: Sepiidae) is valuable and important fishery resource for
China, Japan and Korea and has therefore experienced severe population declines largely due to over-
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exploitation during the past decades. In order to provide guidelines for fisheries management, we es-
timated genetic diversity and population structure across four locations along the coast of Japan and
one location in China (a total 281 individuals) using nine microsatellite DNA loci. S. esculenta showed
high genetic variability that the mean allele richness ranged from 15.8 to 21.4, and the mean heterozy-
gosity ranged from 0.80 to 0.90. Weak but significant genetic differentiation was present and the FST
value was 0.020 across all five populations. The useful information obtained in this study will offer in-
sights to fine-tune conservation and fishery management measures in the future.

11. 00-11.25. Coffee break

Simposium session: Management, assessment and culture

Chairman: Jean Paul Robin

11.30 h.
56. George A1, Viana MT2, Rodríguez S3 and Rosas C4

1. Posgrado en Ciencias del Mar y limnología. Universidad Nacional Autónoma de México (UNAM). Sisal, Yucatán,
México. 2. Instituto de Investigaciones Oceanológicas, UABC, PO Box 453, Ensenada BC 22860, México 3. Unidad
Multidisciplinaria de Docencia e Investigación, Facultad de Química, UNAM. 4. Unidad Multidisciplinaria de Do-
cencia e Investigación, Facultad de Ciencias, UNAM.

Amino acids mobilization in juvenile octopus (Octopus maya) from Yucatan, Mex-
ico after fasting periods. Octopus maya inhabits the Yucatan Peninsula. The species has a high
aquaculture potential, which is mainly due to its high protein metabolism and nutritional requirement
in protein and amino acids (AA). In this work we present a trial growth in order to detect the mobiliza-
tion of metabolic reserves (amino acids) of juvenile O. maya under starvation condition. O. maya juveniles
were obtained in the experimental aquaculture facilities of UNAM in Yucatan. One hundred and twenty
individualized juveniles with 30 days old and fed fresh crab flesh bound gelatine were randomly dis-
tributed in 6 treatments (20 organisms each one): 2, 4, 6, 8 and 10 days of starvation, and a control treat-
ment. All octopuses began starvation period at the same time. Finishing each fasting period, 10
octopuses from each treatment were sampled for AA analysis using an HPLC system. Essential amino
acid (EAA) profile of the octopus before and after a starvation period of 4 days showed that threonine
(Thr) was highly mobilized during starvation. Thr had been reported in O. vulgaris as the best substrate
for D-lactate formation in tentacle. In contrast, Histidine (His) and Arginine (Arg) increased significantly
after starvation suggesting that, during protein metabolism both EAA could be synthesized. Arg has
been cited as vigorously metabolized in cephalopods and have an important role in anaerobic metabo-
lism and stress condition. This give an idea of the relative utilization of AA in octopus, in order to pro-
pose formulated diets with different levels of these AA to meet specific nutritional requirements.

11.45 h. 
57. Green CP1, Robertson SG2 and Jackson GD3

1. University of Tasmania, PO Box 114, Queenscliff, Victoria, Australia, 3225. 2. Fish Ageing Services, P.O. Box 396
Portarlington, Victoria, Australia, 3223. 3. University of Tasmania, Private Bag 77 Hobart, Tasmania, Australia,
7001

Stock discrimination of arrow squid, Nototodarus gouldi, using Fourier shape analy-
sis. To sustain fisheries resources, managers implement policies based on scientific data including age
and stock structure. Catch can be comprised of single or multiple stocks. Accordingly, fisheries man-
agers may choose management regimes, which are holistic, spatial independent or cohort specific.
Arrow squid form the primary catch of oceanic squid taken off southeastern Australia.  Completing
their lifecycle in less than one year, they exhibit high variability in growth, distribution, recruitment,
age composition, and catch rate. These attributes are thought to be highly influenced by differences in
their environment.  The arrow squid fishery is currently managed under the assumption that it is a sin-
gle population, though fishermen may be catching discrete stocks. This may have ramifications on its
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sustainability. Morphological based techniques have the potential to determine phenotypic stock dif-
ferences and elucidate migratory behaviour.  To determine stock structure within the arrow squid fish-
ery, new discrimination techniques have been developed using image analysis and applied to arrow
squid statoliths.  These structures are paired balance organs that have a composition and function sim-
ilar to otoliths. Recently, otolith (fish ear bone) shape has been used to differentiate spatially separated
fish stocks.  As a result, fisheries can now be managed at higher resolutions as multiple stocks. New
evidence suggests that more than one squid stock may exist. This is the first time Fourier analysis and
randomization techniques has been applied to squid statoliths to answer stock separation questions
and may lead to more rigorous management of squid fisheries worldwide.

12.00 h. 
58. Harrop J1, Vecchione M2 and Felley JD3

1. Dept. of Biology, Princeton Univ., Princeton, New Jersey 08544 USA. 2. National Marine Fisheries Service, Sys-
tematics Laboratory, National Museum of Natural History, Washington, D.C. 20013-7012, USA, vecchiom@si.edu.
3. Office of the Chief Information Officer, MRC 503, Smithsonian Institution, Washington DC 20560 felleyj@si.edu

An in-situ ethogram of the ommastrephid squid genus Illex in the northwestern At-
lantic. Squid are intelligent animals with the capability of producing a wide range of signals composed
of chromatic, postural, and locomotor components.  Knowledge of these species-specific signals is es-
sential to understanding squid behavior.  This study documents an in-situ ethogram, or catalogue of
the body patterns and behavior, of ommastrephid squids of the genus Illex, primarily I. illecebrosus. Ob-
servations were made using submersible video footage compiled from dives off Cape Hatteras and
New England, and in the Gulf of Mexico.  In total, 44 components were observed: 20 chromatic compo-
nents (6 light and 14 dark), 13 postural components, and 11 locomotor components.  Using co-occurrence
analyses, specific sets of components were shown to occur together either more or less often than they
would if chosen at random.  In addition, some of the components were observed occurring during spe-
cific behaviors, such as resting, hunting, or schooling.  

12.15 h. 
59. Jorgensen EM

University of Washington. Box 357940. Seatle., USA

Effects of starvation on the digestive gland of paralarval Enteroctopus dofleini. Tradi-
tional methods of studying the ecology of paralarval cephalopods rely on the use of distribution and
abundance data of the species of interest.  These data are the result of initial abundance (source) and mor-
tality due to starvation and predation (sinks).  To tease apart the relative impact of the source and sinks
on the final abundance of paralarval cephalopods an individual response variable is required.  The ob-
jective of this research was to determine and quantify an individual response variable in Enteroctopus
dofleini.  Enteroctopus dofleini eggs were collected and reared to hatching in a 30 cm diameter plank-
tonkreisel.  After first feeding, E. dofleini paralarvae were separated into six planktonkreisels; 200 animals
in each tank.  A 14-day experiment was conducted in which the animals in the three control tanks were
given excess food every eight hours and the animals in the three experimental tanks were kept without
food.  Three specimens were sampled from each of the six tanks every eight hours.  Histology and confocal
microscopy were used to quantify morphological differences between the control animals and the exper-
imental animals.  The digestive gland was found to vary significantly between fed and starved animals.

12.30 h. 
60. Markaida U1, Méndez-Loeza I1and Rosales-Raya ML2

1. El Colegio de la Frontera Sur, Calle 10 # 264, 24000 Campeche, Mexico. 2. Universidad Autónoma de Campeche,
Av. Agustín Melgar s/n, 24030 Campeche, Mexico.

Octopus maya fishery in Campeche, Mexico. Octopus catches for Octopus maya have increased
in recent years, being actually the most important fishery resource in Campeche and Yucatan states.
Over 31,500 octopuses were sampled for mantle length, weight, sex and sexual maturity at the landing
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harbors of Campeche during the fishing seasons from 2005 to 2008. Reproductive organs were sampled
in 1,500 individuals. This work describes in detail that most of the population gradually mature over
the fishing season, although mature individuals were found in most months.

12.45 h.
61. Nevárez-Martínez MO1, Cervantes-Valle C1, Santos Molina JP1, López-Martínez J2

and Morales-Bojórquez E2

1. Instituto Nacional de Pesca, CRIP Guaymas. Calle 20 Sur No. 605. Guaymas, Sonora. C. P. 85400. México. 2. Cen-
tro de Investigaciones Biológicas del Noroeste, S. C. Apartado Postal 349 Guaymas, Sonora. C. P. 85454, México.

Population dynamics of the jumbo squid (Dosidicus gigas) fishery off Guaymas,
Mexico, during the fishing seasons 2002/03 to 2007/08. This work reports on the population
dynamics of Dosidicus gigas from off Guaymas over the period of the 2002-03 to 2007-2008 fishing sea-
sons. Data were collected on mantle length, individual weight, and total catch. The D. gigas catches va-
ried, with the lowest landings (11 450 t) in the 2005-06 fishing season and the highest (36 200 t) in 2002-03.
Mantle length ranged from 20 to 100 cm. The mantle length-mass relationship for all seasons showed
allometric growth. Growth and natural mortality of D. gigas varied between seasons. The analysis of
cohorts showed high interannual variability in annual fishing mortality, annual exploitation rate, re-
cruitment, and mean abundance. The Thompson-Bell predictive model indicated that in all seasons the
current yields were lower than the maximum sustainable yield (and the associated fishing mortality).
The fishing mortality associated to the maximum sustainable yield, FMSY, did not necessarily coincided
with the fishing mortality associated with the level of proportional escape of spawning biomass, F%BR.
The management strategy for this fishery uses a proportional escapement (40% target). Our results
showed that for all fishing seasons the proportional escape (59% to 89%) was higher than the target
level (40%). This suggests that the D. gigas fishery is a healthy fishery.

13.00 h.
62. Neves1 V, Pereira1 JNG and Clarke2 MR 

1 Department of Oceanography and Fisheries, Centro do IMAR da Universidade dos Açores, 9901-862 Horta, Faial,
Azores, Portugal. 2 Rua do Porto 18, 9930-430 Lajes do Pico, Pico, Azores, Portugal

Can we monitor deep-water cephalopods off the Azores? (Or anywhere?): a review
of the past and a look to the future. The diet of several marine predators has been studied in
the Azores over the last three decades, including cetaceans, fish and new work on seabirds. Herewith
we present a review of these studies detailing the cephalopod species and sizes (when available) present
in the diet of over 10 different predators. We use the available information to evaluate the potential
contribution of these studies to our knowledge of cephalopods in this region of the north Atlantic. The
usefulness of these scattered studies is discussed and we propose a framework for an integrated long-
term study aimed at monitoring change in the Azores marine food-web. At a time when cost of oceano-
graphic vessels required for collecting data is escalating, using sampling of prey food provides an
excellent and much cheaper way of collecting data in order to monitor changes in prey populations. To
pursue this aim there is a clear need for beak identification tools and allometric relationships. This data
is available for the beaks of large cephalopods, however very limited information is available for the
smaller size-ranges of beaks. To address this need we studied the Cephalopod Collections of the London
Natural History Museum (NHM), specially targeting the smaller individuals of 29 different species (468
specimens). Beaks were described with an emphasis on differences and similarities across the size range.

13.15 h.
63. Dorval E, McDaniel J and Crone P

Southwest Fisheries Science Center, 8604 La Jolla Shores Dr., La Jolla CA 92037, USA.

Fecundity, egg-escapement, and F-based biological reference points in the market
squid fishery off California. Market squid (Loligo opalescens) support one of the most important
commercial fisheries in California. The fishery targets spawning aggregations, using purse seine and
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light boats, yielding an average annual landing of 70,009 mt from 1999 to 2006. Biological data indicate
that market squid live approximately six months and exhibit determinate fecundity. Based on these life
history characteristics, an egg-escapement model has been developed to better understand market squid
population dynamics and ultimately, as a management tool for this fishery. The model is founded on
classical per-recruit theory, coupled with the assumption that the amount of oocytes and ova in the
body tract of harvested females is related to fishing mortality (F), and can be used to develop candidate
proxies for F-based biological reference points. We used this model to assess the spatial/temporal status
of market squid stock(s) off California from 1999 to 2006. Also, we developed a simulation analysis to
evaluate appropriate biological reference points for the fishery. The simulation included results from
the egg-escapement model, varying levels of influential biological parameters (e.g., natural mortality
and egg laying rates), a stochastic stock-recruitment relationship, and population abundance estimates.
Although the simulation results were variable, plausible model scenarios indicated that spawning po-
tential ratios below F40% were not likely sustainable. The implication of these results for the manage-
ment of the fishery will be discussed.

13.30- 15.30 Lunch time

Chairman: Uwe Piatkowski

15.30 h.
64. Pecl GT1, Moltschaniwskyj NA1, 2, Doubleday ZA1, Semmens JS1, Leporati SC1 and

Danyushevsky L3

1.Tasmanian Aquaculture and Fisheries Institute (TAFI), University of Tasmania, Hobart, Tasmania, Australia. 2.
National Centre for Marine Conservation and Resource Sustainability (NCMCRS), University of Tasmania, Launce-
ston, Tasmania, Australia. 3. ARC Centre of Excellence in Ore Deposits, University of Tasmania, Hobart, Tasmania,
Australia

Development of an innovative mass tagging technique for cephalopods. For most
cephalopods there is little quantitative information about the movement of individuals, particularly
when they are small, because it is incredibly difficult to track or mark large quantities of juveniles. We
trialled a new technique, recently pioneered in fish, in which the tag is transmitted from mother to off-
spring and can allow marking of large numbers of juveniles which are easily detected when ‘recaptured’
as adults. We injected female Sepioteuthis australis, Octopus pallidus and Euprymna tasmanica with an en-
riched barium isotope (137Ba) and assessed the incorporation of the isotope into the hard structures (sta-
toliths and stylets) of the offspring. Reproductively mature females were injected with 137Ba at one of
three dose rates, and the hard structures of juveniles produced by each female were examined by laser
ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS). Offspring from injected females
had ratios of 138Ba/137Ba significantly different from natural levels (control females). Higher doses pro-
duced larger differences in the isotopic ratio and the site of injection was important in successful trans-
mission. Injection and release of wild females with this artificial tag would allow the tracking of offspring
from spawning grounds across a range of spatial and temporal scales. Field applications of this technique
include exploration of the extent of self-seeding, degree of connectivity among local/adjacent popula-
tions, and dispersal scale of individuals, paving the way for development of potential models of popu-
lation replenishment. Defining the scale of connectivity among populations, and the factors driving this
exchange, is pivotal to our understanding of the population dynamics for marine species. 

15.45h. 
65. Portela J, Pierce GJ, del Río JL, Sacau M, Patrocinio T and Vilela R

Instituto Español de Oceanografía (IEO), Spain.

Preliminary analysis of the stock status of Illex argentinus and Loligo gahi on the High
Seas of the SW Atlantic and possible interactions of fishing activities with VMEs in
this area. During the austral late summer and early autumn of 2008 and 2009 the Spanish Institute of
Oceanography (IEO), jointly with the Spanish General Secretariat for the Sea (SGMar), undertook two
research cruises on the High Seas (HS) of the SW Atlantic to study of the main commercial fish stock
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status and the interactions of fishing activities with Vulnerable Marine Ecosystems (VMEs). Two main
cephalopod species (Illex argentinus and Loligo gahi) are targeted by the Spanish bottom trawl fishery car-
ried out since 1983 in this area This paper presents, from an ecosystem approach, the preliminary results
of those cruises combined with previous information from the commercial fishery, describing spatial dis-
tribution of both cephalopod and benthic species, geomorphologic and hydrographical characteristics of
the study area, as well as the possible interactions between anthropogenic activities and VMEs. 

16.00 h. 
66. Promboon P1, Nabhitabhata J2 and Duengdee T1

1. Department of Marine Science, Faculty of Fisheries, Kasetsart University, Chatuchak, Bangkok 10900, Thailand.
2. Centre for Biodiversity of Peninsular Thailand, Faculty of Science, Prince of Songkla University, Hatyai, Songkhla
90112, Thailand.

Life cycle of marbled octopus, Amphioctopus aegina Gray, 1849 (Cephalopoda: Oc-
topodidae) reared in laboratory. Bloodstocks of the marbled octopus, Amphioctopus aegina Gray,
1849 were collected from the wild and reared in laboratory where they mated and spawned.  Life cycle
of the octopus was studied from the egg stages and reared hatchlings to the adult stage.  The egg capsule
is single, white colour, grape shape with stalk attaching to the festoon.  The embryonic phase was
18.3±0.6 d at 29.7±0.6 °C.  The planktonic phase from hatching was 20-25 d before settlement to the ben-
thic stage.  Mean mantle length of hatchlings was 2.68±0.09 mm and body weight 0.0029±0.0004 g.  The
young octopuses in planktonic phase fed on larvae of penaeid shrimp and in early settling phase on
wild amphipods, live goby and clam.  Adult octopuses were fed on live bivalves and penaeid shrimps
as well as sliced fish meat.  Daily growth rate from hatching to 160 d was 1.94±1.78 % by mantle length
and 6.41±5.60 % by weight with 16.04±10.98 % gross feed conversion efficiency.  Mating was first ob-
served at 125.4±15.3 d and spawning at 157.7±12.9 d.  The female cradled her eggs in her arm webs.
Average fecundity was 6900±1418 eggs.  Death of both sexes after spawning suggested the life span of
215.3±26.3 d. Planktonic phase in A. aegina was approximately 11.6% and reproduction phase was 41.8%
of their life span.

16.15 h. 
67. Robin JP1, Jackson E2, Robbins T 3, Shaw P4, Roel BA5, Carpentier A6, Foucher E 7,

Legrand V 8 and Attrill M 9

1. Université de Caen Basse-Normandie, UMR-IFREMER-100-Physiologie et Ecophysiologe des Mollusques Marins,
Esplanade de la Paix, 14032 Caen cedex, France 2: The Marine Biological Association of the United Kingdom. The
Laboratory Citadel Hill, Plymouth, UK 3.  Devon Sea Fisheries Committee. The Quay, Brixham, UK 4. Royal Hol-
loway Unversity of London, Egam, UK 5. Centre for Environment, Fisheries & Aquaculture Science. Pakefield
Road, Lowestoft NR33 0HT, Suffolk, UK. 6. IFREMER Laboratoire Ressources Halieutiques de Boulogne/mer,
France 7. IFREMER Laboratoire Ressources Halieutiques de Port-en-Bessin, France 8. Comité Régional des Pêches
Maritimes de Basse-Normandie, Cherbourg, France 9. University of Plymouth, Marine Institute, Drake Circus, Ply-
mouth, Devon, UK.

Cephalopod Recruitment from English Channel Spawning Habitats (CRESH): rationale,
objectives and feasibility of a new EU funded project. The objective of this paper is to present a
new Franco-English project (whose acronym is “CRESH”) that is starting in 2009 and devoted to the habitat
and ecology of eggs and juvenile Cephalopods in the English Channel. Direct study of egg laying grounds and
pre-recruit stages is justified both for assessment purposes (and understanding recruitment variability) and
for ecosystem functioning (and better knowledge of essential habitats). The project will deal first with Sepia of-
ficinalis a species known to spawn inshore in both English and French waters when the stock is mainly exploited
in the central part of the English Channel by fishing fleets of both countries. A series of techniques will be com-
bined to define habitat preferences for early stages and to estimate the contribution of local spawning grounds
to the whole English Channel stock. Preliminary observations of natural substratum used by females to attach
their eggs have shown that a wide variety of seaweeds were used. Applied results will be discussed with fish-
ermen who are concerned by eggs attached to trap nets and with managers of the coastal zone. 
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16.30 h. 
68. Yamashiro C, Aguilar S, Mariátegui L, Argüelles J and Taipe A

Instituto del Mar del Perú, Esq. Gamarra y Gral. Valle s/n Chucuito, Callao, Perú 

An overview of cephalopod fisheries in Peru. Forty species of teuthid cephalopods has been
registered in Peru. However, only three have importance from a fishery perspective: the jumbo squid
Dosidicus gigas, the Patagonian squid Loligo gahi and the Chango’s octopus Octopus mimus. This work
discusses landings, abundance indexes and size structure of these commercial species between 1990
and 2008. It also deals on the effect of ENSO events on these resources, as an atmospheric-oceanographic
element to be considered in fisheries management.. Dosidicus gigas, the only species catches by jigging
industrial fleet, is the most important cephalopod resource in the East Pacific, and its fishery started in
1991 in Peruvian waters with total annual landings between 56 t in 1998 and 293,424 t in 2008. Two pe-
riods of high availability were observed in 1991-1995 and 2000-2008, related to warm and cold environ-
mental conditions, respectively. During last years, the cephalopods landings accounted for 90% of the
small-scale invertebrate’s fishery in Peru. The main species in this artisanal fishery are the octopus and
the squid. In relation to Octopus mimus, catches started to increase in the 80’s and the maximum was
registered in 1998, while the highest catches and relative abundances were found in summer and warm
periods. Loligo gahi catches showed annual fluctuations reaching the highest values in the 90’s, showing
a peak of abundance in autumn and spring, which occasionally extended into the summer. 

17.00- 17.25 h. Coffee break

Symposium session: Life History

Chairman: Michael Vecchione

17.30 h. 
69. Akre  KL

Department of Ecology, Evolution, and Behavior. The University of Texas at Austin. USA.

The social dynamics of alarm signaling in Lolliguncula brevis. Many social animals use
alarm signaling to alert group members to potential danger from predation.  In vertebrates, an audience
effect, by which signal behavior depends upon the social environment, influences the dynamics of alarm
signaling.  The brief squid (Lolliguncula brevis) is a social invertebrate that produces chromatophore
rings around the mantle and head in an alarm response that is common to many squid species.  These
rings are thought to both a) communicate alarm to conspecifics, and b) reduce the risk of being attacked
by breaking up the body form and confusing predators.  Neither function, however, has been tested.
The dynamics of alarm signaling in squids are expected to differ from vertebrate groups if alarm rings
do reduce predation risk.  In this case, L. brevis should not show an audience effect in alarm signaling,
because the benefits of signaling occur regardless of the social environment, so individuals should al-
ways signal an alarm response.  In this study I first tested whether ring signals communicate alarm to
conspecifics, and then determined whether signalers exhibit an audience effect.  Specifically, I intro-
duced a frightening object to a focal squid and measured whether a “danger-blind” squid responded
to the focal squid’s alarm signal, and whether the focal squid varied signal production according to the
social environment.  I discuss results in terms of signal evolution and social behavior. 

17. 45 h.
70. Boavida-Portugal J1, Moreno A2, Gordo L1 and Pereira J2

1. Faculdade de Ciências de Lisboa, Centro de Oceanografia and Departamento de Biologia Animal, Bloco C2,
Campo Grande, 1749–016 Lisboa, Portugal. 2. U-REMS, IPIMAR, Avenida de Brasília, 1449-006 Lisboa, Portugal.

Reproductive strategies in female Loligo vulgaris. Loligo vulgaris (Lamarck, 1978) is the most
abundant and commercially important species of squid in Portuguese waters. The species presents a

Cephalopod International Advisory Council Symposium (CIAC’09)



- 49 -

complex population structure due to a short life cycle, highly variable growth rates and a long spawning
period. The latter characteristics combined with the marked seasonality of the Portuguese coast results
in individuals that are born in different seasons being influenced by different environmental conditions,
notably water temperature, as has previously been shown. In the present study, we have taken animals
belonging to each of two previously defined temperature-based hatching cohorts (cold and warm co-
horts – CC and WC) and determined the fecundity and egg size of individuals in both groups, in order
to determine whether animals in different cohorts followed different reproductive strategies. Significant
differences were found between the cohorts regarding reproductive investment, fecundity and size of
oocytes. Individuals of the CC (larger and older when reaching maturity) had lower fecundity than in-
dividuals of the WC, but presented larger oocytes. WC females (smaller and younger at maturity) pres-
ent higher fecundities and higher GSIs. Such notable differences further demonstrate the high plasticity
and adaptability of these organisms to environmental conditions.

18 .00 h.
71. Doubleday ZA1, Pecl GT1, Semmens JM1 and Danyushevsky L2

1.  Marine Research Laboratories, Tasmanian Aquaculture & Fisheries Institute, University of Tasmania, Hobart,
Tasmania, Australia. 2. Centre for Ore Deposit Research, University of Tasmania, Hobart, Tasmania, Australia.

Stylet elemental signatures - a new approach to investigating the population struc-
ture of octopus. Very little is known about the population structure or dispersal patterns of octopus,
despite their ecological and commercial importance.  Natural elemental signatures were used to inves-
tigate these parameters in two commercially harvested Australian species, Octopus maorum and Octopus
pallidus, which also have different early life history strategies (planktonic and benthic respectively).  El-
emental signatures within the pre-hatch region of the stylet (a small internal ‘shell’) were used to inves-
tigate connectivity and the common origins of adults collected from Tasmania, South Australia and New
Zealand.  Using laser ablation inductively-coupled plasma-mass spectrometry (LA ICPMS) the stylets
were analysed for 12 elements, several of which were excellent spatial discriminators.  There was evi-
dence of sub-structuring within the O. maorum population despite the species’ high dispersal potential.
Individuals from an aggregation in south-east Tasmania were particularly distinct and appeared to share
a local common origin. O. pallidus showed a relatively high level of population structure with all samples
appearing distinct from each other, which is in accord with the species’ limited dispersal potential.  The
population structure of O. maorum was also investigated using microsatellite DNA markers and mor-
phometrics; these results are also discussed and compared to the elemental data. This research presents
the first insights into the population structure of O. maorum and O. pallidus using the novel application
of stylet elemental signatures, which will have direct application to other exploited octopus species. 

18. 15 h.
72. Dunstan A1 and Ward P2

1. School of Biomedical Sciences, University of Queensland, Brisbane, Qld 4072, Australia.. 2. Dept of Biology, Uni-
versity of Washington, Seattle, 98195, USA

Nautilus pompilius vertical migrations turned upside down. The movement patterns of
Nautilus pompilius in the deep (100 – 500m) tropical habitat of Osprey Reef, Coral Sea, Australia are re-
ported. Ultrasonic tracking methods used and the diurnal vertical migration patterns recorded from this
detailed study are presented. The resulting data refute the widely accepted past assumptions of nautilus
behaviour, which theorise upward vertical night migrations from deeper daytime resting locations. This
investigation demonstrates daytime resting behaviour in the relatively shallow 200m depths with night
active movement between depths of 130 to 525 metres. 79% of daytime recordings of nautilus were within
the 150-225 m depth region as compared to only 42% of night recordings. Resting periods, determined
by recording of a maintained nautilus depth and GPS position, comprised the major component of day-
time recordings in statistically relevant contrast to the negligible resting periods during night recordings.
Comparisons are made with previous studies and new theories for depth migration in relation to light,
predation, foraging, resting and buoyancy equilibration in nautilus are presented. Horizontal movement
patterns and home range data are also presented. The importance of these findings to concurrent popu-
lation density estimation studies and prediction of sustainable fishing levels is discussed.
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18.30 h.
73. Nigmatullin ChM

Atlantic Research Institute of Fisheries and Oceanography (AtlantNIRO), Kaliningrad 236022, Russia

The cephalopod biology paradigm formation: history and modern status. Scientists in-
stinctively understand how to live science without being aware that they are doing so. In truth, we all in
fussy everyday life do not completely realize the alteration in the branch of science dealing with cephalopod
biology. But there was took place momentous event: during the life of one generation from the end of 1960s
to the end of 1990s the accelerated formation of a cephalopods’ biology paradigm had taken place. Thanks
to the efforts of numerous international groups of investigators, the biology of cephalopods in 1990s pro-
ceeded from a pre-paradigm condition to a paradigm condition (in sense of T. Kuhn, 1962). It means theory
adequately explaining the facts of cephalopod life and providing methods for their adequate study. It is im-
portant to note that this fundamental increasing of our knowledge on cephalopods was mainly due to the
“gold era of 1960-1980-s” in biological oceanography and fishery biology with intensive expeditions in all
the World Ocean and significant financial support for field and experimental investigations. The prominent
key-role in this paradigm formation played some outstanding cephalopod researches. The consciousness
of given situation by participants of this investigative process not yet occurs: the process developed spon-
taneously by self-organization of scientific search that aimed on receiving the data adequate to natural.

18.45.
74. Leite TS1 and Haimovici M2

1 Departamento de Oceanografia e Limnologia (UFRN). Via Costeira s/n, Bairro de Mãe Luiza, Natal/RN; CEP
59014-100. e-mail: leite_ts@yahoo.com.br. 2Instituto de Oceanografia. Laboratório de Recursos Demersais e Cefa-
lópodes (FURG). docmhm@furg.br

Natural history and distribution of Octopus insularis (Leite & Haimovici, 2008) in
the oceanic islands of Northeastern Brazil.  In a recent study of the octopus’ biodiversity on
the shallow waters of northeastern Brazilian’s cost and oceanic islands a new species was found and
described: the Octopus insularis. This species is the most abundant of all large octopus species in shallow
waters around the oceanic islands of Northeastern Brazil and in some reef environments along the coast
from Para (01o 28´N, 48o 29´W) to Bahia States (12o 56´N, 38o 31´W). They are primarily found in hard
substrates and the juveniles are more frequently under rocks over soft bottom on reef crests, tide pools
and bed rocks at depth under 5 m. Larger specimens, mainly maturing and mature males are found in
dives at depth up 20 m, mainly on reefs or rocky bottoms. In Fernando de Noronha Island the O. insularis
diet, which was studied through analyses from middens near dens, includes at least 48 species of crus-
taceans, bivalves and gastropods, from which four are dominant: the small crabs Pitho sp. and Mithrax
forceps (23.9%), the bivalve Lima lima and the gastropod Pisania pusio. Their reproduction occurs in shal-
low waters, mainly during summer. The O. insularis mating behavior includes mate guarding, sneaker
mating, frequent copulation and male-male competition for mates. Their mating behavior is very similar
to the small octopus Abdopus aculeatus in Indonesia.

Poster session

Friday 11th

Chairman: Roger Villanueva

08.30 h.
75. Ebisawa S, Segawa S and Tsuchiya K

Tokyo University of Marin Science and Technology. Minatoku Kounan 4-5-7, Tokyo, Japan.

Feeding behavior and oxygen consumption of Octopus ocellatus preying on short-
neck clam Ruditapes philippinarum. Bivalves are a major prey of octopuses, which they eat

Cephalopod International Advisory Council Symposium (CIAC’09)



- 51 -

with pulling and drilling.  Studies on the feeding behavior of octopus are mainly focused on the pattern
of drilling, but little is known about the energy cost of feeding. In this study, we observed the feeding
behavior of Octopus ocellatus preying on short-neck clams, and analyzed the feeding cost based on oxy-
gen consumption. Octopuses of 4.4-52.1 g wet weight (W) and clams of 8-35 mm shell length (SL) were
used for experiments. The feeding behavior and oxygen consumption (R, μgО2 gW-1 h-1) includes before
feeding (Rb), at rest (Rre), in routine (Rro) and during feeding (Rf) were analyzed. There was no signif-
icant difference between Rb and Rro (t-test, P>0.05). Rre was about 76% of Rro.  Hence scope for activities
was estimated as the difference between Rf and 76% of Rb. Feeding patterns were pulling and pulling-
drilling-pulling with its derived forms. The SL range of clams eaten by only pulling (PS) was narrower
than that of both pulling (PD) and drilling. PD required longer time for feeding than PS.  It was cate-
gorized as PDA with a minimum energy and PDB with an energy equivalent to Ps. PDB with drilling
required the longest time and the highest energy cost.  PDA with drilling was an economical method,
so PDA is functional for sensor to select feeding patterns. O. ocellatus can eat clams by various combi-
nations of pulling and drilling depending on the relative size of bivalves, and each combination requires
different energy costs.

08.45
76. Gasalla MA1, Rodrigues AR1,2 and Postuma FA1,2

1. Fisheries Ecosystems Laboratory, Department of Biological Oceanography, Instituto Oceanográfico, University
of São Paulo, Brazil. 2. Aquaculture and Fisheries Graduate Program, Instituto de Pesca, São Paulo, Brazil.

Trophic role of Loligo plei based on feeding habits of specimens caught by inshore
hand-jigs and shelf trawl fisheries in the South Brazil Bight.  The stomach contents of
2,200 Loligo plei caught in shallow waters off São Sebastião by hand-jigging (< 25 m depth), and as by-
catch of shrimp-trawlers in the South Brazil Bight inner shelf (30-100 m depth) have been examined.
Changes in feeding habits related to squid’s size, season and fishing area were detected. Fullness was
detected for just 20% of the specimens sampled during 2002-2008, with a frequency of empty stomachs
lower in summer. Mantle-length range and food of L. plei caught by jigging (105-356 cm) appeared dis-
tinct from individuals caught by trawlers (30-236 cm) showing preys of Teleostei, Crustacea,
Cephalopoda and Polychaeta. Food categories of the shelf’s strata had not shown amphipods neither
polychaetes, while in both fishing areas, fish showed the highest frequencies of occurrence. Such pis-
civory appeared to be highest during summer and between squids caught inshore (88%), while the oc-
currence of crustaceans was higher in smaller squids in both fishing areas. Identified fish otoliths
included Anchoa spp and Selene spp as the most common preys inshore, and the scad Trachurus lathami
as the most frequent prey in the shelf. Feeding habits of Loligo plei were based mainly in small pelagic
species possibly associated with the intrusion of the South Atlantic Central Waters, Trichiuridae and
the hake Merluccius hubbsi, although demersal species such as the sciaenid Ctenosciaena gracilicirrhus,
and flatfish were also present. This new data were tested in ecosystem modeling exercises evidencing
that Loligo plei represent an important link between pelagic and demersal energy pathways with a high
probability of being a keystone species in the system.

09.00 h.
77. Harms L1 and Piatkowski U2

1. Institut für Biologie und Umweltwissenschaften, Universität Oldenburg, Ammerländer Heerstraße 114-118,
26111 Oldenburg, Germany. 2. Leibniz-Institut für Meereswissenschaften, IFM-GEOMAR, Düsternbrooker Weg
20, 24105 Kiel, Germany

Fine-scale vertical distribution and field growth estimations of early life
cephalopods in the Arabian Sea, Indian Ocean.  Early life cephalopods were studied from
zooplankton samples taken during a research cruise of RV Meteor in the Arabian Sea in March 1987
with a multi-opening-closing net system (MOCNESS) of 1m2 net opening and equipped with nets of
300 µm mesh size. Within five days thirty-five hauls were performed, each covering eight depth strata
between 100 m depth and the sea surface, at five stations located close to a satellite-tracked drifting
buoy to achieve sampling in a stable water body. This allowed a fine-scale resolution of vertical distri-
bution patterns and an estimation of field growth of the cephalopod populations sampled during a pe-
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riod of approximately 120 hours. A total of 12,925 early life cephalopods were caught. They were iden-
tified to the lowest possible taxon and their dorsal mantle length was measured. Five cephalopod fam-
ilies occurred, each represented by one species. In numbers, the cranchiid Liocranchia reinhardtii was the
most abundant species contributing 88% of the total cephalopod catch, followed by the ommastrephid
Sthenoteuthis oualaniensis (7.24%) and the onychoteuthid Onychoteuthis banksii (1.74%). The fine-scale
distribution of the cephalopods was related to oceanographic patterns and differed between species.
Liocranchia reinhardtii and Sthenoteuthis oualaniensis seemed to be associated with the pycnocline, whereas
Sthenoteuthis oualaniensis was commonly caught above the pycnocline. Day/night differences in the ver-
tical distribution appeared only to occur in Onychoteuthis banksii with an apparent upward migration
during night. The length measurements revealed in-situ growth rates of 0.30 mm/day in Liocranchia
reinhardtii and of 0.18 mm/day in Onychoteuthis banksii.

09. 15 h .
78. Iwata Y1, Sauer WHH2, Shaw P1, Sato N3 and Sakurai Y4

1. School of Biological Sciences, Royal Holloway University of London, UK. 2. Department of Ichthyology and Fish-
eries Science, Rhodes University, South Africa. 3. Graduate School of Environmental Science, Hokkaido University,
Japan. 4. Graduate School of Fisheries Sciences, Hokkaido University, Japan.

How does fertilisation opportunity affect sperm investment strategies? A comparison
between two loliginid squid species. Loliginid squid offer an excellent opportunity to examine
the evolution of alternative mating tactics and their relationship to sperm investment strategy among
males. Females have two sperm storage sites (near or inside the oviduct and near the mouth), which are
correlated with alternative mating tactics adopted by males (consort and sneaking tactics, respectively).
Both South African Chokka squid Loligo reynaudii and Japanese squid Loligo bleekeri display these alter-
native mating tactics, but each species displays slightly different mating behaviours that can affect fer-
tilisation opportunities of consorts and sneakers. In this study, by comparison between these two squid
species, we show how fertilisation opportunity affects sperm investment strategy. In L. bleekeri, males
were classified into two groups (consort and sneaker) according to spermatophore dimorphism. Gonad
somatic index (GSI) was correlated with mantle length, but the relationship was discontinuous between
the groups. GSI was not different between groups but higher in smaller males within each group, sug-
gesting that there is strong intra-group sperm competition. In L. reynaudii, males were classified into
three groups according to spermatophore size and morphology, but the relationship between mantle
length and GSI was continuous across groups. GSI was higher in smaller males irrespective of group. L.
reynaudii sneakers had double the GSI of L. bleekeri sneakers, suggesting that the sperm of L. reynaudii
sneakers has higher opportunity to engage in inter-group sperm competition. These results suggest that
fertilisation opportunity may strongly affect a male’s sperm investment strategy.

09. 30 h. 
79. Kaifu K 1, Akamatsu T 2 and Segawa S3

Ocean Research Institute. The University of Tokyo, Tokyo, Japan. 2. National Research Institute of Fisheries Engi-
neering, Fisheries Research Agency, Ibaraki, Japan. 3. Department of Ocean Sciences, Tokyo University of Marine
Science and Technology, Tokyo, Japan

Properties of underwater sound detection in cephalopod. Although the myth of “deaf
cephalopod” had already been denied in the end of the 20th century, the biological significance of the
cephalopod “hearing” is still unclear. Recently, cephalopod statocyst was empirically validated to detect
particle motion (i.e. kinetic sound component). To understand the mechanism of their acoustical per-
ception system, we examined frequency dependence of particle motion sensitivity in cephalopod by
comparing the physical model of the detection system with previously reported physiological data. The
perception model of the cephalopod statocyst was assumed to be forced oscillation. According to this
model, perception threshold for particle acceleration is stable at low frequencies and elevates four times
per octave in the high frequency range. Perception thresholds of Sepia officinalis, Octopus vulgaris and
O. ocellatus fitted well with the model at low frequencies below 150 Hz. However, at relatively high fre-
quencies above 150 Hz, the threshold increased more steeply than the predicted increment. These results
indicate that frequency response of the perception threshold of cephalopod to particle motion could be
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primarily understood by the forced oscillation model; while some other unknown factor(s) was expected
in the higher frequency range over 150 Hz. Cephalopods were suggested to be sensitive for low fre-
quency particle motion rather than high frequency. The evolutional function of the cephalopod acousti-
cal perception is unknown; however, the data suggests that they recognize low frequency particle
motion, which may be generated by conspecific, prey or predatory species.

09. 45 h . 
80. Kubodera T1 and Mori K2

1. National Museum of Nature and Science, Tokyo. Japan. 2. Ogasawara Whale Watching Association, Ogasawara.
Japan

In situ observations on bait attacking behaviours of neon flying squid (Ommas-
trephes bartrami) and diamond-back squid (Thysanoteuthis rhombus) off Ogasawara
Islands. We introduce our recent research on deep-sea large squids off Ogasawara Islands by using
under-water HD video camera system during 2006-2008. The most frequently observed was neon-flying
squids, which attack bait squid or lure jig or lead weight at depths between 400 and 800 m. They spread
all arms when attacking and seldom associating with flash change of body reflection (bioluminescence?).
Occasionally, they were hooked on lure jig and filmed more than a few minutes during which other
squids were observed approaching and holding hooked individual (mating?). Signals by flash change
of body reflection pattern between hooked individual and the other squids were suggested. Diamond-
back squid was observed for the first time at about 400 m depth in December 2008. They took a short
positioning phase before approaching the bait and also spread all arms when attacking. We discuses
differences in bait attacking behaviours among deep-sea large squids. 

10.00 h.
81. Laptikhovsky V and Arkhipkin A

Fisheries Department, P.O. Box 598, Stanley, FIQQ 1ZZ, Falkland Islands

Squid as fish prey on the southern part of Patagonian shelf. Nektonic squid are one of
the most abundant groups in the ecosystem of the Falkland shelf and upper slope (50-300 m). Loligo
gahi inhabits the Falkland shelf all year round at all stages of the life cycle, whereas maturing and mature
Illex argentinus, juvenile Gonatus antarcticus, and juvenile to early maturing Moroteuthis ingens use the
shelf for seasonal foraging. To study the role of squids as fish prey, a total of 6,531 stomachs of 20 fish
species have been examined with a total of 109,523 food items identified. The most important squid
prey was L.gahi. It represented about a half of food intake for Merluccius hubbsi, quarter of that in Cot-
toperca gobio and subadult Dissostichus eleginoides, about 10-15% in Squalus acanthias, Schroederichthys
bivius, Salilota australis, Lampris immaculatus, and some rays. I.argentinus played an important role in
feeding of M.hubbsi, Genypterus blacodes, and S.australis. Both commercial squid species have no spe-
cialised predators, unlike M.ingens that is preyed upon by L.immaculatus. G.antarcticus does not play an
important role in fish diets. Altogether squid represented less than 10% of food intake by fish in contrast
to >50% of human harvest in the region. A low overall importance of cephalopods in fish diet may be
explained by the fact that the most abundant regional fish (hoki, blue whiting, and rock cod) are plank-
tivorous. Large nektonic predators appear on the Patagonian Shelf and upper slope in relatively low
numbers either seasonally (hakes) or as a small part of their life cycle (toothfish) preying upon local
nektonic squid. 

10.15 h. 
82. Leporati  SC, Semmens JM and Pecl GT

Tasmanian Aquaculture and Fisheries Institute, Marine Research Laboratories, University of Tasmania. Private
Bag 49, Hobart, Tasmania 7001, Australia.

Age, growth and reproductive status of Octopus pallidus. Age-specific information on in-
dividual reproductive development in wild octopus populations has until recently been unobtainable.
In response to this a method that quantifies growth rings within stylets (internal shells), known as stylet
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increment analysis (SIA), has been developed. SIA was used to determine gender and seasonal influ-
ences on age and growth for a wild population of Octopus pallidus. This information was then combined
with detailed reproductive data. The results revealed a maximum age of 1.6 years, with males on aver-
age significantly larger (550 g males: 482 g females) and older (259 d males: 243 d females) than females
and overall growth rates being positively correlated with temperature at hatching. However, these dif-
ferences were secondary to individual growth heterogeneity, with growth of males ranging 1.32 - 5.33%
body weight (bw) d–1 and females 1.55 - 6.9% bw d–1, with no relationship between age and size evident
regardless of sex. Maturation was found to be primarily dependent on size, highly variable between
genders and not related to age, with some females >350 d still maturing in comparison to all males >142
d being mature. Size at 50% maturity for females was approximately 473 g, which was considerably
larger than male 100% maturity at <250 g. This indicates that for females at least, maturity does not nec-
essarily come with age. Seasonal scheduling in reproductive investment between genders revealed an
optimal spawning period between late summer and early autumn. These results reinforce the view that
individual growth and maturity is highly variable in cephalopods and demonstrates the value of SIA
as a promising ageing method.

10.30 h.
83. Martin B1, Lefebvre S 1, Pereira J 2, Santurtún M 3 and Robin JP1

1. Université de Caen Basse-Normandie, UMR-IFREMER-100-Physiologie et Ecophysiologe des Mollusques Marins,
Esplanade de la Paix, 14032 Caen cedex, France 2: IPIMAR. Av. Brasilia s/n 1400 Lisboa, Portugal 3: AZTI Txatxa-
rramendi Ugartea z/g 48395 Sukarrieta (Bizkaia), España.

Trophic ecology of the squid Loligo vulgaris (Lamarck, 1799) (Mollusca:
Cephalopoda) using stable isotopes: ontogenic and spatial changes in food regime
in the North-east Atlantic. Loligo vulgaris is one of the two long-finned squid species fished in Eu-
ropean waters and this species is dominating in the South. Better knowledge of its food habits is desir-
able to develop multi-specific management of marine resources and to better understand the
consequences of its exploitation on marine food webs (ecosystem approach to fisheries). In this study,
the analysis of isotopic signatures of nitrogen (δ15N) and carbon (δ13C) from different tissues is used to
reconstruct the food ecology of Loligo vulgaris. This method is straightforward and less biased than the
analysis of stomach contents. Loligo vulgaris samples were collected from three different bottom trawl
fisheries during winter 2007-2008. The specimens were caught in the English Channel, the Southern
Bay of Biscay and Portuguese Waters. Basic biometric parameters were analysed in order to define sub-
samples for isotopic analysis allowing testing the hypothesis of ontogenic changes in food regime, in
addition to spatial and sex-related differences. In each specimen a series of tissues were analysed be-
cause they integrate food consumption over different time scales: soft tissues (muscle, digestive gland
and gonad) and chitinous hard structures (beaks and gladius). The soft tissues are renewable, so their
isotopic signature describes the present (or recent) diet. Chitinous hard structures (which showed little
isotopic enrichment over the diets at the time of their formation) represent storage of organic matter
with the ancient parts representing the neonatal diet and the recent parts representing the adult diet.
Gladius were cut across at different places to reveal growth-related changes in isotopic signature. Re-
sults are discussed in the light of previous studies based on stomach contents and on recent information
about isotopic enrichment in cephalopods.

10.45 h. 
84. Moreno A1, Pereira J1, Santos AMP1, Azevedo M1 and Pierce GJ2

1. Instituto de Nacional de Recursos Biológicos, L-IPIMAR, Av. Brasília, 1490-006 Lisboa, Portugal. 2. School of Bi-
ological Sciences (Zoology), College of Life Sciences and Medicine, University of Aberdeen, Tillydrone Avenue,
Aberdeen AB242TZ, UK

Growth variability in squid early life assessed by statolith increment measurements.
The growth during the embryonic phase and the early life stages of the European squid (Loligo vulgaris
Lamarck, 1798) in waters off the NW Portuguese coast is analysed based on statolith increment meas-
urements. Hatching occurs throughout the year and therefore the embryonic phase and subsequent
planktonic paralarvae of seasonal cohorts may be subject to very different environmental conditions.
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The growth rates of squid statoliths were compared between different micro cohorts (hatch date-groups)
to investigate the environmental influence on early growth. Sea surface temperature, bottom tempera-
ture and photoperiod are used as proxies of the environmental variability. The mean increment widths
indicate that the statolith growth is generally slow during the first month after hatching, increasing
thereafter. Maximum growth rates occur at 2 to 3 months of age, occurring earlier in life (9 weeks of
age) in squid hatched during the warm season and later in life (13 weeks of age) in squid hatched during
the cold season. 

11.00 -11.25 h.  Coffee break

Chairman: Yasunori Sakurai

11.30 h. 
85. Payne NL.1, Gillanders BM 1 and Semmens J2

1. Southern Seas Ecology Laboratories, School of Earth and Environmental Sciences, University of Adelaide, South
Australia 5005, Australia. nicholas.payne@adelaide.edu.au. 2. Tasmanian Aquaculture and Fisheries Institute, Uni-
versity of Tasmania, Tasmania 7001, Australia. 

The giant Australian cuttlefish: Spatial and temporal associations with a sub-tidal
rocky reef. Giant Australian cuttlefish (Sepia apama) form a unique spawning aggregation on a highly
localised area of sub-tidal rocky reef in northern Spencer Gulf, South Australia, from May to August of
each year.  Representing an exceptional mating system, this aggregation receives extensive interest from
the eco-tourism and scientific sectors alike. However, development of an effective management strategy
for the spawning aggregation is hindered by a lack of information on individual residence times, habitat
affinity and movement patterns.  We tagged 24 mature individuals with ultrasonic acoustic tags, and mon-
itored their movements throughout the spawning season with a combination of tracking techniques.  We
found that S. apama displayed a high level of site attachment, and lower-than-expected residence times
(19.0 ± 4.8 days), indicating that the effective population size may previously have been significantly un-
derestimated.   Furthermore, males were present at the aggregation site for significantly longer periods
than females (24.7 ± 6.5 vs 6.7 ± 1.5 days respectively); a ratio, which corresponds to overall operational sex
ratios (OSRs) found throughout the spawning period (4:1).  Such a pattern suggests that the skewed OSRs
during the aggregation may result from varying residence times rather than sexual demographics. This
study highlights the importance of incorporating temporal components into estimations of population size
and structure, which is especially pertinent for transient metapopulations such as spawning aggregations.

11.45 h. 
86. Perales-Raya C, García-Santamaría MT, Bartolomé A, Pascual P and Almansa E

1. Instituto Español de Oceanografía, Centro Oceanográfico de Canarias. Avda. Tres de Mayo 73, 38005 Santa Cruz
de Tenerife, Spain

Age reading comparison between sagittal sections and lateral walls of the octopus
beaks (Octopus vulgaris Cuvier, 1797.) The two methodologies and reading areas currently
available for age estimation within the octopus beaks have been applied to the same individual for a
sample of octopuses from central-eastern Atlantic waters. The rostrum sagittal sections (RSS) method-
ology was developed by Raya and Hernández-González (1998) and the lateral walls surface (LWS)
methodology by Hernández-López et al. (2001). Epi-fluorescence light and Image Analysis System has
been used in order to improve the observation and analysis of the sequences of increments in both
methodologies. The aging precision from both readings in the upper and lower beaks are estimated to
establish the more precise reading area. Results in terms of age estimations, increment widths, time
consuming and possible age underestimation in the rostrum region due to feeding process, are dis-
cussed for RSS and LWS. These results will allow comparing both methodologies and whether both
readings are suitable for the octopus age estimation and for the periodicity validation experiments (at
present in process by the authors). 
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12.00 h. 
87. Pierce GJ1, Hernandez G1, Santos MB1, Edridge A2, Dendrinos P2, Psaradelli M2,

Tounta E2 and Androukaki E2

1. School of Biological Sciences, University of Aberdeen, Aberdeen, UK. 2. MOm/ Hellenic Society for the Study
and Protection of the Monk Seal 18 Solomou Str. GR-10682 Athens, Greece.

Octopus in the diet of Mediterranean monk seals (Monachus monachus). The Mediter-
ranean monk seal is a critically endangered species which faces a range of threats including fishery in-
teractions.  The diet of this species was investigated as part the project “Monk Seal and Fisheries:
Mitigating the conflict in the Greek Seas“, supported by the LIFE-programme of the European Com-
mission. Stomach contents were obtained from 27 carcases collected between 1990 and 2008 from dif-
ferent areas of Greece. Seals of both sexes and a range of ages were analysed. A total number of 483
prey items from at least 75 prey species were identified, with approximately 13% of prey being uniden-
tified fish or cephalopods). We found 266 cephalopod items (55%), 205 fish items (42%), 8 non-cephalo-
pod mollusc items (2%) and 2 crustacean items. Faecal samples were also collected but contained no
identifiable prey remains. Although monk seals feed on a wide range of prey, octopus - especially Oc-
topus vulgaris whichmakes up 43% of prey numbers but also Eledone cirrhosa (14%) - are the most nu-
merous prey and probably form the largest part of prey biomass. 

12.15 h. 
88. Rodriguez-García OU1, Salinas-Zavala CA1 and Rodríguez-Jaramillo MC1

1. Centro de Investigaciones Biológicas del Noroeste S.C. (CIBNOR). Mar Bermejo 195, 23090 La Paz, Baja California
Sur, México.

Reproductive Biology of Octopus bimaculatus in Bahía Sebastián Vizcaíno, Baja Ca-
lifornia Sur, México. Octopus bimaculatus (Verril, 1883) is one of the principals octopuses catch along
Pacific coast of the Baja California peninsula. Bahía Sebastián Vizcaíno is an important site for Mexican
fisheries resulting from its relatively high abundance and value of the spiny lobster (Panulirus interruptus)
and abalones (Haliotis spp); those are important items of O. bimaculatus diet. The fishermen of the region
add to O. bimaculatus negative effects because they reduce the production of spiny lobster. For those rea-
sons is important to enhance the knowledge of the biology of this octopus. We describe the reproductive
biology (gonad development, sex ratio, condition factor, first mature size and spawning period) of O. bi-
maculatus from November 2007 to September 2008 and February 2009.  The Mantle Length (LM) was from
80 to 190 mm for females and from 70 to 180 mm for males. The annual sex ratio was 1:1.20 (F: M), the
monthly ratio was 1:1, however May, July and September were more males than females. We found that
the females were mature since January to May and there were immature in the months of September and
October. Apparently this population has one reproductive period that begins in January with the mature
of the females and ends in May, follow by one brood egg batches period that maybe ends in August. The
growth we found is negative allometric (b=1.872), this means that the growth ratio changes along the life
cycle. We found differences between months and sexes in ML, TW and gonado-somatic index (GSI).

12.30 h. 
89. Roura A, González AF and Guerra A

Instituto de Investigaciones Marinas (CSIC), Vigo, Spain.

Molecular identification of prey in Octopus vulgaris paralarvae. Paralarvae were collected
from a wild female that was spawning at Ria de Vigo in summer 2008. One thousand recently hatched par-
alarvae were transferred into a 30 L tank provided with filtered seawater (1m). Tank was rectangular
with black walls and white bottom. Mean water temperature was 19.3ºC (17.9-20.2), salinity 35‰ (34.4-
35.6) and a 24 h light cycle. Live diet consisted of adult Artemia salina (2-9 mm total length) at a concentration
of 0.05-0.1 ind. ml-1. During the experiment, nine paralarvae that fed on Artemia were fixed immediately in
ethanol 70% and stored at -20ºC. Genomic DNA was extracted from a single paralarvae using the Qiagen
tissue extraction kit (QIAGEN) following instructions from the supplier with minor modifications. A 658
pb fragment of the mitochondrial cytochrome oxidase I (COI) gene was amplified using the universal
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primers LCO1490 and HCO2198 (Folmer et al. 1994). COI amplifications were set up in a 25 μl volume com-
posed of 100 ng of genomic DNA from each Octopus, Artemia and the octopus that fed on Artemia, 2.5 μl
10X PCR reaction buffer, 0.5 μl dNTPs,  0.75 μl each primer and 0.025 U μl-1 Taq polymerase (Roche). Ther-
mal cycling used a TGradient (Biometra). It began with an initial denaturation at 94º for 2 min, followed by
40 cycles of 15 sec at 94º, 30 sec at 48º and 45 sec at 70º and a final cycle of 7 min at 70 º.Due to the low
amounts of Artemia inside Octopus paralarvae, specific primers were designed (using PRIMER3, Rozen and
Skaletsky, 2000) for nested PCR in COI. A 250 pb fragments inside the COI gene was amplified using the
specific primers ArteF: 5’-CTCCTCCTGGCCAGCTCTATG-3’ and ArteR: 5’-GGACGGCTGTAATTCC-
GACTG-3’. Amplifications were set up following the same procedure, but more specific primers were
added: 0.8 μl and templates ranged from 1-3 μl COI product. The PCR thermal regime consisted of an initial
denaturation at 94º for 3 min, followed by 40 cycles of 94º for 15 sec, 56º for 35 sec, 70º for 45 sec and a final
step at 70º for 5 min. All PCR products were separated in 1.75% agarosa gel and visualized with ethidium
bromide under UV light. The Artemia band of 250 Pb was detected into the nested PCR of the paralarvae
that fed on Artemia, but no Artemia signal was detected into the nuclear extract of the paralarvae. Negative
control made with Octopus paralarvae has no signal while the positive control (Artemia extract) presented
the 250 pb band. PCR products were extracted from the gel, purified with QIAEX II Gel Extraction Kit and
sequenced to check that the Artemia’s band was in fact from Artemia salina and no from contamination.

12.45h. 
90. Sakai M1, Tsuchiya K2 and Mariategui L3

1. National Research Institute of Far Seas Fisheries, 2-12-4 Fukuura, Yokohama, Japan 236-8648. 2. Tokyo University
of Marine Science and Technology, 4-5-7, Konan, Minato-ku, Tokyo, 108-8477 Japan. 3. Instituto del Mar del Perú
(IMARPE), Esq. Gamarra y Gral Valle s/n, Apartado 22, Callao, Perú.

Descents to 1,200m depth by jumbo flying squid (Dosidicus gigas) off Peru recorded
using acoustic and pop-up tags. The vertical migratory behavior of jumbo flying squid (Dosidicus
gigas) was recorded off Peru in 2007 using acoustic tags and pop-up archival transmitting (PAT) tags. Seven
squid (dorsal mantle length (DML) range: 29.0-110.5 cm) were tagged with acoustic (VEMCO Pinger) tags
and tracked by the R/V Kaiyo-maru. Two of the squid (DML: 100.6 cm, 110.5 cm) were also tagged with In
addition to the acoustic tag; a PAT tag (Wildlife Computers) was put for two squids of them, 100.6 cm in
ML and 110.5cm in DML. PAT (Wildlife Computers) tags. Several of the squid dove to 1,200 m depth. The
PAT tags were not recovered, but the acoustic and PAT data were found to be closely correlated.

13.00 h
91. Sato N1, Kasugai T2 and Munehara H3

1. Division of Biosphere Science, Graduate School of Environmental Science, Hokkaido University, Kita-ku, Sap-
poro, Hokkaido 060-0810, Japan. e-mail: norico@fish.hokudai.ac.jp. 2. Port of Nagoya Public Aquarium, Nagoya,
455-0033, Japan. e-mail: t-kasugai@nagoyaminato.or.jp. 3. Usujiri Fisheries Station, Field Science Center for North-
ern Biosphere, Hokkaido University, 152 Usujiri, Hakodate, Hokkaido 041-1613, Japan.

Biting behaviour of sperm mass by female Japanese pygmy squids, Idiosepius para-
doxus. Females of the Japanese pygmy squid (Idiosepius paradoxus) bite sperm mass attached to their
body by copulation. Although this behaviour is considered that female should transport sperm to the
seminal receptacle, no studies have confirmed this assumption. We mated a virgin female to a male, ob-
served copulation behaviours and biting behaviours of sperm mass by the female after copulation and
made sections of seminal receptacle after copulation. Females were preserved in three conditions to ex-
amine female transport sperm by biting behaviour; 1) immediately after copulation; 2) after biting sperm
mass (about 10 minutes after copulation)  3) females not bitten preserved 10 minutes after copulation.
Contrary to expectations, females removed sperm mass and blew it by the water jetting through its fun-
nel. About 50 % of females (21 of 38) bit sperm mass at once after copulation, but 17 females did not do
so over 30 minutes. Histological analyses revealed that females fixed soon after copulation had no sperm
in their seminal receptacle, but females preserved 10 minutes after copulation having sperm regardless
of the biting behaviour. These results suggested that the biting behaviour was not sperm transporting
behaviour but sperm removing behaviour and cryptic female choice may occur using this behaviour.
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13.15 h.
92. Staudinger MD1 and Junes F1

1. Department of Natural Resources Conservation, University of Massachusetts Amherst, 160 Holdsworth Way,
Amherst, MA 01003-9285, USA

Size-dependent vulnerability of longfin squid (Loligo pealeii) to predation: a com-
parison of selective behaviors between a demersal and pelagic predator. Longfin squid
(Loligo pealeii) provide forage to a wide range of predators in the Northwest Atlantic Ocean.  Despite
their importance as a prey resource, a basic understanding of the mechanisms controlling predation
risk is lacking.  Through a series of feeding experiments, size-selection, attack rates, capture success,
survivorship, and prey profitability were quantified using longfin squid as prey.  Bluefish (Pomatomus
saltatrix), a pelagic predator, and summer flounder (Paralichthys dentatus), a benthic predator, were cho-
sen to represent contrasting predation tactics.  A total of 80 trials were conducted over a two year period
during which predators were offered squid of sizes ranging from 10-70% relative to predator size.  Blue-
fish attack rates were found to decrease with increasing relative squid size but showed no significant
change in summer flounder, indicating size-selection was active in bluefish and passive in summer
flounder.  Capture success did not vary significantly as a function of relative squid size for either pred-
ator and was not considered a limiting factor on size-selection, although capture success rates were
higher in bluefish than summer flounder.  Selection was most constrained by handling time, which in-
creased significantly with increasing squid size in both predators.  Further, survival analysis indicated
there was a decreased risk of predation with increasing relative squid size.  The relationship between
prey profitability and relative prey size was dome-shaped which is consistent with previous studies;
however, the estimated profitability of squid was several orders of magnitude higher than has been
found for prey fish indicating squid may offer their predators a higher energetic reward in comparison
to prey fish.   

13.30- 15.00 h. Lunch time

Chairwoman: Pilar Sanchez 

15.00 h. 
93. Storero LP1, 2, Ocampo-Reinaldo M1, 2, González R2 and Narvarte M1, 2

1Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET). 2 Instituto de Biología Marina y Pesquera
Almirante Storni - Güemes 1030, San Antonio Oeste (8520), Argentina. TE/Fax: +54 2934 421002/430764 . E-mail:
lorestorero@gmail.com

Growth and life span of the small octopus Octopus tehuelchus in San Matías Gulf
(Patagonia): three decades of study. Phenotypic plasticity is one of the remarkable characteristics
of cephalopods. This study compares growth and life span of Octopus tehuelchus in different coastal en-
vironments of San Matías Gulf (Patagonia) at three different periods. Monthly samples of O. tehuelchus
were collected at three different sites between October 2005 and October 2007. Also, available data from
1981-1987 and from 1995-1996 were used. For each specimen dorsal mantle length, body weight and
gonad weight were measured. The evolution of maturity jointly with modal progression analysis and
the identification of hatchlings were used to differentiate cohorts and assign ages. Growth was described
using the oscillatory von Bertalanffy growth model. Maturity evolution was different in each site. Within
San Antonio Bay, O. tehuelchus seems to have the most favourable conditions for an extended spawning
season and the development of two sub-annual cohorts. O. tehuelchus growth is strongly seasonal with
slow growth rates during winter. Growth differences were important between sites and particularly
between sub-annual cohorts in San Antonio Bay. The growth pattern seems to be similar along the last
twenty-six years. The results of our study make evident the variability and plasticity of O. tehuelchus in
response to the environment. Results are compared with previous studies and the potential relationship
between the observed variability and the factors that could explain it are also discussed.
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15.15 h. 
94. Takahara H and Sakurai Y

Laboratory of Marine Ecology, Graduate School of Fisheries Sciences, Hokkaido University, 3-1-1, Minato-cho,
Hakodate, 041-8611, Japan

Infection by larval anisakid nematodes in the common squid Todarodes pacificus.
Nematodes of the family Anisakidae are common parasites in marine fishes and squids. However, their
host’s life history and ecology have not been the focus of attention. One host is the common squid (To-
darodes pacificus), a commercially important species comprising two main cohorts (fall and winter) that
have different migration routes and feeding areas. Hence, differences in the feeding habits and distri-
bution area may lead to differences in the parasitic infection, such as number of parasitism and para-
sitism rate. In this study, T.pacificus, collected in different areas around Japan, were used to investigate
the temporal and geographical changes of the parasitic infection. The relation between migration route
and parasitism of squid larval was also examined. Squids were found to contain two anisakid species:
Anisakis simplex, which occurred on the outside wall of the stomach and ventricular appendix, and Lap-
petascaris sp., which occurred in the mantle musculature. A.simplex was found in the winter cohort, but
not in the fall cohort. This difference is presumably due to their different feeding area. Winter cohort
forages in waters off northern Hokkaido. It is known that the walleye pollock, which forage in the same
area, suffers much parasitism by A.simplex. For this reason, winter cohort foraging in waters off northern
Hokkaido, it was hypothesized that the T.pacificus accumulated A.simplex in the body while foraging.
Lappetascaris sp. was found in both cohorts. For this reason, and since T.pacificus forages around
Hokkaido where Lappetascaris sp. is abundant, it was thought that it accumulated Lappetascaris sp. in
the body, and carried it to the spawning area.

15. 30h.
95. Vecchione M1, Young RE2 and Piatkowski U3

1. National Marine Fisheries Service, Systematics Laboratory, National Museum of Natural History, Washington,
D.C. 20013-7012, USA, vecchiom@si.edu, tel. (202) 633-1751, fax (202)633-8848. 2. Department of Oceanography,
University of Hawaii, Honolulu, Hawaii 96822, USA, ryoung@hawaii.edu 3. Leibniz-Institut für Meereswissen-
schaften (IFM-GEOMAR), Düsternbrooker Weg 20, 24105, Kiel, Germany, upiatkowski@ifm-geomar.de 

Direct observations on vertical distribution of Gonatus steenstrupi on the Mid-At-
lantic Ridge. Midwater and benthic environments on the Mid-Atlantic Ridge were investigated by
a series of ROV dives during an expedition by R/V G.O. Sars during summer, 2004. Video from all ROV
dives was monitored for cephalopods throughout the entire dive, both pelagic and benthic phases. Most
squids were observed in the vicinity of the Charlie-Gibbs Fracture Zone. The observed squids were ob-
viously not mastigoteuthids or cranchiids, which have unique posture and behavior that is recognizable
even at a distance (Roper and Vecchione, 1997; Vecchione et al., 2002; Young et al., 1998).  All ROV
squid observations were morphologically consistent with the squids most common in trawl samples
during this cruise, Gonatus steenstrupi.  The squids collected by the ROV were both G. steenstrupi. We
therefore assume that most or all of the squid observations are that species. Direct observation by sub-
mersible allows the time-at-depth for these squids to be known much more precisely than in discrete-
depth trawl sampling. Almost all observations occurred during the descent phase of the dives.  Some
interesting patterns are apparent in the presence data.  The published depth range for Gonatus spp. in
the North Atlantic is from the surface to 1200 m.  During these dives, squids were commonly observed
at depths down to 1500 m, and occasionally to 2500 m (confident observations).  No squids were ob-
served in the upper 1000 m during mid-day, although this interpretation should not be considered to
be very rigorous because areas without observations cannot be assumed to indicate absence. After dark,
squids were commonly seen throughout the upper 500 m.  
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15.45 h.
96. Viana M1,, Pierce GJ1,2, Illian J1, MacLeod CD1, Bailey N3, Wang J1 and Hastie LC1

1. School of Biological Sciences, University of Aberdeen, Zoology Building, Tillydrone Avenue, Aberdeen, AB24 2TZ,
UK vianam@tcd.ie 2. Instituto Español de Oceanografia, Centro Oceanografico de Vigo, PO Box 1552, 36200 Vigo,
Spain. 3. Fisheries Research Services Marine Laboratory, PO Box 101, Victoria Road, Aberdeen, AB11 9DB, UK.

Evidence on Loligo movements in Scottish waters. In order to protect and sustainably man-
age fishery resource species, it is essential to understand their movements and habitat use. To detect
the hypothesised migration of maturing veined squid Loligo forbesi from the West Coast of Scotland
(UK) to the North Sea and identify possible inshore-offshore movements, we analysed seasonal, spatial
and environmental patterns in abundance and size distribution, based on commercial fishery landings
data and trawl survey data from Scottish coastal waters (ICES areas IVa, IVb and VIa). A Geographic
Information System (GIS) was used to build monthly contour maps of abundance. Generalised additive
mixed models (GAMM) were used to quantify patterns in size distribution and abundance. In most
years, there was no evidence of movement from the West to the East Coast of Scotland but there was
evidence of inshore-offshore movements during the life-cycle of the cohort that recruits in autumn (win-
ter breeders). The winter breeding cohort appears to spawn in inshore waters and some evidence sug-
gests that the spawning grounds of the summer breeders are also inshore. Across seasons, higher
abundance of L. forbesi can generally be found in the north of Scotland at intermediate water depths
and in warmer waters.

16.00 h.
97. Vidal EAV1 and Bainy MCRS2

1. Centro de Estudos do Mar. Universidade Federal do Paraná. Cx. Postal 50.002. Pontal do Paraná – PR. Brazil.
83.255.000.2. Pós-Graduação em Oceanografia Biológica. Fundação Universidade Federal do Rio Grande.
Rio Grande – RS. Brazil. 96.201.900.

Morphological development of the beak in paralarvae of Illex argentinus: What can
be revealed about the specialized feeding mode of rhynchoteuthions? The fused ten-
tacles of ommastrephidae paralarvae and its associated mode of feeding are until now not entirely un-
derstood. The morphology of the beaks can provide an important piece of information for the
understanding of the specialized feeding mode of rhychoteuthions. Thus, the aim of this study was to
analyze the morphology and morphometry of 76 beaks of Illex argentinus paralarvae from Southern
Brazil with 0.7 to 21 mm mantle length (ML). The following dimensions were measured: rostrum (RL),
hood length (HL), lateral wall width (LWW) and height (LWH) and wing width (WW). At hatching,
the lower beak is relatively similar to those of juveniles, however the upper beak is rudimentary and
lack rostrum and hood; besides, the lateral walls are separated by a conspicuous groove. This groove
progressively disappears given place to the formation of the primordial hood and rostrum in paralarvae
of 3-4 mm ML. All beak structures measured showed strong positive allometry in relation to ML. There
is a synchronism between the development of the structures in the upper beak and the division of the
proboscis. The implications of these findings are presented and discussed.

16. 15 h.
98. Yoshida MA, Tsuneki K and Furuya H

Department of Biology, Graduate School of Science, Osaka University

Vascular anatomy and development of a pygmy squid, Idiosepius paradoxus. Japanese
pygmy squid, Idiosepius paradoxus Ortman, 1888 is one of the smallest cephalopods in the world. Their fully
described developmental stages and availability of eggs also make them suitable material for cephalopod de-
velopmental studies. However, their phylogenetic position in decapodiformes is not clear. We investigated the
vascular anatomy by use of serial sections of the adult. Their venous system is different from that of teuthoids
with respect to presence of vena cava sinistra. The Idiosepius heart is similar to that of sepiids, but not to sepiolids.
Subsequently, we found a VEGFR orthologue, which is a major inducer of vascular formation in vertebrates,
from the pygmy squid. We demonstrated by in situ hybridization that the squid VEGFR is expressed in cardiac
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field in addition to endothelial cells in the embryos. In situ hybridization with VEGFR provides a useful method
for investigating the vascular development. The cells expressing the VEGFR were elongated with filopodia
and penetrated into arms, brain, and mantle at the late organogenetic stage. The result suggests conserved evo-
lutionary pathway and similar angiogenic process between vertebrates and cephalopods.

16.30 
99. Rodhouse PG1 and Boyle PR2

1 British Antarctic Survey, High Cross, Madingley Road, Cambridge CB3 0ET, UK.  p.rodhouse@bas.ac.uk 
2 Department of Zoology, University of Aberdeen, Tillydrone Avenue, Aberdeen AB9 2TN.

Large aggregations of pelagic squid near the ocean surface at the Antarctic Polar Front.
Sampling the adult phase of large, fast moving pelagic squid in meaningful numbers and making related
observations about their ecology in remote regions of the world’s oceans has proved notoriously difficult.
In this paper we report the results of a sampling programme in the Antarctic Polar Frontal Zone in the South
Atlantic, north of South Georgia that successfully employed satellite tracked squid predators (grey-headed
albatrosses) together with a fish finding acoustics to locate concentrations of squid.  Sampling was carried
out with a modified commercial pelagic trawl with a head rope length of c. 90 m and the positions of hauls
were related to sea surface temperature using satellite imagery.  Five net hauls were dominated by the om-
mastrephid squid Martialia hyadesi and also caught Slosarczykovia circumantarctica, Galiteuthis glacialis, Kon-
dakovia longimana, Moroteuthis knipovitchi and Gonatus antarcticus.  Largest concentrations of squid were caught
when the net was towed with the head rope at the sea surface during darkness. None of the squid were sex-
ually mature and they were in the same size range as those found in the predators’ stomach contents when
returning to Bird Island to feed their chicks.  It therefore seems unlikely that the predators were feeding on
moribund, post-spawning squid.  Also none of the squid species possess photophores so they could not
have been located at the surface visually at night by this means.  Given that these squid would only occur
in near surface waters at night, we conclude that the grey-headed albatrosses, which have limited diving
ability, were feeding on the squid by plunging to shallow depths having located them by smell.

16.45 
100. Vidal EAV1, Zeidberg2 LD and Buskey3 EJ

1 Centro de Estudos do Mar. Universidade Federal do Paraná. CP 50.002. Pontal do Paraná, PR 83255-000. Brazil. 2
Department of Ecology and Evolutionary Biology, University of California Los Angeles, Box 951606, 621 Charles
E. Young Dr. South, Los Angeles, CA 90095-1606. USA. 3 Marine Science Institute. The University of Texas at Austin.
750 Channel View Drive. Port Aransas. TX 78373. USA.

Swimming behavior in fed and starved squid paralarvae. The aim of this study was to deter-
mine the swimming pattern of reared Doryteuthis (formerly Loligo) opalescens paralarvae and to verify if star-
vation affects the swimming patterns. Paralarvae (2.5-11 mm ML) were filmed and the videotapes analyzed
through motion analysis. Paths of movement were calculated using Expertvision Cell-Track software. Newly-
hatched paralarvae jet and sink constantly, resulting in changes in swimming speed in intervals of less than
half second and speeds between 3-8 mm s-1. In 15 d old paralarvae the swimming path showed longer and
more homogeneous intervals between ups and downs, with peaks of speed up to 30 mm s-1. The path of 18
day old paralarvae starved for 72 h showed an erratic pattern with speeds ranging from nearly zero to 7 mm
s-1. As paralarvae grow and reach 35-40 days of age and 6.1 mm ML they were able to form schools, their
paths were much smoother, indicating enhanced ability of jetting and maneuvering. The formation of schools
is a size dependent event and the fins play a special role in the stabilization of the body of schooling squid.

17.00
101. Soule. MA1 and Lipinski. MR2

1. Fisheries Resources Survey, P.O. Box 31306 Tokai, 7966 Cape Town, South Africa, e-mail: msoule@new.co.za;
2. Marine and coastal management, DEAT, Private Bag X2, Roggebaai, 8012 Cape Town, South Africa, e-mail:
lipinski@deat.gov.za

Estimation of the target strength of the squid Loligo reynaudi at 38 kHz from in
situ measurements on spawning aggregations off the south coast of South Africa.
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Estimates of the target strength of the loliginid squid Loligo reynaudi at 38 kHz have been made from
in situ measurements on spawning aggregations in shallow water off the south coast of South Africa.
A variety of techniques have been used to extract squid target strength distributions from the overall
distribution oftarget strengths from scatterers identified as single using conventional split-beam sin-
gle-target recognition techniques. The techniques and results obtained are described, and are applied
to acoustic surveys of a number of spawning aggregations from a small boat fitted with an outboard
38 kHz transducer, giving absolute estimates of squid biomass in the aggregations. The utility of such
estimates for estimation of overall stock size is briefly discussed. Trials with a novel technique for es-
timating squid target strength by combining estimates of mean number density in an aggregation
from a high-resolution multibeam counting system with simultaneous estimation of the mean
backscattering strength of the aggregation are briefly described.

17.15-17.45 Coffee break

18.00 h. Closure conference: Paul G. Rodhouse

British Antarctic Survey, High cross, Madingley Road, Cambridge CB3 0ET, UK

Response of cephalopod populations to large-scale environmental variability.
Cephalopod plagues, invasions and range expansions have been documented scientifically for nearly
two centuries but the best data sets come from recent fisheries for squid. Over the last four decades,
several ommastrephid squid stocks have expanded and contracted, driving highly variable fisheries
which in some cases have almost completely collapsed.  These fisheries include Illex illecebrosus in the
northwest Atlantic, I. argentinus in the southwest Atlantic, Todarodes pacificus in the northwest pacific,
T. sagittatus in the Norwegian fjords and D. gigas in the Peru and Californian Current systems. Expla-
nations for this behaviour of squid populations include: 1) direct effects of environmental variability; 2)
indirect effects manifested as changes in prey availability, and 3) the effects of overfishing, on groundfish
which reduces predation pressure and creates vacant niches into which the short-lived, ecologically op-
portunistic squid can expand.  Apart from D. gigas, which is associated with the coastal upwelling sys-
tems of the Pacific Ocean’s eastern boundary currents, the ommastrephid fisheries are pursued in the
high energy, western boundary current systems.  The kinds of environmental variability driving changes
in population size are probably different between these environments.  Furthermore, although envi-
ronmental variability appears to be implicated in driving population variability in cephalopod popula-
tions, in most analyses the physical factors that have been tested explain less than 50% of the variability
in squid landings.  Future research should embrace the concept that biological processes, such as range
extensions and population explosions, are emergent properties of highly complex systems. The devel-
oping field of complexity theory may have much to offer fishery ecologists in the future. Understanding
the processes driving variability and regime shifts in ocean ecosystems requires insight into the inter-
actions between the effects of change/variability in the ocean climate system and the effects of fisheries.

Announcement for the best scientific paper in the last three years
and best poster in CIAC’09

Official Symposium Dinner.                                                                                                                             
Parador de Bayona. 
Buses departure from CAIXANOVA Center , 21.00 hours
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P1. Allcock AL1, Cooke IR2 and Strugnell JM2

1. Martin Ryan Marine Science Institute, National University of Ireland Galway, University Road, Galway, Ireland.
2. Department of Zoology, University of Cambridge, Downing Street, Cambridge CB2 3EJ

Old data, new analyses. What can the mitochondrial genome reveal about the phy-
logeny of Cephalopoda? Using the software BADGER (Bayesian Analysis to Describe Genomic
Evolution by Rearrangement) (Larget et al., 2005) and the gene adjacency matrix method of Boore et al.
(1995), we investigated gene order in those species of Cephalopoda for which the whole mitochondrial
genome has been sequenced. We establish support for the Octopodiformes (=Vampyromorphida + Oc-
topoda) and the Decapodiformes. We provide a variation of the analysis of Yokobori et al., (2007) build-
ing a phylogeny from amino-acid coded sequence data using a concatenation of all mitochondrial
protein-coding genes. Our resultant topology provides slightly higher support for several nodes, but we
also incorporate short sequences of key taxa such as Spirula to provide additional information on deeper-
level phylogeny.

P2. Avila-Poveda OH1, Calva R1 and Rosas C2

1. Posgrado en Ciencias del Mar y Limnología “ICMyL”, Universidad Nacional Autónoma de México “UNAM”.
Puerto de abrigo S/N. Sisal, Yucatán, Mexico. oavila@colombia.com. 2. Unidad Multidisciplinaria de Docencia e
Investigación “UMDI”, Facultad de Ciencias, Universidad Nacional Autónoma de México “UNAM”. Puerto de
abrigo S/N. Sisal, Yucatán, Mexico.

Gonad development of female Octopus maya from Sisal, Yucatan, Mexico (Mollusca:
Cephalopoda). Octopus maya is an endemic species from the Yucatan Peninsula (Voss and Solis-
Ramirez, 1966) being one of the most important commercially-exploited species in Mexican fisheries.
The present study reports the gonad development stages of the O. maya, from the Sisal, Yucatan, Mexico
during 1 year from August-07 to 08. A total of 360 octopus of total weight ranging from 115 to 900 g
were analyzed. Four gonad development stages were matched in accordance with our macroscopic and
microscopic observations and the microscopic scales as: Stage I immature: ovary with small oocytes and
germinal epithelium; Stage II gametogenesis: ovary showing oocytes surrounded by a double layer of
follicle cells starting to embedding the oocytes and excentric nucleous; Stage III pre vitelogenesis: ovary
with oocytes increasing in diameter and starting yolk accumulation; Stage IV, vitelogenesis ends when
eggs are filled of yolk and reached its maximum size into the ovary. Mature females were found during
the whole sample period with frequency around 10%, except September around 1%; with a maximum
spawning occurring in December (31%) and a minimum in October (4%). Notice that, during September
only immature (94%) and maturing (5%) stages was more observed, suggesting the beginning of a re-
productive season with the gametes maturing. By other hands, preliminary results indicate that the sex
hormonal (progesterone and testosterone) fluctuating consistently with the gonad development stages.
We observed direct relation of progesterone with maturing and mature stages; meanwhile, testosterone
showing an inversely relation. Highest levels of progesterone were observed during mature stage

P3. Barratt IM1 and Allcock AL2

1. School of Biological Sciences, Queen’s University Belfast, 97 Lisburn Road, Belfast BT9 7BL

2. Martin Ryan Marine Science Institute, National University of Ireland Galway, University Road, Galway, Ireland

Ageing octopodids from stylets: development of a technique for permanent prepa-
rations. Previous attempts at ageing octopodids from stylets have relied on temporary preparations,
meaning that growth increments have to be counted rapidly and cannot be recounted subsequently. We
developed a technique that involves embedding octopus stylets in resin and subsequently grinding them
(as for squid statoliths) to reveal their ultrastructure. We tested our technique on statoliths of Octopus
vulgaris and Eledone cirrhosa. The ultrastructure of each comprised three regions presumed to relate to
the pre-hatch nucleus, planktonic and benthic stages. Growth increments were composed of light and
dark bands and were clearly defined even at 625 x magnification. The number of increments ranged
from 189 to 399. We then examined the stylets of deep-sea and Antarctic species. Each appeared to have
growth increments, despite the perception that the environments inhabited by these species may not
provide daily cues.
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P4. Bouali A1, Moreno A 2and Robin JP1

1. Université de Caen Basse-Normandie, UMR-IFREMER-100-Physiologie et Ecophysiologe des Mollusques Marins,
Esplanade de la Paix, 14032 Caen cedex, France 2. IPIMAR Av. Brasilia s/n 1400 Lisboa, Portugal

Gear trials in search of cephalopod paralarvae in the Bay of Seine: vertical distribu-
tion of planktonic stages. The observation of pre-recruit stages of European Cephalopods is often
hampered by the difficulty to catch numbers of paralarvae in the wild. In order to test the hypothesis of
a specific swimming behaviour in the paralarvae, that could explain the low efficiency of common zoo-
plankton nets gear trials were carried out in the Bay of Seine in June and September 2008. In the same
stations, oblique tows made with a zooplankton net were compared to a series of nets fixed to an epiben-
thic sledge. Striking differences were observed in this set of 15 tows. Only one Loliginid paralarvae was
caught with the zooplankton net when the epibenthic sledge collected 139 Loliginid paralavae, 48 Sepi-
olidae and 2 Sepia officinalis hatchlings. Size distribution of sampled specimen and chromatophore pat-
terns suggest that the three Loliginid species occur in the Bay of Seine (Loligo vulgaris, L. forbesi and
Alloteuthis subulata). Specimens caught can be compared with observations of early stages from Por-
tuguese waters. However, this situation with mixed hatchlings makes desirable the development of ge-
netic bar-coding of squid paralarvae. 

P5. Cabanellas-Reboredo M1, Alós J1, Valls M2, Palmer M1 and Morales-Nin B1

1. Instituto Mediterráneo de Estudios Avanzados, IMEDEA (CSIC-UIB), C/ Miquel Marques 21, 07190 Esporles,
Islas Baleares, Spain. miguel.cabanellas@uib.es 2. Instituto Oceanográfico de Baleares (IEO), Muelle de Poniente,
s/n Apdo. 291, 07015 Palma de Mallorca, Islas Baleares, Spain.

Fishery assessment of the European squid Loligo vulgaris in NW Mediterranean:
one of the species in CONFLICT project. The research project CONFLICT focuses in disentan-
gling the potential socio-economics, biological and ecological conflicts between the professional and
recreational fishing in the NW Mediterranean. In this sense, the marine coastal resources have been ex-
ploited by artisanal fleet for ages. However, during the last decades, recreational fishing has become
one of the main leisure activities and potential temporal and spatial conflicts between ones have appeared
as consequence. Recent trends in fisheries assessment have demonstrated how these activities affected
the population structures of targeted fish stocks, and indirect ecosystem effects have appeared at indi-
vidual and populations levels. The project CONFLICT works simultaneously with scientists, managers
and fishers with the final goal to establish the sustainable exploitation rates of the targeted species. One
of the most important conflict species is Loligo vulgaris Lamarck, 1798. Therefore we would determine
the population dynamics and exploitation of the species, by: 1) The characterization of the spatial-tem-
poral distribution of the professional and recreational fishing efforts, 2), the determination of the annual
fishing mortality and 3) the study of the biology and the population dynamics of this species. Methods
include visual census to characterise the effort patterns, the evaluation of landing data recorded in Palma
Wharf and experimental angling. As well as reproductive indexes, age and growth using daily growth
increments in the statoliths. Moreover, the movement and behavioural patterns will be investigated com-
bining conventional and acoustic tagging. All of this information will be explicitly included in individ-
ual-based population models, which will allow understanding the population dynamics based in the
individual life-history behaviour, providing a useful tool for assessment and management.

P6. Calva R1, Villanueva R2, Zenteno E3, Pérez A3 and Rosas C4

1. Posgrado en Ciencias Del Mar y Limnología UNAM, Circuito Exterior Cd. Universitaria, México 04510, D.F., Mé-
xico. 2. Institut de Ciències del Mar (CSIC), Passeig Marítim de la Barceloneta 37–49, E-08003 Barcelona, Spain. 3.
Facultad de Medicina, UNAM. Circuito Interior Cd. Universitaria, México 04510, D.F., México 4. Unidad Multidis-
ciplinaria de Docencia e Investigación, Facultad de Ciências, UNAM, Puerto de abrigo s/n Sisal, Yucatán, México

Histological characterization of early juveniles of Octopus maya (Voss and Solis) In
the present study is showed for first time the form in which the ovaries and testis of O. maya are devel-
oped after hatch. After hatch, reproductive tissues were associated with two interdependent types of
cells (A and B). Cells B were observed disperses and surrounded by connective tissue. B cells are spherical
and basophiles with conspicuous dense nucleus and are imbibed into acidophil matrix. Cells B is origi-
nated in connective tissue since migrate to the center to form a germinal tissue that supports the gonad.
Cells A are basophiles and are connected with cells B through the connective tissue. These cells are in a
compact mass with well defined nucleus. In O. maya germinal cells does not show sexual differentiation;
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for that reason that cells were called primary germinal cells that evolve to form protogonies and, de-
pending sex, on spermatogonies or ovogonies. In O. maya that differentiation occurs during the first
week after hatch. Around the 16 days after hatch both sexes are well defined starting the growth of
gonad until reach the size to be functional. Results in the present study demonstrate that during juvenile
growth phase females can produce all reproductive cells types including pre-vitelogenic, and vitelogenic
cells. Significant differences on cell diameter were detected between juveniles and adults reproductive
cells suggesting that during although into the juvenile phase all the vitelogenesis cell cycle is developed;
the total development is limited by space to ovarian growth in mantle. 

P7. Cerezo Valverde J, Aguado Giménez F, Hernández MD and García García B
IMIDA. Estación de Acuicultura Marina. Puerto de San Pedro del Pinatar. Box 65. 30740 San Pedro del Pinatar. Mur-
cia. Spain.

Growth and feed efficiency of common octopus (Octopus vulgaris) fed on formulated
moist diets with different level of lipids and glutamate supplementation. Growth and
feeding efficiency of two artificial moist diets with low lipid (LL: 0.8 %) and high lipid levels (LL: 8.4 %)
and different levels of glutamate supplementation in crystalline form (0, 0.5 and 2 % in artificial feed)
have been compared in common octopus. Six artificial diets were supplied during one month to six ex-
perimental groups of animals (700-890 g body weight; N=4-6 animals per group). All animals showed a
suitable degree of acceptance of six artificial diets with specific feeding rates of 2.48-2.64 %BW/day in
LL groups and 1.86-2.64 %BW/day in HL groups, with significant differences for the lipid level
(ANOVA, P<0.05) but not for glutamate supplementation degree. Specific growth rates were between
0.02-0.43 %BW/day and 0.28-0.45 %BW/day for LL and HL groups, respectively, with no significant
differences for the lipid level. The best growth, feed efficiency and protein productive value were ob-
served in the groups with higher glutamate content (2 % supplementation) for both lipid levels (LL an
HL), although no significant differences were reached (ANOVA, P = 0.08). 

P8. Dunstan A1, Alanis O2 and Marshall J1

1. School of Biomedical Sciences, University of Queensland, Brisbane, Qld 4072, Australia. 2. C.Castro Road, Brgy.
San Pedro, Puerto Princesa City 5300, Palawan, Philippines

Nautilus fishing and the shell trade in the Philippines. A strong and data rich argu-
ment for CITES listing of nautilus. The k-selected life history of nautilus with low fecundity,
late maturity and long life span ensures their vulnerability to overfishing. Demand from the ornamental
shell trade and restricted habitat preferences, generally within regions of impoverished nations, provides
the ideal formula for overfishing and the rapid decline of nautilus species. The data presented summarise
the results of a detailed interview questionnaire of nautilus fishers and traders conducted in the major
nautilus fishing locations of the Philippines. The data highlight a fishery which is both unsustainable
and culturally unimportant. Catch declines were evident and extreme in less than a decade in all major
nautilus fishing areas. Prime examples are the Brookes Point and Quezon, Palawan areas where reported
catches declined from “100-200 individuals per day in the 1990’s to almost none now; it’s not worth fish-
ing for nautilus”. Catch per unit effort has declined from two individuals per trap to less than one indi-
vidual per 10 traps. Shell traders have provided the impetus for nautilus fishing by training locals in
new locations once previous nautilus fishing grounds are depleted. Fishers in depleted areas generally
gave up fishing for nautilus completely. One hundred percent of respondents regarded nautiluses as
having no cultural significance; solely valuable as an income source, providing relatively few productive
years until exhausted. This presentation discusses the relevance of this data to CITES listing for nautilus.
It also presents a valuable method to investigate fisheries in developing nations using local expertise to
undertake a statistically robust questionnaire and provide credible data. 

P9. Espiñeira M1, González-Lavín N1, Herrero B1 and Vieites JM
1Área de Biología Molecular y Biotecnología, ANFACO-CECOPESCA. Ctra. Colegio Universitario 16, 36310 Vigo
(Pontevedra) (montse@anfaco.es)

Genetic identification of the main commercially important cephalopods species from
class Cephalopoda. Cephalopods have high commercial importance. The internationalization of
markets makes feasible the appearance at our market of species captured from different regions of the
world. The transformation processes to which these species might be subjected vary from refrigeration
to freezing, canning, evisceration, filleting, etc. The existence of very similar species obstructs the iden-
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tification based on morphological characteristics which is only possible when the organisms are in inte-
gral state or posses distinguishing characteristics. The transformation processes to which the raw mate-
rials are subjected only aggravate the above problem or even make impossible the designation of the
products having different degrees of transformation to the species level. In the current study a simple
methodology for genetic analysis that makes possible the identification of species of major commercial
interest using the mitochondrial cytochrome b as a molecular marker has been developed. A DNA frag-
ment from the reference organisms belonging to the studied species is amplified by PCR. Further on the
DNA sequences for this region have been obtained and through them a method for the identification of
the species has been designed based on the FINS technique (Forensically Informative Nucleotide Se-
quencing). The developed system for genetic analysis permits the identification of more than 50 species
of cephalopods among which squids, shortfin squids, longfin squids, cuttlefish, stout bobtails and octo-
pus are included. This analytical technique is very useful for normative control of products containing
some cephalopod species and guarantees the authenticity of the imported species, the verification of the
traceability all along the commercial chain as well as the detection of possible errors in the labelling, etc.
The application of the proposed molecular tools for control will bring to an increase in the added value
of the products elaborated from these species and will contribute to the competitiveness of the Fish and
Seafood Transformation Sector.

P10. Fehsenfeld S1, Piatkowski U1, Klimpel S2 and Busch MW2

1. Leibniz-Institut für Meereswissenschaften, IFM-GEOMAR, Düsternbrooker Weg 20, 24105 Kiel, Germany. 2. Hein-
rich-Heine-Universität Düsseldorf, Institut für Zoomorphologie, Zellbiologie und Parasitologie, Universitätsstraße
1, 40225 Düsseldorf, Germany

Cephalopods in the diet of emperor penguin (Aptenodytes forsteri) chicks at Atka
Bay, eastern Weddell Sea, Antarctica. Carcasses of twelve emperor penguin chicks (Aptenodytes
forsteri) were sampled from ice crevices in Atka Bay, eastern Weddell Sea, Antarctica (70°39’S, 8°15’W) in
December 2006. They belonged to the emperor penguin rookery at Atka Bay which is close to the German
Neumayer Station II and which is populated by approximately 8,000 breeding pairs. Classical dissection
revealed that eight chick stomachs contained cephalopod remains while the remaining four stomachs
were empty. In total, 829 lower cephalopod beaks were identified from the stomachs that belonged to
four cephalopod species. The lower rostral length of the beaks was measured to estimate dorsal mantle
length and prey body masses of the digested cephalopods by using published regression equations. The
endemic glacial squid Psychroteuthis glacialis was found to be the most abundant prey species in terms of
numbers (85.1%) and biomass (68%), followed by Alluroteuthis antarcticus which contributed only 13.9 %
in terms of numbers, but 31% regarding biomass. Other cephalopods occurring as prey were Kondakovia
longimana (0.72% in terms of numbers, and 0.64 in terms of biomass), and an unknown histioteuthid (His-
tioteuthis B) (0.36% in terms of numbers, and 0.73% in terms of biomass). As penguin chicks get fed by
their parents our results do not allow to judge about the actual prey taken by the chicks themselves, but
they provide important information on the prey of adult penguins during austral summer, the abundance
of cephalopods in the eastern Weddell Sea and their possible impact on the Antarctic food web.

P11. Frommel AY1, Piatkowski U1, Clemmesen C1, Hu M2 and Melzner F2

1. Leibniz-Institute for Marine Sciences IFM-GEOMAR, Duesternbrooker Weg 20, D-24105 Kiel, Germany. 2. Leib-
niz-Institute for Marine Sciences IFM-GEOMAR, Hohenbergstr. 2, D-24105 Kiel, Germany

Effects of elevated CO2 concentrations on statolith formation in European squid
(Loligo vulgaris) paralarvae. Ocean acidification, as a consequence of increasing marine pCO2,
may have severe effects on the physiology of marine invertebrates. However, experimental studies re-
main scarce, in particular concerning cephalopods. In this study, eggs of the squid Loligo vulgaris were
hatched under three different CO2 concentrations: 380 ppm (current), 1400 ppm and 4000 ppm. While
all L. vulgaris reared at 380 ppm had normally developed statoliths, elevated CO2 concentrations resulted
in significant deformations. In addition to deformed statoliths, behavioral abnormalities (“spinning”)
were observed in the hatchlings reared at 4000 ppm, of which most lacked statoliths completely. 

P12. Fuentes L1, Vidal EAG2 and Silva LB2 

1. Centro Oceanográfico de Vigo. Instituto Español de Oceanografía (IEO). Cabo Estay, Canido, apartado 1552, 36280
Vigo, Spain. 2. Centro de Estudos do Mar. Universidade Federal do Paraná - UFPR. Cx. Postal 50.002, Pontal do Pa-
raná, PR. 83.255-000, Brazil.
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Description of the chromatophore pattern of Octopus vulgaris (Cuvier, 1797) paralar-
vae from Northwest Spain and Southern Brazil. The chromatophore pattern of cephalopods
provides a quick and relatively easy mean of identifying species. Therefore, the aims of the present study
are to describe and compare the chromatophore pattern of Octopus vulgaris paralarvae from different
geographic regions, more specifically, Eastern Atlantic (Galicia, Spain) and South-western Atlantic
(Southern Brazil), and ultimately, contribute with new and useful taxonomic information for the de-
scription of O. vulgaris from both regions. The eggs and paralarvae (from hatching to 20 days of age) of
both localities were incubated in the laboratory and maintained at 20°C ± 2°C. Important differences
were observed on the chromatophores pattern of paralarvae from both regions. In the ventral mantle,
from 20 to 28 chromatophores were found in the Brazilian paralarvae, whilst 5-20 in the Galician ones.
But, in the dorsal mantle Brazilian paralarvae showed considerably less extrategumental chromatophores
(6-8) than the Galician ones (6-20). In the funnel, differences were also detected, 4-6 chromatophores
(three different patterns) versus 4 (single pattern), respectively. These results revealed the existence of
substantial differences between the chromatophore patterns of paralarvae from both regions, which
could provide support for the hypothesis of species differentiation.

P13. Gallardo P1, Gonzáles G2, Dzip L2, Taboada G1, Martínez R3 and Rosas C1

Unidad Multidisciplinaria de Docencia e Investigación, Facultad de Ciencias UNAM, México. 2. Instituto Tecnoló-
gico de Lerma, Lerma, Campeche, México. 3. Posgrado en Ciencias, Universidad Autónoma de Yucatán, México

Silage of octopus vicera and fish wastes as an ingredient to reduce the use of crab
flesh in diets for Octopus maya juveniles. The present study shows for first time the effect of
silage diets on growth, survival and digestive physiology of O. maya juveniles. Four diets were prepared
using fish wastes (Epinephelus morio) and octopus viceras in attempt to evaluate if silage time affects the
growth of octopuses. Experimental diets were elaborated with silage (pH: 5; 90%), gelatin (as a binder,
5%), vitamin and mineral premix (3%) and vitamin C (2%: Stay-C, Roche@). Experimental treatments
were: A) S0 + C (1:1 fresh fish waste and octopus vivera mix + fresh crab), B) S1 + C (1:1, 1 day silage
diet + fresh crab), C) S3 + C (1:1, 3 day silage diet + fresh crab), D)S7 + C (1:1, 7 day silage diet + fresh
crab) and E) C (fresh crab Callinectes spp). There were no differences on growth rate of octopuses fed dif-
ferent experimental diets. For that reasson a mean value of 1.3 % day-1 was calculated. A higher survival
was observed in animals fed diet A and E (90%) than observed in the rest of treatments (70%). Only he-
patopancreas alcaline proteases were higher on octopuses fed diets A, B and C (50714 UI mg protein-1)
than observed in animals fed diets D and E (21459 UI mg protein-1). A mean value of 51617 UI mg pro-
tein-1 was calculated for acid proteases activities. Silages made with fish wastes and octopus vicera can
be used to elaborate diets for O. maya when that diet is used to replace 50% of crab flesh. 

P14. Garcia S1, Domingues P1, Hachero I1, Garrido D1 and Rosas C2

1. Centro IFAPA – Agua del pino. Carretera Punta Umbria, Cartaya, s/n. 21450 CARTAYA. España. 2. Unidad Mul-
tidisciplinaria de Docencia e Investigación, Facultad de Ciencias – UNAM, Puerto de abrigo s/n Sisal, Mpio.
Hunucma, Yucatán, México.

Growth, partial energy balance, mantle and digestive gland lipid composition of Oc-
topus vulgaris (Cuvier, 1797) fed artificial diets with two different binders. The effects
of two binders (gelatine and alginate), were tested on growth, survival, partial energy balance and lipid
composition of the mantle and digestive gland of O. vulgaris. Thirty animals were individually placed
in 30 cylindrical tanks of 80 L in water volume each. Octopus average weight was of 713.0±127.9 g at the
start of the experiment. Octopuses were fed with 10% (wet weight of food/wet weight of the animal) (%
bw d-1) once a day at 09:00 h. The three diets were tested (10 octopuses per diet: 1) squid (Loligo gahi) as
a control diet, 2) GEL, composed of squid paste (Loligo gahi) (30%), fish hydrolyse CPSP® (10%), and high
quality fish flower (50%), agglutinated with 10% of gelatine and 3) ALG, composed of squid paste (Loligo
gahi) (30%), fish hydrolyse CPSP® (10%), and high quality fish flower (50%), all agglutinated with 10%
of alginate. Water temperature was of 15±1 ºC and a natural photoperiod during February and March
2008 was used. Growth rates were of 1.4±0.2, 0.2±0.2 and - 0.2±0.2 % Bw d-1, for octopuses fed the control,
GEL and ALG diets, respectively, and were higher (p<0.05) for the control, compared to the two artificial
diets (p=0.0001) while the GEL diet promoted higher growth (p=0.003) compared to the ALG diet. None
of the artificial diets tested promoted significant growth at the end of the experiment.
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P15. Garcia S1, Domingues P1, Hachero I1, Lopez N2 and Rosas C2

1Centro IFAPA – Agua del pino. Carretera Punta Umbria, Cartaya, s/n. 21450 CARTAYA. España.
2Unidad Multidisciplinaria de Docencia e Investigación, Facultad de Ciencias – UNAM, Puerto de abrigo s/n Sisal,
Mpio. Hunucma, Yucatán, México.

Effects of artificial diets prepared with two types of binder and different concentra-
tions of fish hydrolyse (CPSP 90®) on growth and lipid composition of digestive
gland in Octopus vulgaris. The effects of two binders (gelatine and alginate), as well as concentra-
tions of fish hydrolyse (CPSP 90®) were tested on growth and lipid composition of the digestive gland
of O. vulgaris in two experiments. For each experiment, 30 animals were individually placed in 30 cylin-
drical tanks of 80 L in water volume each. Octopus average weight was of 320.3±162.5 g and 623.3±129.1
g for experiments I and II, respectively. For experiment I, three diets were tested (10 octopuses per diet:
1) squid (Loligo gahi) as a control diet, 2) squid paste (Loligo gahi) (70%) and fish hydrolyzed CPSP® (20%),
agglutinated with 10% of gelatine (CPSP20) and 3) squid paste (Loligo gahi) (50%) and fish hydrolyzed
CPSP® (40%), all agglutinated with 10% of gelatine (CPSP40). For experiment II, three diets were tested
(10 octopuses per diet): 1) squid (Loligo gahi) as a control diet, 2) squid paste (Loligo gahi) (75%) and fish
hydrolyzed CPSP® (10%), all agglutinated with 15% of alginate (CPSP10). and 3) squid paste (Loligo gahi)
(65%) and fish hydrolyzed CPSP® (20%), all agglutinated with 15% of alginate (CPSP20). Growth rates
for experiment I were of 2.5±0.3, 0.9±0.6 and 0.6±0.5 % bw d-1, for octopuses fed the control, CPSP20 and
CPSP40 respectively, and were higher (p<0.05) for the control. Similarly, growth rates for experiment II
were of 1.8±0.3, 0.8±0.5 and 0.6±0.5 bw d-1, for octopuses fed the control, CPSP10 and CPSP20 respec-
tively, and were higher (p<0.05) for the control. None of the artificial diets tested promoted significant
growth.

P16. Garibaldi F, Orsi Relini L and Relini G
Laboratorio di Biologia Marina de Ecologia Animale, DIPTERIS. Università di Genova. Europa 26, 16132 Genova,
Italy.

Pelagic cephalopods biodiversity in the Ligurian Sea (North Western Mediterranean)
inferred from mesopelagic sampling and top predator diet analysis. The study of pelagic
cephalopods in the Cetacean Sanctuary of the Ligurian Sea is in progress on the basis of both mesopelagic
sampling and analysis of top predator stomach contents, such as swordfish, sharks, tunas and cetaceans.
Direct sampling of mesopelagic fauna was carried out by midwater trawl (IKMT) in surveys starting in
1990; a total of 18 cephalopod species, were collected in a depth range of approximately 800m, including:
3 meroplanctonic forms, i.e. paralarvae of Pteroctopus tetracirrhus, Scaeurgus unicirrhus and Octopus defil-
ippi and 15 pelagic species. Histioteuthidae represent 47.3% of the total number, the Sepiolid squid Het-
eroteuthis dispar is the second most abundant species, followed by Galiteuthis armata, Histioteuthis bonnellii,
Chtenopteryx sicula and Chiroteuthis veranyi. The analysis of top predator stomach contents showed a dif-
ferent picture of the cephalopod biodiversity, depending on the feeding habit of the species. Swordfish
feed upon a great range of both mesopelagic and surface cephalopod prey, mainly G. armata and Todar-
odes sagittatus, while for blue shark and cetaceans Histioteuthidae are the main part of the ingested bio-
mass. Taking into account all information sources for the study area, the list of oceanic cephalopods of
the Cetacean Sanctuary is at present totalling 24 species.

P17. Giordano D, Bottari T, Perdichizzi A, Pirrera L, Profeta A, Modica L, Rinelli P
Institute of Coastal Marine Environmental – C.N.R. of Messina. Spianata S. Raineri 86, 98122 Messina, Italy.

Distribution and biology of Scaeurgus unicirrhus in the Southern Tyrrhenian Sea
trawlable bottoms (Central Mediterranean). Scaeurgus unicirrhus (Delle Chiaje, 1841) is a cos-
mopolitan species present in the Atlantic, Pacific and Indian Oceans as well as in the Mediterranean Sea,
where it is reported as a rare or occasional species. Data on abundance, distribution and biology of S.
unicirrhus were collected from 14 bottom trawl surveys carried out in the Southern Tyrrhenian Sea (Cen-
tral Mediterranean), in an area extended from Cape Suvero to Cape San Vito, within the framework of
the Research Project MEDITS. The main biological parameters as dorsal mantle length (ML), weight,
sex, maturity stage and gonad weight were recorded over a subsample of the total catch. The length
classes of the specimens ranged between 25 and 70 mm of ML. S. unicirrhus exhibited a negative allo-
metric growth in both sexes (b<3). This species showed a wide bathymetrical distribution, from 32 to
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560 m depth range, although the bulk of the catch was observed between 100 and 200 m depth. The
species showed an irregular abundance pattern and the highest mean Density Index (N/km2) and Bio-
mass Index (kg/km2) values was obtained in 2003 (75 N/km2; 2,18 kg/km2).The spatial distribution (GIS
representation) of S.unicirrhus highlighted that the species was captured in higher abundance in the
western part of the sampling area.

P18. González ML, Arriagada SE and López DA
Dpto de Acuicultura y Recursos Acuáticos. Universidad de Los Lagos, Avda. Fuchslocher 1305. Osorno, Chile.

Evaluation of mixed diets on growth of Enteroctopus megalacyathus in captivity. Feed-
ing was studied in captive specimens of the “pulpo del sur”, Enteroctopus megalocyathus (Gould, 1852).
This species is exploited in southern Chile, where landings are falling. The specimens can reach a weight
of 4 Kg. The effect of mixed diets comprising crustaceans and fish, administered alternately, was evaluated
in specimens of varying sizes. Pure crustacean diets, that have proved to be more effective, but also more
expensive, were used as controls. Experiments where a mixed diet was fed to specimens under 40g initial
weight, generated less growth than the pure diet of crustaceans, during the first three months, this being
associated with lower ingestion rates. In specimens with an initial weight of between 200 – 400 g and 400
- 600 g, the mixed diet produced satisfactory results in growth and survival. The results obtained indicate
that the mixed diet of crustaceans and fish is inadequate during the fattening stages in specimens under
200 g. Weight growth rates below 0.5% during initial growth, have negative effects on biomass production,
even though mixed diets generate adequate results in growth and survival in larger specimens. The bio-
mass increase in specimens fed with a mixed diet did not experience seasonal variations or differences
according to sex. Rations equivalent to 10% of the cultured biomass, administered every 2 days and a 3:1
fish: crustacean biomass ratio, at moderate densities, sustain growth of this resource.

P19. Green CP1 and Jackson GD2

1 University of Tasmania, PO Box 114, Queenscliff, Victoria, Australia, 3225. 2 University of Tasmania, Private Bag
77 Hobart, Tasmania, Australia, 7001

Temporal and spatial variation in elemental composition of arrow squid, Nototo-
darus gouldi, statoliths. The arrow squid, Nototodarus gouldi, forms the primary catch of the Aus-
tralian squid fishery. Over recent years, research has advanced to answer specific questions on lifespan,
growth rates, trends in reproduction, and genetic stock; however, it also highlighted the need for more
detailed research to describe life history events. Many studies have used otolith chemistry to complement
or validate fisheries research. Like otoliths, statoliths are metabolically inert, are manly comprised of
calcium carbonate in the form of aragonite crystals, and form different sizes and shapes that are species
specific. Similarly, they also are capable in providing life history information such as cohort identification,
environmental profiles, and ontogenetic characteristics. Using a laser ablation inductively coupled
plasma mass spectrophotometer (LA-ICPMS), levels of magnesium, manganese, copper, zinc, rubidium,
strontium, barium, and lead were detected in different areas of arrow squid statoliths. The chemical
composition revealed that certain elements have a high potential in providing life history events such
as spatial and temporal differences as well as providing an insight in to possible ontogenetic migration

P20. Guerra A1, Pierce GJ2, Santos MB3, González AF1, Hernández G3, Porteiro C3 and
Patiño B3

1. Instituto de Investigaciones Marinas (CSIC), Vigo, Spain. 2. Centro Oceanográfico de Vigo, Instituto Español de
Oceanografía, P.O. Box 1552, 36200 Vigo, Spain and School of Biological Sciences (Zoology), University of Aberdeen,
Tillydrone Avenue, AB24 2TX Aberdeen, U.K. 3. Centro Oceanográfico de Vigo, Instituto Español de Oceanografía,
P.O. Box 1552, 36200 Vigo, Spain. 

An unusually large specimen of neon flying squid, Ommastrephes bartramii
(Cephalopoda: Ommastrephidae) caught in the Eastern Tropical Pacific. A specimen
of the neon flying squid Ommastrephes bartramii (LeSueur, 1821) was caught using a surface longline in
the Eastern Tropical Pacific Ocean in October 2007. The animal was frozen whole on board and landed
in Vigo, where it was defrosted and examined. The squid represents the largest specimen of this species
yet recorded, with a mantle length of 102 cm (30+ kg), compared to the recorded maximum of 80 cm (25
kg). The specimen was a mature female, with an ovary weight of around 500 g. There appeared to be
spermatangia stored in the buccal membrane. Its stomach contents included beaks of ommastrephid
cephalopods and bones of a mackerel-like (scombrid) fish. Age of the animal is also studied.
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P21. Guerra A1, Rodríguez-Navarro A2, González AF 1, Romanek ChS3, Álvarez-Lloret
P2 and Pierce GJ4

1. Instituto de Investigaciones Marinas (CSIC), Vigo, Spain. 2. Departamento de Mineralogía y Petrología, Univer-
sidad de Granada, Granada, Spain. 3. Department of Geology and Savannah River Ecology Laboratory. University
of Georgia. USA. 4. School of Biological Sciences (Zoology). University of Aberdeen, Aberdeen. U.K.

Giant squid Architeuthis dux life history traits revealed from stable isotope signa-
tures recorded in its beaks. Three upper beaks of the giant squid Architeuthis dux from Asturias
(North Iberian Peninsula) and one from Namibian waters were used to investigate whether variations
in the stable isotope composition of nitrogen and carbon along chitin-protein complex growth layers in
the hood of a single beak reflect differences in ontogenetic dietary shifts in animals from different regions.
δ15N values ranged from 6.3 to 7.1‰ and δ13C from -10.2 to -11.4‰. δ15N profiles differed significantly
between the four animals analyzed. These profiles differed in shape but all of them decreased along each
profile with a sharp downturn around 20 mm from the rostral tip of the beak hood. This trend was clear
but it was not linear in most cases. The δ13C profiles also differed in shape and decreased along each
profile, although the decrease in value was not as pronounced than in the δ15N profiles. Both 15N/14N
and 13C/12C isotopes ratios suggested the existence of an ontogenetic diet shift during the early life of
the giant squid from smaller preys of relatively low trophic status to larger preys higher in the food web.
Fluctuations in δ13C profiles observed near the rostral tip might be associated to the greater intrinsic
variability in the composition of relatively small prey and/or may be attributed to a migratory behaviour.
The relative stability in δ13C profiles shown afterwards suggests that adult giant squids probably stay in
a relative small and well defined productive area where the food resources have a relatively constant
carbon isotope composition. Both δ15N and δ13C values segregated the giant squids from North Iberian
Peninsula, Namibia and those from Kerguelen Islands, which could indicate that these giant squids grew
in different marine ecosystems. The stable isotope signature of only one beak of Architeuthis revealed
interesting aspects of its life history traits and is a powerful tool in particular to investigate its trophic
ecology, migratory behaviour and its role in the marine ecosystems. 

P 22. Haimovici M and Freire MA
Departamento de Oceanografia. Universidade Federal do Rio Grande (FURG) Cx.P. 474, CEP 96201-900, Rio Grande,
RS, Brasil. docmhm@furg.br

Diet of Octopus vulgaris in southern Brazil inferred from retrieved pots from com-
mercial fishing and stomach contents. Octopus vulgaris was seldom caught along Rio Grande
do Sul in the Southern tip of Brazil until the development of a pot fishery beginning in 2005. Since then,
industrial fishing boats with over 10,000 pots fish regularly in the shelf between the depth of 40 and 150
m. During 2006 several skippers were asked to collect and preserve the material in the pots that held oc-
topus raised form the bottom. Overall, 11 trips were sampled from two fishing areas. Only specimens
with recent signals of attack and mollusks shells without epibiosis or worn off were considered as preys.
Forty-eight species or genera were listed: 24 bony fishes, 2 elasmobranches, 12 crustaceans, 8 gastropods
and pelecypod mollusks and one polychaete, besides frequent signals of cannibalism. No relationship
could be established between the preys and the discard of the trawl fishery. In parallel, we examined
the stomach contents of 117 specimens caught with trawls in research survey and commercial fishing
from 1980 to 2002 in which 62% had remains of crustaceans, 25% of fish, 9% of cephalopods, 2% of gas-
tropods and 2% of polychaetes but no further identification was possible. It was concluded that stomach
contents analysis yield little information and diet of large octopus and that pot raised preys may be
useful where middens collection by diving is not possible. 

P23. Haimovici M1, Aguiar dos Santos R2 and Gomes Fischer L3

1 Instituto de Oceanografia, Universidade Federal do Rio Grande, Cx.P. 474, CEP 96201-900, Rio Grande, RS, Brasil.
docmhm@furg.br 2 CEPSUL, Instituto Chico Mendes, Av. Ministro Konder s/nl, CEP 88301-280, Itajaí, SC, Brasil. 3

Pós-Graduação em Oceanografia Biológica, Universidade Federal do Rio Grande, Cx.P. 474, CEP 96201-900, Rio
Grande, RS, Brasil. 

A list of the Cephalopods (Mollusca) of the Brazilian Waters. The present list includes 86
taxa of cephalopods, 82 species and four identified to genera from the Brazilian waters with short de-
scriptions and references on their distribution. Photographs of recently caught specimens or drawings
are also included. This doubles a former list of 1994 and is more comprehensive for the coastal waters
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of the Southern and Southeastern Brazil but recent trawl and plankton surveys, fish and mammals sto-
mach contents analysis and diving are increasingly providing information on the Central, Northeastern
and Northern regions. Only six new species from Brazilian waters have been described in the last half
century: Eledone masyae Voss, 1964, Loligo surinamensis Voss 1973, Vosseledone charrua Palacio, 1978,
Benthoctopus oreganeae Toll 1981, Eledone gaucha Haimovici 1988 and Octopus insularis, Leite and
Haimovici, 2008. Growing collections and the support of genetic studies are going to increase the rate of
new species description in the near future, particularly of octopods from the coastal and oceanic islands
of the Northeastern and Northern regions. 

P24. Hastie L and Pierce GJ
School of Biological Sciences, University of Aberdeen, Tillydrone Avenue, Aberdeen, AB24 2TZ, UK. 

The Scottish Moray Firth squid (Loligo forbesi) fishery: preliminary stock assessment
and discard study. This presentation reports the findings of a study of squid fishing in Scottish wa-
ters, funded by the UK Seafish Industry Authority. Significant proportions (5–70%) of the total Scottish
squid (Loligo forbesi) landings are caught annually in the Moray Firth, an important historical fishing
area off north-east Scotland. A seasonal, directed, demersal trawl fishery for squid currently operates,
with most activity occurring between July and November, when large numbers of small squid recruit to
the fishery in the shallow, coastal waters. Most of the vessels targeting squid in the Moray Firth are lo-
cally-based. However, during years of exceptional abundance and large squid catches, substantial num-
bers of vessels from other areas may also participate in this fishery. Annual (autumn-winter) declines in
squid CPUE were identified in historical Scottish fishery data (1980–2000), and these provided deple-
tion-based estimates of the Loligo forbesi population in the Moray Firth, ranging from initial (pre-exploita-
tion) estimates of 0.3 to 5.8 million squid, in seasons 1985–86 and 1990–91, respectively. End-of-season
(post-exploitation) population estimates ranged from 20000 to 230000, in 1984–85 and 1996–97, respec-
tively. During exploratory directed squid fishing trips, a total of 24 fish and three shellfish species were
recorded in by-catches. Relatively large numbers of small whiting were caught, resulting in discard rates
of 17–56% (overall catch weight, per day). Whiting was by far the main by-catch species, constituting
>25% of total catches by weight and appearing in 18/25 (>70%) hauls. Haddock, dab, flounder, plaice
and mackerel were also occasionally caught in large numbers (0–11%). Prawn and swimming crab by-
catches were sometimes substantial (not quantified).

P25. Hermosilla CA1, Rocha F1, Gonzalez AF2, Guerra A2 and Fiorito G3

1. Dpto. Ecología y Biología Animal. Universidad de Vigo. Spain. 2. Instituto de Investigaciones Marinas (CSIC).
Eduardo Cabello 6, 36208 Vigo, Spain. 3. Laboratorio di Neurobiologia, Stazione Zoologica A. Dohrn, Villa Comu-
nale, 80121 Napoli, Italy.

Age validation in common octopus, Octopus vulgaris using stylet increment analysis.
Daily periodicity of growth increments in stylets of Octopus vulgaris Cuvier 1797 was validated from
known-age laboratory-raised specimens. Daily periodicity of growth increments was corroborated by
staining the stylets either with oxytetracycline or tetracycline and comparing the number of rings pro-
duced with the elapsed days. A total of 19 individuals (10 males and 9 females, 680 to 1470 g body weight)
were marked with oxyetracycline injections at Vigo (mean of 124 mg oxytetracycline per Kg of octopus)
and 6 individuals (1 male and 5 females, 248 to 570 g body weight) were stained with tetracycline injec-
tions at Naples (mean of 120 mg/Kg). The animals were successfully maintained in captivity until sac-
rificed for up to 6 (1 specimen), 9 (1 specimen), 18 (6 specimens from Naples) and 21 (17 specimens)
days. Transverse stylet sections were embedded in thermo-plastic resin and polished until a thin and
translucent section was achieved. Several sections of each stylet were prepared and photographed. In-
crements were counted 3-5 times by two different readers. Increments counts for each stylet were
analysed and outliers excluded using statistical methods. The number of increments counted was
18.9±1.4 and 20.5±1.5 days for 18 and 21 days specimens, respectively. Mean rate of increments formation
was 1.02 increments per day (1 increment = 1 day). Photograph analysis corroborated the regular dep-
osition pattern of stylet growth increments. Consequently, this study successfully validates daily incre-
ments deposition in stylets of Octopus vulgaris to the size range analysed.
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P26. Higgins F, McKinnon J and Lamare M
Department of Marine Science, University of Otago, Dunedin, New Zealand. fihigginscrane@gmail.com

Age Determination and Growth of a Small-Bodied New Zealand Octopus. Octopus hut-
toni (Hoyle, 1885) is a little studied, small-bodied species of coastal octopus from New Zealand. Infor-
mation is sparse on this species. Ageing cephalopods by means of counting growth lines on their beaks
can provide useful information on their ecology and life history therefore the beaks of this species will
be examined. To date, growth lines on the beaks of 7 O. huttoni specimens have been identified in this
study. They are visible after cutting the upper beak along the midline and inspecting it under a com-
pound microscope. Over the coming months we will be working on accurately aging O. huttoni beaks
by several means, including repeated visual counts and digital imaging. The natural dark colouration
on the beaks occludes most growth lines on the central area of the sagittal sections so methods of cleaning
or lightening the beaks will be investigated. Validation of the growth lines will be attempted using
alizarin complexone. Paralarvae beaks will be analysed along with adult beaks to determine any corre-
lations. Size of the octopuses at death will be incorporated into the study. The ability to age these animals
consistently and accurately may provide valuable information on their population ecology. 

P27. Jing-Yu Chen and Chih-Shin Chen
Institute of Marine Affairs and Resource Management, National Taiwan Ocean University, 2, Peining Road, Keelung
20224, Taiwan.

Seasonal variations in size composition of jumbo flying squid (Dosidicus gigas) in
the Southeast Pacific. The jumbo flying squid, Dosidicus gigas, is a pelagic ommastrephid squid and
distributes in the eastern Pacific ranged from 40ºN to 47ºS. In this study, we converted the catch data of
Taiwanese D. gigas fishery, from commercial categories in weight to mantle length (ML) composition in
number, and analyzed the effect of catch and squid abundance on the size composition. The transition
matrix was based on the biological information of 330 specimens. The results showed that the large-
sized group (>40 cm ML) consisted of the major catch in 2002~2007, small-sized group (<30 cm ML ) oc-
curred occasionally, while medium-sized group was scarce. The large-sized group distributed around
neritic waters off southern Chile, and coastal waters of Peru. No significant correlation was found be-
tween catch in previous month and average ML in this month. A negative pattern was noted between
catch of previous month and coefficient of variation (CV) of ML in this month, although it was not sig-
nificant statistically. A significant correlation was found between monthly CPUE anomaly and ML anom-
aly, i.e., the size composition of squid presented large variation when its abundance was high. The
possible effect of fishing pressure and environmental changes on size composition of squid was dis-
cussed.

P28. Jónsson E
Marine Research Institute (MRI) Skúlagata 4, 101, Reykjavik, Iceland, e-mail address: einar@hafro.is

European flying squid (Todarodes sagittatus, Lamarck, 1798) in Icelandic waters; an
overview of exploitation (occurrence) and research on the species in this region. The
species is first mentioned in local chronicles in the 17th century telling of quite regular fall-migrations
into fiords where it was gathered from stranding-beaches and used as bait. Around 1880 Icelanders
learned from French fishermen to use jigs and regular squid-fishery was established. However, catch
statistics are only available for few years after 1957 but from various sources it can be gathered that the
species migrated to the Icelandic coast on the average every second year. After 1966 European flying
squid has only migrated twice to the Icelandic coast (1979, 1984) to such an extent that fishery was started.
This is a similar scenario as could be observed at the continental coasts but with some time lag. In 1979
and 1984 (years of strong migrations) the MRI conducted biological research on the squid and several
fishing trials with trawls were made. Distribution, mean mantel length and stomach contents, for exam-
ple, were looked at. Prior to that the species had been paid little attention by marine researchers working
in the region. Since 1979 a watch has been kept on the European flying squid, mainly via various trawl
surveys. Small traces of the squid have been recorded annually mainly on or above the Icelandic conti-
nental slopes towards SW but also in far off-shores areas west of the Reykjanes-ridge where fishery on
deep sea redfish (Sebastes mantella) is conducted. In autumn 2008 the recorded traces on the south and
southwest slopes were unusually prolific and fishing trials with jigging machines are planned in the
area next autumn.
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P29. Juárez AM1, Rey J 2, Romero Z 1, Sobrino I 1 and Baro J2

1 Instituto Español de Oceanografía, Centro Oceanográfico de Cádiz, Puerto pesquero s/n- Muelle de Levante, 11006,
Cádiz. 2 Instituto Español de Oceanografía, Centro Oceanográfico de Málaga, Puerto pesquero s/n, Fuengirola (Má-
laga)

Octopus (Octopus vulgaris) pot selectivity in the South Region of Spain (Gulf of Cadiz and
Alboran Sea). An important artisanal fishery for octopus (Octopus vulgaris Cuvier 1797) using traps (pots) is

developed in two different areas of the South of Spain: the Spanish South Atlantic Region (Gulf of Cadiz) from

Portugal to Gibraltar Strait and the South Mediterranean Region from the Gibraltar Strait to Almeria. A study of

octopus pot selectivity was undertaken in this region of the Iberian Peninsula (Gulf of Cadiz and Alboran Sea) be-

tween February 2005 and March 2007. Five types of pots with different volume, shape and material were used in

fishing tests. The experimental pot lines were checked once every two weeks. Only a few pots with eggs have been

found in the experimental lines but a clear direct relationship between mean weight of the captured octopus and

pot volume was observed. An increase in the pot volume produces an increase in the weight of the captured octopus.

In this way, the octopus pot selectivity and fish gillnet selectivity behave similarly, so the SELECT (share each

length class catch total) method was used to fit pot selectivity curves. The normal scale, normal location and bimodal

model gave a good fit for octopus. The influence of this “weight octopus- pot volume relationship” also was analysed

temporally and spatially. 

P30. Juárez OE, Lizama G, Rosas C and Arena, L.
Unidad Multidisciplinaria de Docencia e Investigación, Sisal. Facultad de Ciencias, UNAM, México.

Molecular Phylogeny of Octopus maya using 16S rRNA, cytocrome oxydase I and
cytochrome oxydase III. With the aim of clarifying the phylogenetic relationships in the genus Oc-
topus in a global scale, as well as the origin and evolution of Octopus maya, in this work we obtained the
16S rRNA, cytochrome oxydase I (COI) and cytochrome oxydase III (COIII) sequences from O. maya mi-
tochondrion. A comparison with homologous genes of Octopus species available in GenBank was done
in attempt to reconstruct phylogenetic trees for octopodid species.In the distance trees, O. maya (endemic
from Yucatan Peninsula) shows the lowest genetic distance with O. bimaculatus and O. bimaculoides. As
the sequences analyzed show equal evolutionary rates across taxa, we estimate that the divergence of
O. maya started approximately 4 million years ago. A monofiletic group including O. maya, O. bimacu-
loides, O. bimaculatus, O. mimus and O. oculifer that diverged during the Panamá Isthmus formation is
proposed.According to neutrality test over the sequences at genus level, natural selection has favored
the COI and COIII polymorphism, but 16S rRNA has been very restricted. The genetic distances that O.
maya sequences show in respect to the rest of Octopus species are in the range of congeneric distances of
other vertebrate and invertebrate species so that sequences are characters that supports the inclusion of
O. maya in this genus.

P31. Katugin ON and Shevtsov GA
Pacific Research Fisheries Centre (TINRO-Centre), 4 Shevchenko Alley, 690950 Vladivostok, Russia

Patterns of distribution and biology of the butterfly bobtail squid (Sepiola biros-
trata) in the northern Japan Sea. The butterfly bobtail squid, Sepiola birostrata Sasaki, 1918, is
widely distributed in the northwestern Pacific; however, little is known about distribution patterns and
life cycle of this species. In the northwestern Japan Sea, the species has been registered in coastal and
offshore areas within a wide depth range between the surface and 400 m. Early ontogenetic stages appear
in coastal plankton communities from May through June. Juveniles occur in coastal areas through the
summer and early autumn. Immature adults are distributed in the pelagic layers on the shelf and beyond
the shelf zone in the northern Japan Sea. Sexually mature animals approach the shore, copulate and
spawn in the late spring. Therefore, our observations suggest that life cycle of S. birostrata lasts one year.

P32. Šifner SK1, Peharda M2, Vrgoč N2, Isajlović I2 and Petrić M1

1. University of Split, Center of Marine Studies, Livanjska 5/III, Croatia. 2. Institute of Oceanography and Fisheries,
Šetalište Ivana Meštrovića 63, Split, Croatia.

Biodiversity and distribution of cephalopods caught by bottom trawling in the
Northern and Central Adriatic Sea. A time series (1996-2004) of bottom trawl surveys performed
in the scope of the MEDITS project was analysed in order to identify and describe the cephalopod as-
semblages in the Northern and Central Adriatic Sea. A total of 32 cephalopd species was caught, belon-
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ging to 7 families. All species were previously registered in tha Adriatic Sea but 6 of them were found
for the first time in the area of investigation. The abundance index of cephalopods was greatest in depths
100 to 200 m and biomass index in 10-50 m depth stratum. Taxonomic diversity and distinctness indices
had higher values in shallow waters (down to 100 m), and total taxonomic distinctness index increased
with depth. Results indicated depth structuring of cephalopods assemblages in the Northern and Central
Adriatic Sea. It was found that, based on abundance data, the most important species for stratum 10-50
m was Eledone moschata, in stratum 50-100 m Alloteuthis media, S. elegans and E. moschata, for depths bet-
ween 100–200 m A. media and I. coindetii and for depth stratum 200–500 m I. coindetii and Eledone cirrhosa.
Statistical methods proved the significant difference between cephalopod assemblages in defined depth
strata, with 10-50 m and 50-100 m strata being the most similar. In addition, based on the values of bio-
mass indices and their commercial importance 5 cephalopod species were chosen and their spatial dis-
tibution and recent trends were described. 

P33. Kubodera T1, Lindsay D2 and Okutani T2

1. National Museum of Nature and Science, Tokyo. Japan. 2. Japan Agency for Marine-Earth Science and Technology,
Yokosuka. Japan

Deep-Sea cephalopods filmed by JAMSTEC submersibles around Japanese waters.
We introduce several in situ video clips of deep-sea cephalopods filmed by submersibles of Japan Agency
for Marin-Earth Science and Technology during 2005 -2008. They include Mastigoteuthis (I.) cordiformis
(731m depth), Watasenia scintillans and Todarodes pacificus (200-400m depth), Onykia loennbergi (967m
depth), Berryteuthis magister (989m depth), Gonatopsis borealis (484m depth), Benthoctopus sp. (1523m
depth) and Grimpoteuthis sp (5294m depth). We discuss effect of strong light on their behaviour, vertical
distribution and school structure of W. scintillans, swimming ability of G. borealis and mating behaviour
of Benthoctopus sp.

P34. Lefkaditou E 1, Peristeraki P 1 and Chartosia N 2

1. Institute of Marine Biological Resources. Hellenic Centre for Marine Research. 19013 Anavyssos, Hellas. 2. De-
partment of Biology. Aristotle University of Thessaloniki. 54124 Thessaloniki, Hellas.

Ommastrephes bartrami (Lesueur, 1821): New findings in the Hellenic waters and
review of the species records in the Mediterranean Sea. The neon flying squid, Ommastrephes
bartramii (Lesuer, 1821), characterized as “truly oceanic”, occurs circumglobally in subtropical and tem-
perate waters, sustaining important fisheries in the North Pacific but scarcely encountered in the Mediter-
ranean Sea. Since 2004 nine specimen of O. bartrami have been found stranded or drifting near the coasts
of Chalkidiki peninsula, Crete island, Milos island and west Peloponesos, whereas two more specimen
have been caught by long-lines near Kastelorizo island and east of Peloponesos, confirming the species
occurrence in the eastern Ionian Sea and the Aegean Sea up to its northernmost part. All stranded squids
examined in the laboratory were spawning females with mantle length (ML) ranging between 53 and
61 cm, among the largest ones recorded in the Mediterranean Sea. The smallest individual, caught by
swordfish long-line, was 47 cm in ML. Detailed body and beak morphometrics of the examined speci-
mens are presented. Available biological and geographical data concerning the previously published
records of O.bartrami in the Mediterranean Sea are reviewed and the range of its distribution in this area
is discussed in relation to environmental conditions. 

P35. Leite TS1, Haimovici M2 and Oliveira-Lins JE3

1 Departamento de Oceanografia e Limnologia (UFRN). Via Costeira s/n, Bairro de Mãe Luiza, Natal/RN; CEP
59014-100. leite_ts@yahoo.com.br. 2Departamento de Oceanografia. Laboratório de Recursos Demersais e Cefaló-
podes (FURG). docmhm@furg.br. 3 Departamento de Oceanografia e Limnologia (UFRN). jorgelins@ufrnet.br.

Reproductive strategy of Octopus insularis (Leite & Haimovici, 2008) in the tropical
oceanic islands, Brazil. The Octopus insularis is the dominant octopus species year round in the
warm shallow water from the Northeastern oceanic islands, Brazil. Its reproductive behavior and life
cycle were studied at two tropical oceanic islands, Fernando de Noronha and de Saint Peter and Saint
Paul. Macroscopic analysis showed that males under 65 mm mantle length (ML) were immature, be-
tween 61-78 mm ML already had few incomplete spermatophores and over 78 mm ML had completely
formed and free spermatophores. Females up 75 mm ML were immature, between 80-95 mm ML the
ovaries had some maturing oocytes, over 95 mm ML had fully developed oocytes up 1.5 mm diameter
and large oviducal glands, and spawned females were over 100 mm ML. Immature to mature males
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were collected year-round. Only four maturing females were collected, between July and September,
and two spawned ones in August and October. Mating behavior was more frequently at depth of less
than 10 m between June and August. The reproductive behavior of this species seems to include seasonal
migration to warmer shallow waters to mate, and some peculiar characteristics, such as couple formation,
mate guarding, male-male competition and frequent copulations. Copulation of female before full ma-
turation suggests sperm stocking. Only one female was observed guarding her eggs attached to the top
of a rocky den at 6 m depth. 

P36. Lyons GN1, Gutowska MA2, Melzner F3, Wilson RP4, Liebsch N4, Allcock AL5,1,
Scantlebury M1 and Houghton JDR1

1. School of Biological Sciences, Queen’s University Belfast, 97 Lisburn Road, BT9 7BL, UK 2. Alfred-Wegener-
Institute for Polar and Marine Research, Am Handelshafen 12, 27570, Bremerhaven, Germany. 3. Leibniz Institute
of Marine Sciences, IFM-GEOMAR, Hohenberg Str. 2, 24105 Kiel, Germany. 4. Institute of Environmental Sustain-
ability, School of the Environment and Society, Swansea University, Singleton Park, Swansea, SA2 8PP, UK 5. Martin
Ryan Marine Science Institute, National University of Ireland Galway, Ireland

Ocean acidification and the cuttlefish Sepia officinalis: behavioural and energetic
consequences of cuttlebone ultra-structural changes. Ocean acidification is driving a reduc-
tion in both seawater pH and carbonate ion (CO32-) concentrations. As these ions are incorporated into
mineralised calcium carbonate (CaCO3) skeletons (formed by many marine organisms), a current con-
cern is that further ocean acidification may affect the structural integrity of calcified structures and
species fitness. Contrary to studies on most other calcifying invertebrates, recent work on the cuttlefish
Sepia officinalis has shown that this species actually mineralises more CaCO3 in their cuttlebones during
long-term exposure to CO2 concentrations in excess of current climate change predictions. Nonetheless,
the increase in CaCO3 content of the cuttlebone should still be viewed as a pathology because its density
must remain low in order to preserve its function as a buoyancy regulation device. Cuttlebone sections
calcified during exposure to elevated seawater pCO2 were found to be less porous, owing to decreased
lamellar spacing and a thickening of lamellar and pillar walls. The potential influences of the ultra-struc-
tural changes on the functional control of the cuttlebone have not yet been evaluated, although it is hy-
pothesised that the observed changes could negatively influence buoyancy and increase locomotory
energy expenditure. To better understand the associated costs of increased calcification in cuttlefish we
describe ongoing research efforts using a combination of multi-channel data loggers and respirometry
to: (1) elucidate fine-scale behavioural differences between cuttlefish reared under control conditions
and elevated levels of CO2 and, (2) estimate the comparative costs of locomotion and buoyancy regula-
tion under different climate change scenarios.

P37. Martínez R1, Sántos R2, Álvarez A3, Mascaró M4, Pascual, C4 and Rosas C4

Universidad Autónoma de Yucatán, División de Posgrado, FMVZ. 2. Universidad Autónoma de Yucatán, Depar-
tamento de Nutrición, FMVZ. 3. Unidad de Ciencias Biológicas, UJAT. 4. Unidad Multidisciplinaria de Docencia e
Investigación, Facultad de Ciencias, Universidad Nacional Autónoma de México, Puerto de abrigo s/n, Sisal, Yu-
catan, Mexico crv@fciencias.unam.mx

Partial characterization of hepatopancreatic and extracellular digestive proteases of
wild and cultivated Octopus maya. Proteases from digestive gland and gastric juice from wild
and cultured red octopus (Octopus maya) were characterized by biochemical and electrophoretic tech-
niques. Hemoglobin digestion assay revealed, in wild octopus, total proteases and trypsin from digestive
gland  with an optimal activity at pH 2 and 10, respectively. In gastric juice, maxim activity of total pro-
teases, trypsin and chymotrypsin, was registered at pH 6, 8 and 7, respectively. In octopuses from culture
conditions, total proteases, trypsin and chymotrypsin from digestive gland reveled optimal activity at
pH 3, 8 and 9, respectively. In gastric juice, the maximal activity of total proteases, trypsin and chy-
motrypsin, was registered at pH 6, 8 and 7, respectively. Specific protease inhibitor Pepstatin A was
used. Dissociating discontinuous polyacrylamide gel electrophoresis (PAGE), using gelatin as substrate,
showed activity bands between 20 and 28 kDa, 30 and 34kDa, 35 and 45 kDa, 60 and 70 kDa and a last
one between 75 and 100 kDa.
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P38. Mattiello T1 , Fiore G1, Brown E2, d’Ischia M3 and Palumbo A1

1 Cellular and Developmenatl Biology Laboratory, Stazione Zoologica Anton Dohrn, Villa Comunale, 80121 Naples,
Italy. 2 Animal Physiology and Evolution Laboratory, Stazione Zoologica Anton Dohrn, Villa Comunale, 80121 Na-
ples, Italy. 3 Department of Organic Chemistry and Biochemistry, University of Naples “Federico II”, Via Cinthia,
80126 Naples, Italy.

A new role for Nitric Oxide signaling in Sepia officinalis: chromatophore regulation.
Nitric oxide (NO) is a bioactive molecule which acts as a diffusible messenger in intercellular communi-
cation and intracellular signalling in vertebrates as well as in invertebrates. Following our previous stud-
ies, addressing the role of NO in the nervous system and ink gland of adult cuttlefish, we decided to
investigate if other organs in Sepia synthesise NO with the aim to discover other biological processes reg-
ulated by this gaseous messenger. We have recently found that NO is present in the Sepia skin at level of
chromatophores. These are complex structures responsible of the variety of body coloration patterns used
by cephalopods for communication and camouflage. They are formed by a pigment bearing part, sur-
rounded by muscle fibres innervated directly from the brain. Their contraction and relaxation are respon-
sible for expansion and retraction of the chromatophore pigment sac. In this frame, we detected NO, by
the NO-specific indicator DAF-FM-DA, and NOS activity, by NADPH diaphorase histochemistry, in the
pigment sacculus and muscle fibers of embryo, isolated juvenile and adult chromatophores. To get an in-
sight into the biological role and signalling of NO in chromatophores, NO production monitoring and
pharmacological bioassays were performed on adult and isolated juvenile chromatophores in the presence
of NO donors and various types of inhibitors. Results will be reported suggesting that NO is involved in
a fine regulation mechanism in the long-term maintenance of the body coloration pattern in Sepia.

P39. Mendes S1, Newton J 2, Stowasser G1,3, Bjørke H4, Zumholz K5 and Pierce GJ1

1. School of Biological Sciences (Zoology), University of Aberdeen, Tillydrone Avenue, Aberdeen, AB24
2TZ, UK. and Instituto Español de Oceanografía, Centro Oceanográfico de Vigo, P.O. Box 1552, 36200,
Vigo, Spain. 2. NERC Life Sciences Mass Spectrometry Facility, SUERC, East Kilbride G75 0QF, UK. 3.
Current address: British Antarctic Survey, High Cross, Madingley Road, Cambridge, CB3 0ET, UK.4.
Institute of Marine Research, P.0. Box 1870, N-5024 Bergen, Norway. 5. Leibniz-Institute for Marine Sci-
ences (IFM-GEOMAR), Wischhofstrasse 1-3, D-24148 Kiel, Germany. 

Stable isotope ratios of oceanic squid: sources of variation and implications for pred-
ator studies. Oceanic squid from the northern North Atlantic comprising seven species were analysed
to investigate the magnitude and sources of nitrogen and carbon isotopic variation. Most specimens
were Gonatus fabricii, a major food source for higher predators in the region. Overall, δ15N increased with
size and δ13C decreased with latitude. The largest difference in δ15N was 7.6‰, between specimens of G.
fabricii from west Greenland, with mantle lengths (MLs) of 44 and 147mm. A 5.0‰ difference in δ13C
was measured for Taonius pavo and G. fabricii from west Scotland and Norway, respectively, separated
15º in latitude. For G. fabricii, there was large intra-population variability in isotopic composition for
both west Greenland and Norway. This was mostly explained by the variables tested (ML, latitude and
depth). Given the large variability observed, establishing trophic relationships for squid and squid pred-
ators based on isotope ratios of only few specimens of putative prey should be avoided. 

P40. Miki K1, Sakai M 2 and Wakabayashi T2

1. National Research Institute of Fisheries Science. Furuura 2-12-4, Kanazawa-ku Yokohama 236-8648, Japan. 2. Na-
tional Research Institute of Far Sea Fisheries. Furuura 2-12-4, Kanazawa-ku Yokohama 236-8648, Japan.

Raw and processed materials distribution of jumbo flying squid (Dosidicus gigas)
in Mexico, Peru and Chile. After end of 1990’s, the fisheries production of jumbo flying squid (Do-
sidicus gigas) is increasing in Mexico, Peru and Chile. In Mexico boiled squid “daruma” as materials for
“sakiika” has been processed by Korean capitals after 1990’s. But another kind of materials except
“daruma” has not been developed enough there. In recent years, demand for “daruma” is decreasing
by depression of Korean economy. And the fisheries production of the squid is limited to demand in
Mexico. In Peru there are many kinds of squid processing factories by foreign capitals. So demand of
the squid as materials in the factories is large. In Chile jumbo flying squid is used for materials of feed
for aquaculture. So demand of the squid is large though the number of squid processing factories is
smallest in these countries. The fisheries production of jumbo flying squid in these countries is depend
on demand of the squid in the countries.
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P41. Miki K1, Wakabayashi T2 and Sakai M2

1. National Research Institute of Fisheries Science. Furuura 2-12-4, Kanazawa-ku Yokohama 236-8648, Japan. 2. Na-
tional Research Institute of Far Sea Fisheries. Furuura 2-12-4, Kanazawa-ku Yokohama 236-8648, Japan.

Comparative analysis of dried-squid products market between Japan and Korea.
Dried-squid products are popular in East Asia. “Sakiika” is most important articles in dried-squid prod-
ucts. After 1960’s, dried-squid processing industry has been developed in Japan and after 1980’s in Korea.
After middle of 1990’s, import of cheep “sakiika” from China has increased and has been getting the
market share in each country. Dried-squid processing industries in each country are damaged by im-
ported “sakiika” from China. It is more serious in Korea than in Japan. We researched dried-squid prod-
ucts market in each country to explain the cause. The result is as follows: In Japan dried-squid market
is mainly constructed by smaller package articles and in Korea by larger one. The articles of dried-squid
products in Japan are richer in variety than in Korea. In Japan, domestic material (Todarodes pacificus)
utilized than imported materials. On the other hand, in Korea imported ones (mainly Dosidicus gigas)
are more utilized than domestic materials. In Japan, dried-squid products market is more segmented
and the product differentiation is more than in Korea. These are the reasons why Japanese dried-squid
products market is stronger against import ones from China than in Korea.

P42. Morales-Bojórquez E1 and Nevárez-Martínez MO2

1. Centro de Investigaciones Biológicas del Noroeste SC (CIBNOR), Mar Bermejo 195. Col. Playa Palo de Santa Rita,
La Paz. CP 23090. Baja California Sur. México. 2. Instituto Nacional de la Pesca. CRIP Guaymas, Calle 20 Sur, núm.
605. CP 85400. Sonora Mexico.

Catch-at-size analysis for Dosidicus gigas (d’Orbigny, 1835) in the central Gulf of
California, Mexico. We analyzed the catch-at-size data of Dosidicus gigas from fishing season 1996-
1997 to 2001-2002. We are interested in alternatives methods for stock assessment for this species, because
the variability in abundance and availability of D. gigas in the Gulf of California, in some fishing seasons
the catch-per-unit effort does not show a normal pattern of depletion, and the use of common methods
as depletion models are unsuccessful. The survey research is usually expensive, and is necessary to find
alternative tools for stock assessment that can be useful for analysis of the squid fishery in the Gulf of
California. Finally is necessary the confrontation of hypotheses, data and methods, in any case the goal
is the selection of the best management strategy for D. gigas. The use of size structure is supported be-
cause the determination of age may be hampered by inaccuracy, imprecision, or a lack of valid ageing
methods. The assumptions of the catch-at-size analysis is that it includes a stochastic model of growth,
it assumes that the length distributions are in steady state over time, and the recruitment to the fishery
is knife-edged and constant. Our results showed the variability in total biomass and recruitment, we
measured the fall in the population when the El Niño event 1997-1998 was observed.

P43. Morales-Bojórquez E1, Markaida U2, Hernández-Herrera A3, Nevárez-Martínez
MO4, Salinas-Zavala CA1 and Gilly W5.
1. Centro de Investigaciones Biológicas del Noroeste SC (CIBNOR), Mar Bermejo 195. Col. Playa Palo de Santa Rita,
La Paz. CP 23090. Baja California Sur. México. 2. Colegio de la Frontera Sur. Departamento de Aprovechamiento y
Manejo de Recursos Acuáticos. Calle 10 x 61, núm. 264. Col. Centro. CP 24000. Campeche, México. 3. Instituto Po-
litécnico Nacional. CICIMAR. Av. IPN s/n. Col. Playa Palo de Santa Rita. CP 23000. La Paz, Baja California Sur,
México. 4. Instituto Nacional de Pesca, CRIP Guaymas. Calle 20 Sur 605. Col. La Cantera. CP 85400. Guaymas,
Sonora, México. 5. Hopkins Marine Station. Stanford University. Pacific Grove, California 93950.

Population size of jumbo squid Dosidicus gigas (D’Orbigny, 1835) in the central Gulf
of California, Mexico, based on mark-recapture data. We considered that the mark-recapture
data can be an alternative method for estimates of abundance of D. gigas, this statistical procedure could
be applied when data about typical methods Leslie-De Lury depletions models or estimates from survey
research are not available. The estimation of the population size was computed using the binomial prob-
ability density function. When we used binomial probability, we did not use a deterministic approach
because the binomial probability is not necessarily a symmetrical distribution. We analyzed two events
of mark-recapture in the central Gulf of California, Mexico, during October, 2001 and April, 2002. Our
results showed in October, 2001 a population size of 20.2 million of squids with confidence interval from
16 to 26.5 million of squids (P < 0.05). In April the population size estimated was of 132.6 million of
squids, with confidence interval between 85.5 and 222 million of squids (P < 0.05). In this case, the main
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advantage of the mark-recapture data is that the information represents fishery-independent data, and
the information can be used for fishery management of the jumbo squid in the Gulf of California.

P44. Moustahfid H1, Tyrrell Megan C2 and. Link Jason S2 

1. Institute of Marine and Coastal Science - Rutgers University. 71 Dudley Rd. New Brunswick, NJ, 08901. E-mail:
hmousta@marine.rutgers.edu 2. NOAA Fisheries Service, Northeast Fisheries Science Center, 166 Water St Woods
Hole, Massachusetts 02543. 

Accounting explicitly for predation mortality in stock assessment models: an appli-
cation to longfin squid (Loligo pealeii). One approach to better account for ecosystem consid-
erations in fisheries science is to incorporate ecological interactions into conventional stock assessment
models. The longfin squid (Loligo pealeii) is one of two squid species of commercial significance in the
northwest Atlantic. A surplus production model with quarterly time steps was fitted to longfin squid
total removal (fishing and predation removal) and tuned with fishery-dependent, fishery-independent
indices and predation-dependent indices to examine the effect of incorporating predation into a single
species model. Total consumption of squid by all predatory fish exceeds the landings in most years of
this analysis. The model output indicated that biological reference points for longfin squid differ con-
siderably when predation removals are included. It appears that by not including predation, the model
underestimates stock biomass while it overestimates fishery surplus production. Short-term stochastic
projections of such estimates demonstrate that increasing predation mortality and fishing mortality will
decrease the biomass of longfin squid. Although there are several areas where the model could be im-
proved (e.g. estimates of functional feeding responses of predators to different prey densities), our results
robustly demonstrated the feasibility of executing such an approach with an extant tool. 

P45. Muñoz JLP1, Conde-Sieira M1, Hermosilla C2, Rocha F2, Míguez JM1,
López-Patiño, MA1

1. Depto. Biología Funcional y Ciencias de la Salud. Área de Fisiología. Universidad de Vigo. Spain. 2. Depto. Eco-
logía y Biología Animal. Universidad de Vigo. Spain.

Detection of melatonin in nervous system and hemolymph of Octopus vulgaris: tis-
sue distribution and daily changes. The indoleamine melatonin is considered as an endogenous
mediator of photoperiod information and a component of the circadian time-keeping system. In verte-
brates, photoperiod changes acting via the nervous system alter the temporal pattern of melatonin which
generally displays high levels at night and low levels after exposure of animals to light. Melatonin is
synthesized mainly in the retina and pineal organ of vertebrates and distributed to all tissues by the
blood. In invertebrates information regarding melatonin production is scarce, although it has been related
to eyes and nervous structures. In the present study we have investigated the presence and daily fluc-
tuations of melatonin in retina and nervous system-related structures of Octopus vulgaris. In addition,
the levels of serotonin, the metabolic precursor of melatonin, were also evaluated. A total of 18 individ-
uals were successfully maintained in captivity under natural photoperiod for up to 21 days. Then the
animals were sacrificed at different times of a daily cycle (10, 15, 23 and 4 hours), and samples from he-
molymph, retina, optic lobe, and cerebral ganglion were taken out and immediately frozen on dry ice
until the assays of melatonin and serotonin contents by HPLC were performed. Melatonin levels were
high in retina displaying a daily rhythm with peak values at night (23 and 4 hours) as compared to day-
time. This rhythm was opposite to that observed in serotonin which displayed the lowest levels at night.
A melatonin rhythm similar to that of retina was also observed in hemolymph. In other structures (cere-
bral ganglion, optic lobes) the levels of melatonin were almost undetectable. The present results indicate
that retina could be the major source of melatonin in Octopus vulgaris. The existence of marked daily
changes in retinal and hemolymph melatonin suggests that this molecule might play an important role
in adjustment of daily events in cephalopods.

P46. Nigmatullin ChM 
Atlantic Research Institute of Marine Fisheries and Oceanography (AtlantNIRO), Kaliningrad, 236022 Russia 

The size relation of predator and prey: problem of standard length of cephalopods.
One of keystone of trophoecology is study the size relationship of predator and prey. Their body size
relations express as ratio both weights and lengths. The last is most important in study of prey size se-
lection and behavioral aspects of predation. The correct analysis of length relations of predator and prey-
especially its comparative aspect- possible when a realistic length of the studied predator and prey, will

Cephalopod International Advisory Council Symposium (CIAC’09)



- 81 -

be selected. For cephalopods the basic measurement is the mantle length (ML). It’s used as a standard
length in biological investigations including studies of size relation of predator and prey. But ML is part
of cephalopod natural length and it is not correct measurement for given purpose. The absolute length
(AL) is solely the natural size, and it has more veritable biological meaning than ML in special investi-
gations of cephalopod trophic and behavioral relations including size-dependant predation. AL allows
estimating real size of squid that perceives by predators, preys and other interacting animals in natural
conditions. AL is measured from mantle end to tip of longest arm. The relative prey size (RPS) must be
estimated as ratio (in %) of prey length to absolute cephalopod length (%AL). For example the data on
RPS of squid Ommastrephes bartramii of ML 15-40 cm using AL (170-175%ML) is following. All prey size
ranged 3.2-77%AL with modal values 8-20%AL. Size of myctophid prey ranged 5.6-24%AL. RPS of fishes
with a narrow, fusiform body were larger (40-77%AL). RPS of squid prey was 4.3-61.7%AL and crus-
taceans prey - 2.4-13%AL.

P47. Nigmatullin ChM1 and Chesalin MV2

1. Atlantic Research Institute of Fisheries and Oceanography (AtlantNIRO), Kaliningrad 236022, Russia 2. Institute
of Biology of the Southern Seas, Sevastopol 99011, Ukraine 

The squid Sthenoteuthis pteropus (Ommastrephidae) in trophic structure of the Trop-
ical Atlantic open waters: ontogenetic, sex and infraspecific aspects. Trophic relations
of dominant orangeback squid Sthenoteuthis pteropus (OS) in the open waters of Tropical Atlantic were
studied. Food composition includes more than 120 species of invertebrates and teleosts. The predator-
prey size relations are 6-20% absolute OS length (AL). There are shifts in OS ontogenesis of main food
groups when theirs relative sizes become less than 6-8%AL. Nine ontogenetic stages were separated: 1
stage. Embryonic, ecologically inactive. 2. Meso-macroplanktonic larvae (0.1-0.9 cm ML, main food –
micro- and mesoplankton). 3. Macroplanktonic fries (1-2.9 cm ML, mesoplanktonic crustaceans, chaetog-
naths, larvae of squids and teleosts). 4. Micronektonic early juveniles (3-8 cm ML, macroplanktonic crus-
taceans, fries of squids and teleosts). 5. Micronektonic late juveniles (8.1-15 cm ML, macroplanktonic
crustaceans, micronektonic squids and especially teleosts). 6. Eunektonic middle-sized OS (15.1-35 cm
ML, micronektonic squids and teleosts, mainly myctophids). 7. Eunektonic large-sized OS (35.1-65 cm
ML, nektonic squids and teleosts planktivorous and predatory). 8. Premortal postspawning OS (15-65
cm ML, not feeding, passive; consumed by different kind of predators). 9. Died OS (15-65 cm ML, in-
volved in biotic cycle on different stages of decomposition by varied consumers and decomposers). This
periodization in whole characterized females of Large form (LF) with adult ML 40-65 cm. Females of
Small form (SF) with adult ML 15-32 cm, males of SF and LF with ML 12-20 and 18-28 cm accordingly
have smaller sizes and during ontogenesis not pass to 7 stage. This demonstrated the existence of im-
portant differences between various ontogenetic stages, sexes and infraspecific groups in oceanic trophic
structure. 

P48. Ohshima E and Sakurai Y
Graduate School of Fisheries Sciences, Hokkaido University, Japan.

Histological observation on eye structures of Japanese common squid, Todarodes
pacificus to light intensities. The Japanese common squid Todarodes pacificus is mainly jigged at
night using fishing lights. This method is said to presume their escape behavior against the strong lights.
According to Hamabe (2003), they remain in the deeper layer during daytime and ascend to the surface
at night. This indicates that their eyes should be adapted to low-light intensity. When exposed to the
strong fishing light, they would avoid it by escaping to the shadow area under the fishing boat. Suzuki
et al. (1985) reported that T. pacificus adapt to the light not only by closing the pupil but also by migrating
the black pigments in their retinas. Light intensity of this study was measured at near the surface of the
rearing tank, but the light intensity hitting the squids’ eyes and the pupillary responses were not meas-
ured. Also, although the circadian rhythm of the pigment migration is suggested by the diel vertical mi-
gration of squids (Inada, private correspondence), it has not yet been tested. Hence, this study analyzed
the reaction of the Japanese common squid to different light intensities, by observing both the papillary
response and the pigment migration and by testing the circadian rhythm. Pupillary response occurred
with light intensity of 60lx or higher and the light level triggering the pigment migration was found to
be between 5lx and 10lx. The circadian rhythm was found in speed of pigment migration. During daytime
the pigments were sensitive to high luminosity (25lx), while at night they were sensitive to low lumi-
nosity (10lx).
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P49. Orr PA1 and Agnew DJ2

1. Imperial College London, Silwood Park, Ascot SL5 7PY, UK. 2. MRAG, Queen St., London W1J 5PN, UK.

Predicting the recruitment of Loligo gahi in Falkland Island waters - model perform-
ance over the past decade. The relationship between sea surface temperature (SST) and recruitment
of Loligo gahi was first reported by UK researchers in 2000. The original model was based on 13 years of
data (1987-1999) and established that October SST was negatively correlated with recruitment to the sec-
ond cohort six months later. With the inclusion of recent data (2000-2008) the model continues to provide
predictions of recruitment size that make it a useful tool for better managing the stock.

P50. Pascual C1, Mascaró M1, Sánchez A1, Honorio C2 and Rosas C1

1. Universidad Nacional Autónoma de México, Unidad Sisal, Yucatán, México. 2. Universidad Autónoma de Guer-
rero, Acapulco, México

Seasonal characterization of the physiological condition of Octopus maya. Supporting
an important fishery, Octopus Maya is an endemic species of México with a short life cycle and repro-
ductive period from December to July. There is little information on the physiology of wild octopus;
hence, our objective was to determine the seasonal variation in physiological conditions of adults off the
coast of Sisal, Yucatán. Fifty individuals in each of three climatic seasons were captured, acclimated for
1 day, and anesthetized with low temperature to obtain tissues. Hemolymph was used to evaluate the
osmotic capacity, hemocytes concentration, hemocyanin, total protein, glucose, cholesterol and acyl-
glicerols. Gonads, digestive gland and muscle were used to determine the glycogen concentration and
total lipids. The caloric value of muscle was also determined. A two-way ANOVA (season or body
weight and sex) was applied to all response variables, and procedures in generalized linear mixed mod-
eling were used to ensure compliance with regression assumptions. Octopus body weight, hemocytes,
osmotic capacity, glycogen of the digestive gland and muscle caloric value varied seasonally. Glucose
in hemolymph, lipids of the digestive gland, muscle glycogen and the gonad-somatic index showed a
high correlation with body weight. The variation pattern observed indicates a seasonal variation asso-
ciated with the breeding peak and individual growth. These results provide reference values for several
physiological indicators in this species.

P51. Pascual S, González AF and Guerra A
Ecobiomar. Instituto de Investigaciones Marinas. CSIC. Eduardo Cabello 6, 36208 Vigo. Spain.

Coccidiosis during octopus senescence: preparing for parasite outbreak. Senescence is
the ultimate stage of the octopus life cycle and occurs before the animal death. Males reach this stage
after mating and females while brooding their eggs and soon after the hatchlings release from the egg.
Senescence is not a disease or the result of any disease. However, diseases could also be a symptom of
senescence. Coccidiosis has been largely reported among the most prevalent and endemiotpic diseases
of octopus, being responsible for a malabsorption syndrome. The fact that eimeriorin coccidians of the
genus Aggregata reach the octopus through infected crustacean preys and the lack of feeding during
senescence offers an interesting ecological scene to study the parasite trade-off in dying hosts. In this
study, we analysed 4 post-spawning Octopus vulgaris females (2 wild and 2 cultured in ongrowing cages)
by examining infected areas and parasite counts in histological sections of target organs for infection
(namely the spiral caecum and the intestine). When these results were compared with a large histological
database of parasite records in common octopus at different maturity stages, we found that the largest
infection intensity was centred in senescent octopus. Thus, parasites sporulated and replaced almost all
infected tissues. This finding suggests an ecological trade-off of Aggregata in dying cephalopods, which
is maximizing parasite outbreak to ensure the completion of its life cycle.

P52. Perdichizzi A, Pirrera L, Busalacchi B, Perdichizzi F, Profeta A, Giordano D and
Rinelli P
Institute of Coastal Marine Environmental. C.N.R. of Messina. Spianata S. Raineri 86, 98122 Messina, Italy.

Distribution and biology of Illex coindetii (Verany, 1839) (Cephalopoda: Ommas-
trephidae): historical series of 14 years trawl survey. Data on distribution and biology of the
squid Illex coindetii (Verany, 1839) (Cephalopod: Ommastrephidae) have been collected over a 14-year
period of trawl surveys, carried out within the framework of the MEDITS project, in the Southern
Tyrrhenian Sea (Central Mediterranean). A cartographic representation of mean biomass values showed
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a wide bathymetric distribution (35-600m) of the species; the bulk of the catches were observed in the
70-180 m depth range. The catches of I. coindetii were characterised by a very wide size range, from 25
to 300 mm of dorsal mantle length (DML). The length classes of the specimens ranged between 60 to 210
mm and between 65 and 300 mm, for males and females, respectively. A sex-ratio value close to 0.5 was
observed. Maturity stages observed in the group of spawners frequently showed fully mature females
(51%) and males (48%). Recruits were collected in all surveys and were distributed from 100 meters on-
wards, although the highest values are recorded in 100-200 m stratum. The spatial distribution of I. coin-
detii highlighted that the species was captured in higher abundance in the gulfs; the recruits are
concentrated in the eastern part of the area (Cape Vaticano, Calabria)

P53. Pereira JN, Morato T and Menezes G
Departamento de Oceanografia e Pescas, Centro do IMAR da Universidade dos Açores, 9901-862, Horta, Faial, Por-
tugal. (jngpereira@oma.pt)

Cephalopods as food source for two seamount aggregating fish species: alfonsino,
Beryx splendens and orange roughy, Hoplostethus atlanticus. The cephalopod diet com-
ponents of two seamount aggregating fishes are compared in terms of relative importance, species com-
position, vertical distribution and behavior. Alfonsino, Beryx splendens and orange roughy,
Hoplostethus atlanticus, are two opportunistic benthopelagic predators, with H. atlanticus foraging at
greater depths. Cephalopods are important food components for both species representing about 5.7%
and 33.8% of all identified alfonsino and orange rough prey. Beryx splendens preyed mostly upon verti-
cally migrating epi- and mesopelagic cephalopods, such as some Pyroteuthids, Sepiolids, Onycoteuthids
and Cranchiids. On the other hand, Hoplostethus atlanticus cephalopod preys are mostly non migrating
meso- and bathypelagic species such as some Mastigoteuthidae, Onycoteuthidae, Octopoteuthydae and
Taonius pavo. Data is compared with other regions from the Atlantic and the Pacific. The cephalopods
vertical distribution and behavior was described in relation to predators feeding strategies, and debated
in light of the main processes sustaining seamount communities.

P54. Ramos F, Sobrino I and Silva L
Instituto Español de Oceanografía. Centro Oceanográfico de Cádiz. Puerto pesquero. Muelle de Levante s/n. Apdo.
2609. 11006 – Cádiz, Spain.

Distribution pattern, reproductive biology and fishery of the elegant cuttlefish Sepia
elegans (Blainville, 1827) in the Gulf of Cádiz. The elegant cuttlefish Sepia elegans is exploited
in the Spanish waters of the Gulf of Cádiz exclusively by the trawl fleet as a by-catch species. Annual
landings in the recent fishery (1993-2007) oscillate between 19 and 108 ton. Groundfish surveys results
(1993-2007) show that the species distributes between 17 and 350 m depth, although its presence in depths
shallower than 30 m is incidental, with the population being mainly concentrated between 75 and 150
m depth. The high percentages of mature cuttlefish found in all the analysed monthly samples (April
1998– March 1999) suggest that S. elegans spawns all the year round. However, the reproductive cycle
seems to show two periods of higher reproductive activity, the first and more protracted one covering
the spring and summer months, and the second one lasting from late-autumn to mid-winter. Size at first
maturity in males was estimated at 29.5 mm DML (estimated body weight of 3.6 g BW) and at 35.5 mm
DML (6.3 g BW) in females. The individual total fecundity (ITF) varied from 61 oocytes in a 34 mm DML
female, to 942 oocytes in a 64.2 mm DML female. Mean (± SD) ITF was estimated in 369 ± 251 oocytes
(n=24; DML range=34.0-65.2 mm). The egg size distribution in the gonad suggests the occurrence of a
partial ovulation. Data on its reproductive and condition status seem to corroborate the adoption by the
species in the study area of a reproductive strategy based on a multiple spawning mode.

P55. Rocha F1, Ramil F1, Vidal C1, Pascual P2 and Ramos A3

1. Dpto. Ecología y Biología Animal. Facultad de Ciencias del Mar, Universidad de Vigo. Spain. 2. Instituto Español
de Oceanografía, Centro Oceanográfico de Canarias, Santa Cruz de Tenerife, Spain. 3. Instituto Español de Oceano-
grafía, Centro Oceanográfico de Vigo, Vigo, Spain.

Cephalopods from Mauritanian waters (Central East Atlantic): Preliminary results
of Maurit-0811 Survey. A total of 8744 cephalopods were caught during the Maurit-0811 research
cruise in Mauritanian waters. The survey was carried out on board R/V Vizconde de Eza from November
17 to December 14, 2008. The studied area comprises Mauritanian continental shelf and slope from Cap
Blanc to Senegal River (20º41.66’N to 16º8.38’N and 16º20.77’W to 18º27.88’W), between 80 and 1862 me-
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ters deep. A total of 99 trawling stations (one hour length) were accomplished using commercial bottom
trawl (Lofoten type). Samples were collected following the swept area method and a stratified random
sampling procedure. The most abundant species in number and weight belonged to Ommastrephidae
(80.09% and 70.76% respectively). Neritic and benthic species of Loliginidae, Sepiidae and Octopodidae
represented the 3.52%, 3.98% and 2.58% of total number and the 1.08%, 0.89% and 17.68% of total weight,
respectively. A check-list of collected species and its geographical and bathymetric distribution in the
area are showed. 

P56. Rodrigues AR1,2, Gasalla MA1

1. Fisheries Ecosystems Laboratory, Department of Biological Oceanography, Instituto Oceanográfico, University
of São Paulo, Brazil. 2. Aquaculture and Fisheries Graduate Program, Instituto de Pesca, São Paulo, Brazil.

Spatial and temporal patterns in size and maturation of Loligo plei and Loligo san-
paulensis (Cephalopoda: Loliginidae) in southeastern Brazilian waters (23°S - 27°S)
Patterns of population dynamics of Loligo plei and Loligo sanpaulensis were investigated with samples
obtained during 1999-2000 and 2002-2003. Size and maturity structure of the two species varied according
to depth and season. Body size decreased with depth for L. plei, whereas for L. sanpaulensis size increased
with depth up to 100 m and decreased again in deeper areas. Incidence of mature animals decreased
with depth in both species. L. plei females matured at a large size in summer, while size at maturity in
L. sanpaulensis was greater in autumn. For L. plei, reproductive events occurred in winter and spring, in
depths up to 40 m, and during summer in inshore waters. L. sanpaulensis increased reproductive activity
in summer, winter and spring between depths of 30 and 80 m. The presence of high proportions of im-
mature squid offshore suggests that juvenile might develop in these areas and, upon maturation, migrate
back to inshore waters to spawn, particularly in spring and summer. However, differences found in ag-
gregation patterns in different depth strata, as well as the seasonal differences found in size structure of
L. plei and L. sanpaulensis, could ultimately be due to changes in the water column related to food avail-
ability. Considering that L. plei and L. sanpaulensis are both caught as by-catch by shrimp trawlers
throughout the year, we recommend measures to protect squid spawning grounds by creating spring
and summer protected areas where trawling would be prohibited until 60 m depth, i.e. in the area and
time of year when mature individuals concentrate.

P57. Rodrigues M1, Garcí ME2, Guerra A2 and Troncoso JS1

1. Dpto. de Ecología y Biología Animal. Facultad de Ciencias del Mar. Campus Lagoas Marcosende, 36310. Univer-
sidad de Vigo. Spain. 2. Instituto de Investigaciones Marinas (CSIC). Eduardo Cabello 6, 36208 Vigo, Spain.

Beak lengths and relationships between body size, mass and sex in Sepiola atlantica
d´Orbigny (1839-1842) Changes in the relative size of various body component parts during the
growth of the whole animal occur in most cephalopods. The various dimensions of the cephalopod beaks
especially lower rostral length (LRL), show good allometric relationships with body measurements. The
aim of this work is provides information on the relationship between beak lengths (LRL), body size
(MDL), body mass (BW) and sex of the Atlantic bobtail squid Sepiola atlantica. A total 54 specimens were
obtained in several dives from the Ría of Vigo (NW Iberian Peninsula) have been examined. Depth of
collection ranged from 5 to 8 meters and the seabed was sandy without seaweed and presence of rip-
marks. The specimens were weighted and measured. Beaks were removed under stereoscopic micro-
scopic and measured with image analyzer. Specimens ranged 2.34 to 18.31mm MDL, BW ranged 0.013
to 2.39g, and LRL ranged 0.071 to 0.675mm. All variables were well fitted through regressing ln-trans-
formed. A non-linear 3rd order polynomial regression of lower rostral length against mantle dorsal length
was identified as the best fitted regression calibration model (p<0,001) explaining 66% (R2). On the other
hand, the relationship between lower rostral length and body mass was best fitted with a lineal regression
(p<0.001) explaining 74% (R2) of this variance. Values of the respective regression coefficients (LRL
against MDL or BW) were higher in males (N= 28, p<0.001) than in females (N= 16, p<0.05). Our data
indicated that these relationships are a good predictor of the S. atlantica mantle dorsal length and body
mass estimates.

P58. Rodrigues M1, Garcí ME2, Troncoso JS1 and Guerra A2

1. Dpto. de Ecología y Biología Animal. Facultad de Ciencias del Mar. Campus Lagoas Marcosende, 36310. Univer-
sidad de Vigo. Spain. 2. Instituto de Investigaciones Marinas (CSIC). Eduardo Cabello 6, 36208 Vigo, Spain.

Fecundity of the Atlantic bobtail squid Sepiola atlantica in the Vigo Ria (Iberian

Cephalopod International Advisory Council Symposium (CIAC’09)



- 85 -

Peninsula) Fecundity is one of the basic elements that allow defining cephalopod reproduction pat-
terns. The aim of this work is to add information to our knowledge on the fecundity of the Atlantic
bobtail squid Sepiola atlantica. A total of 32 mature specimens (19 male, 13 female) obtained in several
dives from the Ría of Vigo (NW Iberian Peninsula) have been examined. Depth of collection ranged from
5 to 8 meters in ripple marks sandy bottoms without seaweed. The mantle length varied from 10.7–
17.1mm for males and 12.2–19.4mm for females. The Gonad somatic index values ranged from 14.50-
46.19% for females and from 1.84 to 3.39% for males. The Potential Fecundity was estimated by counting
all oocytes present in the ovary, which number varied from 28 to157. The relative fecundity was esti-
mated to be 20.20-69.98 egg/g. The Spermatophoric Sac Index accounted from 2.09 up to 9.07% of resid-
ual body weight. The maximum number spermatophores (SN) in males were 843. The spermatophores
(3.31-9.92 mm length) posses a large ejaculatory apparatus correspond up to 64.86% of the spermatophore
length. The calculated spermatophore length index (SpLI) ranged from 58.99-80.44%. Except for SN and
SpLI that were much higher than in other sepiolids, the data obtained were very similar to those of other
representative of the genus.

P59. Rosas C, Caamal C, Mena R, Jiménez L, Mascaro M, Pascual C, Sánchez AB, Sán-
chez A, Gallardo P, Ponce M and Aguila J
Unidad Multidisciplinaria de Docencia e Investigación, Facultad de Ciências, UNAM, Puerto de abrigo s/n Sisal,
Yucatán, México

Actual status and bottle neck on Octopus maya culture. Octopus maya (Voss and Solis) cul-
ture is now at pilot-commercial scale in Yucatán. In the present study results of hatchlings production,
growth, and survival obtained during last three are showed. Using females from wild population we
have the capacity to produce a mean of 25,000 embryos per month. An artificial embryos incubator was
designed; in that system it is possible to obtain between 90 to 98% of spawned embryos as hatchlings.
Not all the hatchlings born at the same time. Normally hatch occurs through 4 to 5 days. At born hatch-
lings passes through a transition between post embryonic to juvenile phase. During that time octopuses
absorb yolk, maturate its digestive system, and change morphologically to acquire its juvenile behavior.
Culture system has been divided in two parts: a pre-fattening period in which octopuses are cultivated
until 2g of living weight and fattening phases in which octopuses are maintained in external ponds until
they reach 30g of living weight at crop time. At the date we know that survival during all the process
depends on type of food, light and octopus density; in our production system a 10% of survival can be
obtained from hatchlings to 30g of living weight when animals were fed fresh crab. The principal bottle
neck of the culture is the type of food. Survival can be improved if living food is given to octopuses that
demonstrate that the food quality is the main factor to be developed.

P60. Roura A, Guerra A, González AF
Instituto de Investigaciones Marinas (CSIC), Vigo, Spain

Sperm ultrastructure of Vulcanoctopus hydrothermalis and comparison with other
members of the family Octopodidae. Vulcanoctopus hydrothermalis González & Guerra 1998 is a
recently described deep water species inhabiting hydrothermal vents. Nothing is known about its mature
spermatozoa and we deal with this issue in this work. Furthermore, its phylogenetic position within the
Octopodidae is uncertain and the sperm ultrastructure can bring some light to clarify this issue. The
specimens were collected from a hydrothermal vent on the East Pacific Rise. A piece of spermatophore
was unwrapped and prepared for transmission microscopy (TEM). Different measurements were done
in order to compare with other octopodids. Mature spermatozoa of Vulcanoctopus hydrothermalis have a
head of 13.9 μm. The acrosome (5.62 μm) present a single helix arranged in 6 gyres around an inner cone
which shows striations arranged perpendicular to the long axis of the spermatozoon. The nucleus is 8.28
m long with the presence of the extranuclear rod only in the most distal part. At the middle piece there
are 10 rounded mitochondria. Mature sperm in Vulcanoctopus hydrothermalis is similar to those found in
Octopodidae, except to those of the subfamily Eledoninae on which the whole nucleus displays heli-
coidization. Vulcanoctopus has the smallest nucleus among the Octopodidae, in contrast with the sperm
of Bathypolypus bairdii or B. sponsalis, members from the same subfamily, which have the longest nucleus.
This means that ripe sperm are a plastic character subject to a strong selective pressure, which leads to
marked modifications between genera belonging to the same subfamily.
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P61. Salinas Zavala CA and Bazzino GA
Centro de Investigaciones Biológicas del Noroeste (CIBNOR), La Paz, BCS 23090, México.

Mass strandings of jumbo squid (Dosidicus gigas) in the eastern Pacific Ocean: his-
torical records, general considerations, and possible causes. Mass strandings of jumbo
squid seem to be a natural phenomenon of this species, with historical records since the beginning of
last century and occurring with some periodicity, at least in some regions. Here, we mention some gen-
eral considerations of these strandings: a) seemed to be an active behavior (squids are alive when they
reach the shore); b) mostly occur during nighttime or dawn; c) seemed to be seasonal, at least in some
regions, especially during the summer (e.g. Gulf of California); d) occur in areas with no fishery, den-
sity-dependent factors; e) commonly observed at the end of species distribution range; f) seemed to occur
in areas near deep basins; g) wide size spectrum of stranded specimens but the squids are generally
small (mantle length 30-50 cm); h) can occur simultaneously in different regions. The underlying causes
of these mass strandings remain unclear. However, we discuss some hypothesis, possible factors and
mechanisms that can trigger these events: 1) end of life cycle, semelparous species, high post-spawning
mortality; 2) chasing prey species (e.g. grunions, sardines) onto beaches; 3) driven ashore by predators;
4) parasites, pathogens or diseases; 5) changes in water temperature (cold shock), salinity (freshwater
influx from heavy rains), or sediment load (increased turbidity in near shore waters); 6) starvation; 7)
natural chemical toxins (domoic acid); 8) ammonium metabolism could affect the floatability of squids;
9) intense nighttime diving behavior (rapid long descents from surface to great depths); 10) influence of
major oceanographic events (e.g. ENSO), climate change or global warming; 11) manmade pollution,
biotoxins, or antibiotics; 12) sonic pressure waves (secret naval manoeuvres); 12) mini earthquakes &
tsunamis.

P62. Sánchez M, Hernández MD, Cerezo Valverde J and García García B
IMIDA. Estación de Acuicultura Marina. Puerto de San Pedro del Pinatar. Box 65. 30740 San Pedro del Pinatar. Mur-
cia. Spain.

Protein and lipid digestibility in common octopus (Octopus vulgaris) Growth and feed
conversion results obtained in common octopus (Octopus vulgaris) fed natural diets vary greatly. Several
factors may explain the differences, among them the lipid content of the diet. The present work therefore
studies the effect of the lipid content (LC) and absolute lipid feeding rate (ALFR) of three natural diets
(1, Carcinus mediterraneus; 2, Sardina pilchardus and 3, Boops boops) on the apparent digestibility coefficients
for protein (ADCP) and lipids (ADCL), determined by the acid insoluble ash (AIA) method. Proximate
analyses of diet, faeces and whole bodies of octopus were based on the procedures from the AOAC
(1997). The ADCP varied significantly (ANOVA P<0.05) as a function of the feed (1: 95.8±0.5; 2: 92.7±0.7;
3: 90.3±1.7) and was negatively correlated with the lipid content of the same (r = -0.86), decreasing as
the lipid content increased, and the absolute lipid feeding rate (r = -0.98). The ADCL also varied signif-
icantly (ANOVA P<0.05) as a function of the feed (1: 94.7±0.8; 2: 69.8±8.1; 3: 80.0±7.2), and was also sig-
nificantly correlated with the lipid content (r=- 0.94), but not with the absolute lipid feeding rate (r=-0.46).

P63. Sánchez P and Demestre M 
Institut de Ciències del Mar-CSIC, P. Marítim de la Barceloneta 37-45, 08003 Barcelona Spain

Relationships between Loligo vulgaris reproductive organs and somatic tissues. Gen-
eral Additive Model (GAM) was applied to understand the role of internal and external factors in Loligo
vulgaris maturation process. The relationships between gonad weight (ovary/testis) and total weight,
eviscerate weight, mantle length, digestive gland weight, accessory reproductive gland and capture date
(month) were investigated. Loligo vulgaris specimens were sampled monthly on board commercial
trawlers in two ports off the Catalan Coast (NW Mediterranean) from October 2003 to December 2005.
Results indicate that gonad weight variation, in both ovary and testis, is explained by month. In females
relationship between ovary weight and size showed positive effects at DML> 14 cm indicates the starting
maturing size. Nidamental gland weight also showed positive effect. In males, the relationships between
the different variables analyzed were more complex but a clear energy transfer was detected between
the testis weight and the accessory gland weight. 
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P64. Santos MB1,2, Pierce GJ1,2, Ross HM3, Reid RJ3, Patterson, AIP3, López A4 and
Cedeira J4

1. School of Biological Sciences, University of Aberdeen, Tillydrone Avenue, Aberdeen, AB24 2TZ, UK. 2. Instituto
Español de Oceanografía, Cabo Estay, Canido, P.O. Box 1552, 36200, Vigo, Spain. 3. SAC Veterinary Services, Drum-
mondhill, Stratherrick Road, Inverness, IV24JZ, UK. 4. CEMMA Apdo. 15, 36380 Gondomar, Pontevedra, Spain

Cephalopods in the diet of Risso´s dolphin and long-finned pilot whale from the
Scottish and Galician coasts. During 1991-2004, we analysed stomach contents of 11 Risso’s dol-
phins (Grampus griseus) and 6 long-finned pilot whales (Globicephalus melas) stranded on the Scottish
coast, as well as 16 Risso’s dolphins and 21 long-finned pilot whales from the Galician coast. Here we
summarise these unpublished data, comparing feeding niches of the two species in terms of the species
and size of prey eaten, and comparing our results with dietary data on the same species from other parts
of Europe. Both species feed primarily on octopods and ommastrephid squids. The diets of the two
species in Scotland consisted almost exclusively of cephalopods; ommastrephid squid in pilot whales
and octopus (Eledone cirrhosa) in Risso’s dolphin, in which octopus make up almost 90% of the diet. In
Galicia, pilot whales had eaten mainly the octopuses Eledone cirrhosa and Octopus vulgaris, with om-
mastrephid squid being the third most important prey category. Octopus vulgaris, a species that is absent
from Scottish waters was the main prey of Risso’s dolphin, making up over 80% of the diet. Pilot whales
have a broader diet than Risso’s dolphins, including some fish: remains of gadid fishes were present in
pilot whale stomachs from both areas. There is a higher degree of feeding niche overlap between these
species in Scotland than in Galicia, reflecting the more diverse diet found in the animals from Galicia. In
Galicia, Risso´s dolphins and pilot whales exploit the same sizes of Eledone which are taken by Risso´s
dolphins in Scotland. 

P65. Sato N1, Kasugai T2 and Munehara H3

1. Division of Biosphere Science, Graduate School of Environmental Science, Hokkaido University, Kita-ku, Sapporo,
Hokkaido 060-0810, Japan. e-mail: norico@fish.hokudai.ac.jp 2. Port of Nagoya Public Aquarium, Nagoya, 455-0033,
Japan. e-mail: t-kasugai@nagoyaminato.or.jp 3. Usujiri Fisheries Station, Field Science Center for Northern Biosphere,
Hokkaido University, 152 Usujiri, Hakodate, Hokkaido 041-1613, Japan.

Structure of the female seminal receptacle in the Japanese pygmy squid Idiosepius
paradoxus. Sperm transfer method and the number and location of the female seminal receptacle di-
verse among squid species. This diversity can be partly explained by variations in the intensity of post-
copulatory sexual selection such as sperm competition or cryptic female choice. There have been,
however, few histological studies of the female seminal receptacle in squids. In the present study, we
examined histologically the structure of the seminal receptacle in the Japanese pygmy squid Idiosepius
paradoxus. Seminal receptacle was located at the ventral portion of the buccal membrane surrounding
buccal mass. The opening was located between bucccal membrane and buccal mass. The inner part of
the seminal receptacle branched six sacs and it’s shape looked like a bunch of banana. The epitheliums
of the seminal receptacle surrounded by muscle tissue were lined with numerous cilia goblet cells. The
goblet cells distributed in the back region but not in the front region. Sperm head in the seminal recep-
tacle faced toward the epithelium. We discuss the role of the seminal receptacle of this species in com-
parison with other squids.

P66. Schroeder R and Perez JAA
Centro de Ciências Tecnológicas da Terra e do Mar (CTTMar). Universidade do Vale do Itajaí, Itajaí, Brasil.

The study of the growth of Illex argentinus (Mollusca: Cephalopoda) in southern-
south Brazil reconstructed from the gladius microstructure. The gladius of Illex argentinus
were analyzed in 879 specimens collected in 2001-2002 in Brazilian waters between 23-32oS, at depths of
80-730 m in order to determine its intra-specific growth variability. Growth increments measured on the
gladius were smoothed by a low-pass filter. Size-dependent growth curves were reconstructed for males
and females captured within the 4th trimester of 2001 (4thT), 1thT, 2thT and 3thT of 2002 calculating the
mean growth rate per 1 mm of the gladius length. Another study, using the statoliths of the same spec-
imens, revealed that their life span was about 6-7 months. Homogeneity of slopes test applied between
growth curves reconstructed showed significant differences. Absolute growth rate was higher in squids
captured during 3thT followed by 1thT, 4thT and 2ndT. During the 3thT, two spawning groups were previ-
ously suggested to occur in southern-south Brazil, a smaller one 3thTSG and a group with larger size
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3thTLG, that is supposed to be a migratory group from Argentinean waters. The absolute growth rate of
the 3TLG was higher than 3TSG. This variability could be explained by the oceanography processes dur-
ing their juvenile exponential growth phase. During the 4thT Ekman transport spread paralarva offshore,
while in 2thT and 3thT its retention over the continental shelf was favored where food is abundant. In the
1thT the 3TSG was subjected to upwelling events on the continental shelf and shelf break provided by
favorable northeast winds upwelling and the 3TLG experienced the nutrient enriched Plata-river-plume-
waters achieving faster growth rates than 3TSG. 

P67. Schwarz R and Perez JAA
Centro de Ciências Tecnológicas da Terra e do Mar (CTTMar). Universidade do Vale do Itajaí, Itajaí, Brasil.

Age and growth of short-finned squid Illex argentinus (Cephalopoda: Ommastrephi-
dae) in southern Brazil using statoliths. Statoliths of Illex argentinus were analyzed in 689 spec-
imens collected by national and chartered fishing trawlers in Brazilian waters between 23-32oS, at depths
of 80-730 m between 2001-2008 year in order to determine age, growth rates and intraspecific structure
of the species caught in this region. Size-at-age data were fitted using the exponential, power, Gompertz
and Schnute as growth models and the logistic model for maturity modeling. They were fitted using the
maximum likelihood for estimation and Akaike weights for identification. Mantle length range used
was 35-376 mm with age range estimates between 56-320 days. The best growth model identified was
Gompertz for females and Schnute for males. Back-calculate estimative for the hatchlings show that the
majority of birth dates occur in summer months for the spawning squid caught in winter and in last au-
tumn-winter for spring and summer caught squid. The average duration of paralarval phase based on
statolith post nuclear zone was 30 days. The inflection point in the maturity curve was 144 days for males
and 142 days for females. The age range for post spawning squid was 116-250 (average 187) days for
males and 133-280 (average 201) days for females showing a life cycle close to six months. None indi-
vidual presented the age of one year. The wide range of age structure have demonstrated that Illex ar-
gentinus exhibits at least two spawning groups inhabiting southern Brazilian waters with a possible local
population with shorter life cycle than for the species in its southward distribution (42-54o S) 

P68. Seibel BA
Biological Sciences, University of Rhode Island, Kingston, RI 02881.

Oxygen transport in Dosidicus gigas: implications for life in a high CO2 ocean. Do-
sidicus gigas is a large predator endemic to the Eastern Tropical Pacific. It migrates vertically on a diel
basis between warm, oxygenated surface waters and colder waters at depth that are hypoxic. A respira-
tory protein with a high affinity for oxygen and a pronounced pH- and temperature-sensitivity of oxygen
binding plays an important role in facilitating oxygen transport across these disparate environmental
conditions. A critical partial pressure is not reached until about 175 meters depth where the blood
achieves only 50% hemocyanin-oxygen saturation. D. gigas is capable of achieving 90% oxygen saturation
of its blood at depths shallower than ~120 meters, where seawater is at least 20% saturated with oxygen.
However, the high pH-sensitivity that allows release of oxygen at the tissues from such a high affinity
respiratory protein may impair oxygen uptake at the gills as anthropogenic carbon dioxide diffuses into
surface waters causing ocean acidification. 

P69. Seixas S1, Faria MJ2, Ferreira AM2 and Pierce G J 3

1. Universidade Aberta, Rua Escola Politécnica, 147,1269-001 Lisboa, Portugal, 2. Agência Cascais Atlântica, Estrada
de Manique, 1830, 2645-550 Alcabideche, Portugal. 3. School of Biological Sciences, University of Aberdeen, Tilly-
drone Avenue, Aberdeen AB24 2TZ, U.K. 

Temporal variation in element concentrations in arms of the common octopus (Oc-
topus vulgaris) We investigated temporal patterns in the concentrations of iron, manganese, copper,
zinc, calcium, potassium, arsenic and selenium in the arms of Octopus vulgaris, based on animals from
the commercial fishery in winter and spring, in 2000 and 2008 from Cascais (Portugal). Element concen-
trations were measured using Particle Induced X-ray Emission (PIXE) and Atomic Absorption Spec-
trometry (AAS) in 2000 and 2008 respectively. We analyzed differences between years, seasons and sexes
and correlations between metal concentrations and indicators of body size (weight, length) and maturity,
using redundancy analysis, ANOVA and correlation analysis. RDA analysis reveals that concentrations
of elements were affected by years and seasons but not by biological variables. ANOVA revealed t sig-
nificant differences between years for Fe, Cu, Zn, K and Se and between seasons for Fe, Mn and Zn. Ca
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and K concentration was negatively related to body size. Results suggest that octopus can be a useful
bioindicator of seasonal and annual variation in environmental pollution.

P70. Sendão J and Borges TC
1. Universidade do Algarve - Centro de Ciências do Mar (CCMAR). Campus Gambelas, 8005-139 Faro, Portugal.

The Portuguese Teuthofauna: a review. Only a small number of cephalopods species are utilized
as living resources and are fished commercially. Many others are caught accidentally being landed as
marketable by-catch and/or discarded at sea as by-catch of major offshore fisheries that target more
valuable marine organisms. This fact limits the access to information of those species and their biology.
The aim of the present study is to present a review of the teuthofauna inhabting the Portuguese Conti-
nental Shelf. This work is to the best of our knowledge, one of the firsts and more complete list of the
cephalopods that were recorded in the Portuguese Coast. A total of 56 different species belonging to 22
families were caught and identified either as adult living form (39), paralarvae (13) or by the beaks in
stomachs of predators (4). This number represents about 7.2% of the world teuthofauna.

P71. Sendão J, Calixto P and Borges TC
Universidade do Algarve - Centro de Ciências do Mar (CCMAR). Campus Gambelas, 8005-139 Faro, Portugal.

Behaviour of the common octopus (Octopus vulgaris) towards entrapment fishing
gears: clay and plastic pots (“alcatruzes”) and iron traps (“covos”) The most efficient fish-
ing gear takes into account the behaviour of the target species. Traps are devices designed to encourage
the entry of animals, which are then prevented from escaping either by particular aspects of their be-
haviour or by the design of the trap itself. The traditional southern European octopus traps are made
simply from clay pots (“alcatruzes”) hung from a line set along the sea floor. More recently vinyl chloride
has been used as material for octopus pots (plastic pots) replacing the traditional clay pots. As the animal
entering such a trap is territorial and prevents the entry of other individuals, a large number of small
traps must be set in order to make a commercially viable catch. The principle of baited traps is that ani-
mals, attracted to the bait, enter the trap through tapered openings from which it is difficult to escape.
Traditional baited traps called “covos” (here called “iron traps”) have been used to catch cuttlefish (and
species of crustaceans) and more recently in Portugal have been used to also catch octopus. Different
behaviour aspects of the common octopus (Octopus vulgaris) have been observed towards the fishing
gears pots (“alcatruzes”) and iron traps (“covos”). Variables like different material (clay and plastic)
shape and colour (black, white and red) have been introduced in the pots to understand possible pref-
erences. Specific behavioural aspects towards the iron traps have also been registered by video camera,
showing that octopus is entrapped due to the attraction by the bait, but he is also able to leave if wanted. 

P72. Silva L, Vila Y, Sobrino I, Torres MA and Acosta JJ
Instituto Español de Oceanografía. Centro Oceanográfico de Cádiz. Puerto Pesquero, Muelle de levante s/n 11006
Cádiz Spain E-mail: luis.silva@cd.ieo.es

Abundance, distribution and assemblages of cephalopod species in the Gulf of Cadiz
(SW Spain) The cephalopod fauna caught in ARSA bottom trawl surveys carried out in two different
seasons (autumn and spring) on the Spanish waters of the Gulf of Cádiz was analysed. The main objective
of this study is to present information about the bathymetric distribution, inter-annual and seasonal pat-
terns, and structure of the cephalopod assemblages in the Gulf of Cádiz. The analysed period was from
2004 to 2008 with a total of 393 hauls. A random stratified sampling design was applied using five depth
strata.A total of 36 cephalopod species belonging to 4 families were found at depths between 20 and 700
m. To identify different assemblages cluster analysis and multidimensional scaling (MDS) ordination
were applied using the Bray-Curtis index as the similarity coefficient. The preliminary results obtained
show the existence of two main assemblages: Assemblage 1 that includes species distributed from 20 to
220 m corresponding to the shelf-edge/upper slope, and Assemblage 2 composed by species distributed
between 220 and 700 m related to the middle slope. Similarity percentage analysis (SIMPER) revealed
that Alloteuthis media, Octopus vulgaris, Loligo vulgaris, and Sepia elegans were the main indicator species
which characterised the Assemblage 1 and Seppieta oweniana, Eledone cirrhosa and Todaropsis eblanae in As-
semblage 2. There were not found major seasonal differences in the species composition for both assem-
blages throughout the analysed period. However, it is possible to identify two groupings within
Assemblage 1 in autumn related with the depth. Some ecological parameters were applied for each group.
The Shannon-Wiener diversity index (H’) shows highest values in the shelf community.
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P73. Song H1, Kim S2 and Sakurai Y1

1. Graduate School of Fisheries Sciences, Hokkaido University, Minatocho 3-1-1, 041-8611, Japan 2. Department of
Marine Biology, Pukyong National University, Busan, 608-737, Republic of Korea

Diets of common squid (Todarodes pacificus) larvae and juveniles in Korean waters.
Stomach contents of common squid larvae and juveniles were examined to investigate the prey items
and feeding behavior. Totals of 262 juveniles were collected using trawl off the southeastern coastal area
of the Korean Peninsula during April-June, 2005 and size range of juvenile was 20-120 mm mantle length
(ML), and 131 individuals (50 %) were empty. Large portion of stomach contents consisted of fish,
cephalopod, and crustacean. The proportion of crustacean occupied larger and the stomach contents
index seemed to be higher than adult one. Totals of 153 larvae were collected using MOCNESS in the
northeastern East China Sea in April 1999, and size range of larvae examined was 1.25-17.36 mm ML.
The minimum size of observed prey item in the stomach was 1.65 mm ML. Stomach contents of larvae
consisted of zooplankton such as copepod, ostracod and crustacean egg, and we found 113 individuals
zooplankton from the 54 larval stomachs. Copepod was the major prey item, especially, Paracalanus
parvus s. l., Oncaea venusta and Corychaeus affinis were dominant species. Feeding activity was steadily
increased with size, but composition of prey organisms was simplified with size. Larvae examined
seemed to have more feeding in night than daytime.

P74. Tsuchiya K1, Sakai M2, Ivanovic M3 and Brunetti N3

1. Tokyo University of Marine Science and Technology, Tokyo, Japan. 2. Far Seas National Fisheries Research Ins-
titute, Yokohama, Japan. 3. Instituto Nacional de Investigación y Desarrollo Pesquero, Mar del Plata, Argentina

Distribution of epipelagic cephalopods in the transitional waters off Argentina. More than
27 species in 14 families of epipelagic cephalopods were recorded from the surface waters up to 30m
deep in the transition waters off Argentina, with the pelagic trawl in 43 stations by R/V Kaiyo-Maru,
Fishery Agency of Japan, in the cruise for Illex argentinus recruitment survey, 2005. Most of the specimens
collected were immature or juvenile. Most abundant species except for I. argentinus is Lycoteuthis diadema
(25% in number), following Onychoteuthis banksi species complex (21%), Notonykia? sp. (12%), which
three groups shared more than 50% of total occurred cephalopods in number. Most widely distributed
species except for I. argentinus is L. diadema (17 stations), following Onychteuthis complex (16 st.),
Notonykia? sp. (16 st.), Phollidoteuthis massyae (15 st.) mostly according with abundance. From the corre-
lation of areal distributiom pattern and SST, cephalopod species were classified into three groups, “warm
water” (e.g. Abraliopsis gilchristi), “transition” (e.g. L. diadema), and “cold water” (e.g. P. massyae). In the
area with distinct SST front, it was recognized the clear replacement of L. diadema and P. massyae. Areal
distribution of cephalopod species with SST and some information from life history were discussed.

P75. van Gelderen R1,2, Alexander Ch 1 and Moltschaniwskyj N 2

1. School of Marine Biology and Aquaculture, James Cook University, Townsville, 4810. Email:
rvangeld@utas.edu.au 2. School of Aquaculture, University of Tasmania, Launceston, 7250. 

The respiratory and circulatory systems of the small tropical sepoid squid Idiosepius
pygmaeus: towards an explanation of non-asymptotic growth. An ongoing debate in
cephalopod biology is the absence of a substantial period of asymptotic growth during the adult phase.
Arguments are based upon morphological constraints and metabolic requirements. Given the same phys-
iological limitations as fish, it is expected that squid should have the same limitations of size and hence
a similar shape to the growth curve. However, squid and fish, while sharing the same environment, do
not share structural similarities. Using Idiosepius pygmaeus as a model, the circulatory systems were ex-
amined and estimates of the surface area of the gills were made using stereological methods. The ability
of I. pygmaeus to maintain a high metabolism is met by a closed and efficient circulatory system with a
high cardiac output, and a virtually unlimited supply of oxygen to the body tissues due to a large gill
surface area that increases throughout life. Therefore, morphological differences between squid and fish
support observed differences in the shape of the growth curves.

P76. Vidal EAV1 and Haimovici M2

1. Centro de Estudos do Mar. Universidade Federal do Paraná. Cx. Postal 50.002. Pontal do Paraná – PR. 83.255.000.
Brazil. 2. Instituto Oceanográfico. Fundação Universidade Federal do Rio Grande. Rio Grande – RS. 96.201.900.
Brazil.
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Distribution of paralarval and juvenile cephalopods in relation to the primary pro-
duction in an upwelling region off southern Brazil. This study examines the distribution of
paralarval and juvenile cephalopod collected during spring of 1989 by the R/V Meteor in the continental
shelf off Santa Marta Grande Cape in Southern Brazil (28° 09’ S-29° 56’S). Forty samples were collected
with an 8 m2 rectangular mid-water trawl net. An intrusion of Tropical Water from the Brazil Current
(22°C; 36.5) was recorded between 20-40 m, separating warm and less saline water (22°C; 35.2) from
colder and saline water (15°C; 36.4). But, prevailing NE winds led to the upwelling of Subtropical Water
over the shelf. Three species represented 99% of the 628 cephalopods collected: Illex argentinus (n=540;
4-40 mm mantle length (ML), with the highest density (8.6 squid 100m-3) recorded at a station with
marked pycnocline and Chl-a maxima (6.0 mg m-3); Argonauta nodosa (n=46; 2-19 mm ML) and Loligo
sanpaulensis (n=42, 2-21 mm ML) were only collected at stations with pycnoclines. Thus, no catches were
observed where the water column was homogeneous. The relationship between productivity, pycnocline
intensity and abundance of small cephalopods suggests that, during the upwelling season, this coastal
region offers suitable conditions for growth of paralarvae and juveniles of the mentioned species.

P77. Vila Y, Silva L, Torres MA and Sobrino I
Instituto Español de Oceanografía, Centro Oceanográfico de Cádiz. Puerto Pesquero, Muelle de Levante s/n. 11006
Cádiz, Spain

Fishery and biological aspects of Loligo vulgaris in the Gulf of Cadiz (ICES IXa
South) Squid (Loligo vulgaris) in the Gulf of Cadiz is caught by a mixed fishery targeted by the bottom
trawl fleet with a clearly seasonal pattern. This fleet accounts 99% of the total catch landed although 1%
is caught by artisanal fleet. The higher landings have been observed from August to November. The an-
nual landings average was 298 t (2000-2007), ranged between 500 t in 2001 and 158 t in 2007. Squids ac-
count 2.6 % of the total bottom trawl landings in the area. The species is distributed mainly in the
continental shelf, ranging between 30 to 250 m depth. Yields of Loligo vulgaris were estimated from the
yearly ARSA bottom trawl surveys data information carried out in the Gulf of Cadiz in spring and au-
tumn. This survey is seasonal (spring and autumn). Abundance data from the surveys showed higher
values in autumn. The spatial distribution showed patches in this season along the continental shelf.
Squids show a long reproductive period with mature females along the year. The higher values were
recorded in Autumn-Winter with peaks in April and July. This pattern has been observed in others
species of cephalopods in the same area. The first mature length was 18.9 cm and 16.3 cm for females
and males, respectively. This difference is also observed in populations in closed areas. Loligo vulgaris
has a positive allometric growth, higher in males.The diet of the squid Loligo vulgaris was studied from
stomach contents. The stomachs were collected in the ARSA scientific surveys. Fishes were the main
component of the diet. Cephalopods and Crustaceans were also presented in the diet of Loligo vulgaris. 

P78. Villa EC and Ruiz-Cooley RI
Department of Biology, New Mexico State University, MSC 3AF, Las Cruces, NM, USA

Stable isotope analysis along beak and gladius of Architeuthis spp to construct
trophic variability. Stable isotopes of carbon (C) and nitrogen (N) in muscle, beak and gladius tissues
have been useful to investigate feeding aspects of cephalopods since they reflect an average assimilated
diet. In this study, tissue samples were recovered from a Architeuthis spp. of 168.5cm dorsal MANTLE
length found floating near the Monterrey Canyon, California in 2008. We measured. We measured δ13C
and δ15N values from subsections along beak and gladius to investigate its feeding variability. We hy-
pothesized that Architeuthis would have higher isotopic values as it increased in size. This has been pre-
viously observed in Dosidicus gigas and relates to ontogenic shifts in diet. Our results revealed that δ15N
patterns from both gladius and beak are similar. However, unexpectedly, we observed that δ15N from
both beak and gladius sections increased from smaller to medium size sections, and then dropped dra-
matically as it became larger. This variability is not consistent with the positive correlation observed in
D.gigas gladius length. Within beak we found variations of 4ppm in nitrogen but not for carbon. The re-
sults of this study propose that δ13C and δ15N along beak and gladius of Architeuthis spp can be useful
to reconstruct feeding variability, but a larger sample size is needed to compare data. Here, for first time,
we present the first stable isotope data from Architeuthis spp and show how this method along gladius
can also be applied to beak. We also discuss the advantages and disadvantages of using either beak or
gladius. 
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P79. Wakabayashi T1, Sakai M1, Brunetii N2, Ivanovic M2 and Chow S3

1. National Research Institute of Far Seas Fisheries. Yokohama, Kanagawa, Japan. 2. Institute Nacional de Investi-
gacion y Desarrollo Pesquero. Mar del Plata, Argentina. 3. National Research Institute of Fisheries Science, Yokosuka,
Kanagawa, Japan.

Individual identification of spermatophores implanted in the mantle cavity of fe-
male Illex argentinus using microsatellite DNA markers. The family Ommastrephidae is
distributed worldwide and includes neritic, nerito-oceanic, and oceanic species. During the breeding
season, the frequency of copulation is affected by habitat and resource density, especially for oceanic
and nerito-oceanic species. We assumed that the frequency of copulation by ommastrephid squids (i.e.,
the number of males copulating with each female) depends on the resource density. To confirm this hy-
pothesis, we estimated the frequency of copulation by identifying each spermatophore implanted in sin-
gle female using microsatellite DNA markers. In Illex, males attach spermatophores to the mantle cavity
of a female near the oviduct openings, and it is easy to distinguish the sperm masses attached by different
males. Fifty female I. argentinus collected post-copulation in February 1996, January-March 1998, and
September-October 2005 were examined. Among the samples collected between 1996 and 1998, several
sperm masses were implanted near the oviduct openings by multiple males, suggesting a close connec-
tion between reproductive success and the implantation of spermatophores near oviduct openings. The
average number of mating males per female in 1996, 1998, and 2005 was 2.93, 2.56, and 1.44, respectively.

P80. Wangvoralak S, Pierce GJ and Hastie LC
School of Biological Sciences (Zoology), University of Aberdeen, Tillydrone Avenue, Aberdeen AB24 2TZ, UK 

Diet variability of Loligo forbesi Streenstrup in Scottish waters over the last 15 years.
In a study on the diet of the squid, Loligo forbesi, to assess factors affecting variation in diet composition
and prey size preference, 360 stomach contents samples from commercial trawler landings in the Scottish
port from July 2006 until June 2007 were examined. Based on identification of hard parts of prey, the
major groups of prey of Loligo forbesi were fish (96% frequency of occurrence overall), crustaceans (29%),
and cephalopods (11%). Crustaceans were the primary food source for smaller squids, with lower oc-
currence in the larger squids. Teleost fish of the families Ammodytidae and Gobiidae were found in the
stomachs of a wide-range of squid sizes (75-354 mm ML), whilst Gadidae were often found in larger
squids (>145 mm ML). Data on Loligo forbesi diet during 1990-1992 were re-analysed, and it was found
that there were regional differences in prey size preference. Comparing to previous data in the same
area and season from 1990-1992, there was little change in dominant species, but the average size of fish
prey, especially sandeels, has declined. Predator size, season, and prey type appeared to be the most im-
portant factors influencing prey abundance and prey size preference of Loligo forbesi in Scottish waters. 

P81. Yi-Hsin Lee1, Hong-Young Yan2 and Chuan-Chin Chiao1

1. Institute of Molecular Medicine, National Tsing Hua University, Taiwan. 2. Institute of Cellular and Organismic
Biology, Academia Sinica, Taiwan.

Early visual experience affects the background preference in cuttlefish, Sepia pharao-
nis. Cuttlefish are benthic cephalopods. Although cuttlefish are capable of showing diverse camouflage
patterns against a variety of background substrates, whether cuttlefish have innate background prefer-
ence given the choice of substrates is not known. In the present study, we examined if the background
preference of cuttlefish is modulated by the early exposure of visual environments. Three rearing back-
grounds (enriched, checkerboard, and uniform gray) were used to raise cuttlefish from hatchlings to 12
weeks of age. Another two groups were kept in a uniform background, and only exposed briefly to a
checkerboard background in week 4 for either 30 minutes or 3 hours, then tested in week 8. Four two-
background-choice experiments were performed from 4 to 12 weeks to determine their background pref-
erences. In each experiment, two backgrounds were presented side-by-side for cuttlefish to choose from.
Preference of contrast, shape, size and left-right were tested. The results showed that most cuttlefish pre-
fer high contrast background over low contrast one. Interestingly, cuttlefish reared in a uniform gray
background preferred low contrast background when tested in week 8. Furthermore, cuttlefish that
briefly exposed in a checkerboard background showed altered background preference, an indication of
visual-experience dependence. Cuttlefish also showed a shift of size preference from large objects to
small ones, suggesting a size-constancy perception throughout development. No apparent preference
of shape and left-right in cuttlefish was found. These results indicate that early visual experience plays
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a significant role in cuttlefish’s background preference. This finding also implies that habitat choice of
adult cuttlefish could be influenced by their early visual environments. 

P.82. Roper C F E1, Hochber FG2 and Mangold K M†

1Department of Invertebrate Zoology – Mollusks National Museum of Natural History Smithsonian Institution
Washington, DC 20560-0118 USA, 2Department Invertebrate Zoology Santa Barbara Museum of Natural History
Santa Barbara, CA 93105-2936 USA. †Deceased formerly of the Laboratoire Arago  Observatoire Oceanologique de
Banyuls Universite Pierre & Marie Curie 66650 Banyuls-sur-Mer, France.

New Data on the Morphology, Taxonomy and Natural History of Aphrodoctopus
schultzei (Hoyle, 1910) (Cephalopoda: Octopodidae)
The taxonomy and descriptive characters of Aphrodoctopus schultzei are reevaluated based on exami-
nation of new material.  Results of both morphological and molecular studies indicate that Aphrodoc-
topus Roper & Mangold, 1992 is a junior synonym and should be transferred to the genus Eledone. The
species schultzei, described by Hoyle in 1910, is a senior synonym of the following nominate taxa: Ele-
done nigra (Hoyle, 1910), E. carlgreni Thore, 1945, E. thysanophora Voss, 1962, and Eledone sp. Voss,
1962. Eledone schultzei currently is known to occur in temperate waters in the southeastern Atlantic
Ocean where it is distributed from Namibia (25ºS, 15ºE) to South Africa (34ºS, 24ºE).  The species is com-
mon in rocky intertidal and shallow subtidal areas.  

P83. Bruno I Pierce GJ and Costas G
Instituto Español de Oceanografía (IEO). Vigo, Spain

Analysis of spatiotemporal patterns in landings and size distribution of ommas-
trephid squid in Galician waters. The fishery for short finned squid (Family Ommastrephidae)
in Northern Iberian Peninsula waters mainly takes two species: Illex coindetii (Vérany, 1839) and Todarop-
sis eblanae (Ball, 1841). These squids are a relatively important fishing resource and represent about 18%
of cephalopod landings on the North Spanish coast. The trawling fleet (Spanish bottom trawl and pair
trawl) is responsible for 96% of the short-finned squid landings in the study area. The present study
aims to obtain information on interannual and seasonal changes in short-finned squid landings and on
the life-cycle. We analyse CPUE, size distribution and the relative importance of the two species in rela-
tion to year, month, area, gear-type, and examine whether interannual trends can be related to contem-
porary or time-lagged SST anomalies or an upwelling index. 

P84. Cuccu D1, Mereu M1, Masala P1, Cau A1 and Jereb P2

1. Dipartimento di Biologia Animale ed Ecologia. University of Cagliari. Via Tommaso Fiorelli 1, 09126 Cagliari,
Italy.
2. ISPRA ex-ICRAM, via di Casalotti 300, 00166 Roma, Italy.

Male reproductive system in Neorossia caroli (Joubin, 1902) (Cephalopoda: Sepiol-
idae) from the Sardinian waters (western Mediterranean Sea)
The male reproductive system of the bobtail squid Neorossia caroli (Cephalopoda: Sepiolidae) is described
in details for the first time, basing on 90 mature males caught from 500 to 1600 meters in the Sardinian
waters (western Mediterranean Sea). Up to 83 spermatophores were found inside the Needham‘s Sac.
Medium spermatophore length was 16.7 mm. Sperm mass, cement body and ejaculatory apparatus rep-
resented  52.4%, 29.3% and 29.7%, respectively, of the total spermatophore length. Empty sper-
matophores, spermatophore sheaths and spermatangia also were found in the sac and are described.
Spermatangia implanted in several parts of males body (e.g. head, funnel and eyes) were recorded and
their occurrence is discussed. The spermatophoric reaction was induced in the laboratory by submerging
spermatophores in seawater and it is described.
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P85. Trujillo EE1, Moltschaniwskyj N2, Katugin ON3, and Nishiguchi MK1

1. Department of Biology, New Mexico State University, Las Cruces, New Mexico, USA 88001-8003

2. School of Aquaculture, Tasmanian Aquaculture and Fisheries Institute, University of Tasmania, Locked Box 1370,
Launceston, Tasmania, Australia 7250

3. Pacific Research Fisheries Centre (TINRO-Centre), 4 Shevchenko Alley, Vladivostok, Russia 690950

Molecular evolution in the family Gonatidae (Cephalopoda: Teuthida) inferred from
three mitochondrial loci 
Squid of the family Gonatidae are widely distributed in subpolar and temperate waters, and are ecolog-
ically valuable members of pelagic oceanic communities. These squid exhibit variable patterns in mor-
phology, ecology and reproductive behavior. The systematics of the Gonatidae is in the state of flux, and
evolutionary relationships within the family are still to be revealed. Three mitochondrial loci (12S rRNA,
16S rRNA, and cytochrome c oxidase subunit I-COI) were analyzed to study molecular relationships
among the Gonatidae, represented by 14 taxa: 12 nominal species (Berryteuthis magister, Okutania anony-
cha, Boreoteuthis borealis, Gonatopsis octopedatus, Gonatopsis japonicus, Gonatus fabricii, Gonatus antarcticus,
Gonatus madokai, Gonatus kamtschaticus, Gonatus pyros, Gonatus tinro, Gonatus onyx), and two presumably
new species (Boreoteuthis sp., Gonatus sp.). Six more species of other cephalopod families and orders were
used as outgroups: three species of the order Teuthida (Todarodes pacificus, Architeuthis dux, Loligo pealei),
one species from the order Sepiolida (Sepiola affinis), one species from the order Vampyromorphida
(Vampyroteuthis infernalis) and one species from the order Nautilida (Nautilus pompilius). Using a parsi-
mony-based approach (POY-Phylogenetic analysis of DNA and other data using dynamic homology),
the total evidence from all three molecules (12S rRNA, 16S rRNA, and COI) provides good resolution
for the Gonatidae, and discriminates B.magister, which possesses plesiomorphic features from other go-
natid squid represented in our phylogenetic analysis.

P86. Williamson JE1 , Semmens JM2, Norman MD3, and McBride C1

Macquarie University, Sydney, Australia 
Marine Research Laboratories, Tasmanian Aquaculture and Fisheries Institute, University of Tasmania, Australia
Museum Victoria, Melbourne, Australia

Observed grouping behaviour in the mourning cuttlefish Sepia plangon: evidence
of social interactions?
The formation of aggregations is widespread amongst the animal kingdom and can have key implications
for population dynamics and habitat utilisation. Gregariousness is an important component in the develop-
ment of social behaviour as it provides a framework for individuals to interact. The level of social organisation
within a group is governed by the function of such aggregative behaviour. Group formation may develop to
counteract physiological stresses or may be due to direct attraction to conspecifics. Cephalopods, an important
group of animals to all marine ecosystems, whilst thought to show little or no social organisation exhibit an
array of behavioural patterns ranging from the solitary octopus to the shoaling squid. Current literature re-
mains ambiguous about the level of social organisation displayed by cuttlefish, suggesting that most species
are solitary for much of their lives with the formation of loose aggregations occurring during their peak re-
productive period. Sepia plangon is a small coastal species of cuttlefish found in large abundances in estuaries
along the east coast of Australia, in particular, Sydney Harbour. Unusually, this species can be found in small
aggregations consistently throughout the year. The function of these aggregations for the life history strategy
and social organisation of this species is unknown. A series of field studies on SCUBA and laboratory exper-
iments were undertaken to determine the influence that reproductive biology, habitat selection and individual
movements play in the formation of groups and the development of social organisation. 

P87. Judkins H. L
College of Marine Science, University of South Florida, 140 7th Ave South St. Petersburg, Fl 33701, (727)553-1130

Judkins@mail.usf.edu

Cephalopods of the broad caribbean sea:  distribution, abundance, and ecological im-
portance. The cephalopods of the Broad Caribbean were examined in terms of distribution, abundance,
and ecological importance.  A suite of 5190 preserved cephalopod specimens were identified and catalogued
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to produce regional maps of cephalopod distribution within the Broad Caribbean.  Eighteen range extensions
were noted for known species.  Regional species richness was examined with respect to Rapoport’s Rule with
an eye toward possible cephalopod hotspots in the region.  Cephalopods of the Broad Caribbean within the
latitudinal bands of 8˚N and 30˚N do not follow Rapoport’s Rule as they exhibit increasing species richness
with increasing latitude.  Eight subareas were chosen to compare species richness and regionally, species
richness is patchy, with the largest concentration of cephalopods off the eastern Florida coast.  Areas of the
southern Caribbean Sea are in need of more samples for accurate assemblage counts and more meaningful
comparisons with other Caribbean regions.  Rarefaction curves were used to normalize the variously sized
samples throughout the Broad Caribbean.  A checklist of the Gulf of Mexico based on literature developed a
picture for the northern regions of the Broad Caribbean.  This checklist provided a basis for current compar-
isons of cephalopod taxonomy.  Lastly, the first observation in the North Atlantic Ocean of the deep-sea squid
Asperoteuthis acanthoderma (family Chiroteuthidae) is reported here.  The description is based on two nearly
intact, but damaged, specimens that were found floating at the surface in the waters off Key West and
Marathon, Florida in 2007.  All previously known records are recorded from a few specimens scattered in
the western Pacific Ocean.  There is a need for increased sampling throughout the Broad Caribbean to explore
the systematics, life histories, distribution patterns, and potential fisheries for this group of organisms.

P88. Estefanell J1, Socorro J1,2, Roo J1, Fernández- Palacios H1, Izquierdo M1.
1 Grupo de Investigación en Acuicultura (ICCM & ULPGC). Instituto Canario de Ciencias Marinas. Muelle de Tal-
iarte, s/n. 35200, Telde, Las Palmas (España). Teléfono: 928 132900. Fax: 928 132908. Email:   2 IES Marítimo Pesquero
de Las Palmas. Simón Bolívar, 15. E-35007, Las Palmas de Gran Canaria.

Evaluation of sexual maturation in Octopus vulgaris (Cuvier, 1797): comparison between
reared and wild animals. The aim of the present work is to determine sexual maturation of common
octopus under local culture condition in Las Palmas (Canary Islands, Spain). To evaluate this, 2 experi-
ments were carried out simultaneously, one in tanks and another one in off-shore cages. Twenty octo-
puses (10 males and 10 females) were kept separately in 4 tanks, a duplicate of 5 octopuses per sex. At
the same time, a duplicate of 40 octopuses of similar weight (sex ratio 5:1) were placed in off-shore cages.
The trials started in November and lasted 3 months. Ten octopuses were taken every 30 days from tanks
and from the cages to evaluate sexual maturation index M (Guerra, 1978) and macroscopic maturation
(Dia and Goutschine, 1990). Eleven wild males were collected in December and January to evaluate same
parameters. Wild and reared males were mature in all cases while 40% of females kept in tanks in De-
cember were still immature. It was concluded that the presence of males and females under culture con-
ditions may promote sexual maturation in females.

P89. Dorey N1,2, Martin S2, Melzner F3, Oberhänsli F2, Teyssié J-L2, Jeffree R2, Busta-
mante P1, Gattuso J-P 4 and Lacoue-Labarthe T1,2,4

1. Littoral, Environnement et Sociétés, CNRS - Université de La Rochelle, France 2. Marine Environmental Labora-
tories, International Atomic Energy Agency, Principality of Monaco 3. IFM-GEOMAR Leibniz-Institute of Marine
Sciences, Kiel, Germany 4. Laboratoire d’Océanographie de Villefranche, CNRS-Université Paris VI, France

Impact of ocean acidification on calcification in early life stages of the common cut-
tlefish, Sepia officinalis. Increasing atmospheric CO2 concentration due to anthropogenic emissions
results in a rise in surface ocean pCO2 levels and is likely to decrease pH by 0.2-0.4 pH units by the end
of the century. This decreases the carbonate ion concentration and lowers the calcium carbonate satura-
tion of seawater, which would have major consequences on the calcification rates of most marine calci-
fying invertebrates and in particular during their sensitive early life stages. The cuttlefish develops an
internal aragonite bone during its last embryonic stages. This cuttlebone controls the buoyancy of the
juveniles. In this study, we investigated the effects of elevated pCO2 combine to elevated temperature
on the cuttlebone calcification during the early developmental stages. The incorporation of 45Ca was fol-
lowed during the whole egg development and the first two weeks of the juvenile stage in organisms
reared at normal pH (8.10) and at two lower pHs (7.85 and 7.60), and at two temperatures (16°C and
19°C). Proxies of basic metabolism such as egg, embryo and juvenile weights and respiration rates, and
egg perivitelline fluid pH, pCO2 and pO2 were measured to determine changes in physiological per-
formances. First results revealed that decreasing pH increased the egg weight at the end of the develop-
ment. Surprisingly, 45Ca activity in the cuttlebone of embryos was higher in eggs exposed to the two
lower pHs relative to those at normal pH, suggesting high physiological tolerance under high pCO2.
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P90. Argüelles J and Tafur R
Instituto del Mar del Perú, Esq. Gamarra y Gral. Valle s/n Chucuito, Callao, Peru.

Life history of Dosidicus gigas in the Humbolt Current System: size at maturity, so-
matic and reproductive investment. Like other squid species, D. gigas is short-lived with highly
labile populations that exhibit large annual fluctuations in abundance in response to environmental vari-
ability. In the Humboldt Current, this environmental variation is closely related to El Niño and La Niña
events, which affect the productivity of this upwelling area. Based on size at maturity, standardized
residuals of body weight–mantle length and gonad weight–mantle length from 1994-2006 in Peruvian
waters, in this paper we analyzed the size at maturity, somatic and reproductive investment. Significant
changes in size at maturity, reproductive and somatic condition were observed after 2000 in both females
and males. Large-sized mature squids were dominant from 2001 to 2006, while small-sized mature squid
were dominant before 2001.The former individuals appeared to be in better somatic condition, which
could be related to better environmental conditions. Reproductive investment was inversely proportional
to size-at-maturity, larger mature squid having lower levels of reproductive investment. We postulate
that productivity was the most important environmental factor that affected D. gigas maturity, growth
and reproduction, with increased productivity coinciding with cold waters masses abundance in Peru-
vian waters. Based on the relationship between size at maturity and abundance, it is proposed that den-
sity-dependence can play a role in determining the size-at-maturity.

P91. Briceño F1, Mascaró M2 and Rosas C2

1. Posgrado en Ciencias del Mar y Limnología, Universidad Nacional Autónoma de México. 2. Unidad Multidisci-
plinaria de Docencia e Investigación (UMDI), Facultad de Ciencias, Universidad Nacional Autónoma de México.
Puerto de abrigo s/n, Sisal (Yucatán). México.

Modeling the exponential growth in juvenile (siblings) of Octopus maya using
glmm:  is growth dependent on initial size? In most studies on cephalopod growth, initial size
variability is masked when assuming a similar “starting point” for all hatchlings, and/or growth rate
(GR) is obtained by modeling the average size of individuals through time. In addition, statistical inter-
pretations derived from these models are limited because regression assumptions, such as, homogeneity
of variance and independence, are frequently violated. Considering these limitations, we used general-
ized linear mixed modeling (GLMM) to analyze the early growth of two sets of siblings of the holobenthic
Octopus maya under controlled conditions. Our aims were to (i) determine the effect of initial weight
(IW) on the GR of individuals from three size categories (“small, medium and large”); and (ii) obtain
statistically reliable estimates of parameters in an exponential growth model for juveniles up to 105 days
old. Methods consisted on adjusting linear models between (i) IW and final weight (FW) for octopus in
all size categories, and (ii) the natural logarithm of IW as a function of time (both using Residual Maxi-
mum Likelihood REML). Model validation was achieved by visual inspection of residuals. Results
showed that individual FW depends on IW, but GR amongst juveniles of different size is similar. The
exponential growth model for individuals of all size categories was FW = 0.113 • e0.03•time, with

ε ∼ Ν (0,[σ 2 • time]δ). Our results show a GR value similar to those reported for other holobenthic

species, and provide one of the first estimates of the magnitude (δ = 0.204) and structure in which the
variance of individual weight increases with increasing time.
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10. SOCIAL EVENTS
Monday, 7th September
Welcome Reception at the Vigo’s Town Hall. Buses departure from Centro Cultural Caixanova. 20.00 h.

Wednesday, 9th September

1. Excursion to Santiago de Compostela

09.30 h. Departure from Centro Cultural Caixanova. Drive to Capital of Galicia, Santiago de Compostela,
“Universal Heritage of Humanity”, Santiago is a University and Cathedral city which enjoys a cosmopolitan
atmosphere without losing its traditions and noble appearance. Santiago is not just a city with monuments;
the city is a monument in itself. Enjoy visiting Obradoiro square, Hostal Reyes Católicos, Pazo de Fonseca,
the Platerias square, La Quintana Square and the many tiny medieval streets of the city. At the Cathedral,
ofrenda and “botafumeiro”. 18.00 h. Return to Vigo. Departure outside Santiago de Compostela to have
lunch at Convento de San Francisco or in a typical restaurant in the medieval streets. 

2. Excursion to Bayona, La Guardia, Valença and Tuy

09.30 hs. Departure from Centro Cultural Caixanova. Drive to Bayona which has the oldest port in Galicia.
There is a replica of the caravel “La Pinta”. It was also the first place in Europe which knew the discovery
of America. Further along the Atlantic coast we reach Oia and La Guardia. Visit to the well preserved Celtic
settlement. From the top of the mountain we may admire impressive lookouts over the Miño River. Further
to Valença do Minho, a fortress city dating from the 18th century, with narrow streets with shops which
offer all kind of typical Portuguese products. Lunch at the Pousada de San Teotonio. Later drive to Tuy
hitch has a legendary origin, explained by its privileged location on a hill next to the River Miño. 17.00
h.Drive back to Vigo.

3. Excursion to Cies Islands (National Park of the Galician Atlantic Islands)

09.30 h. Departure from Centro Cultural Caixanova, walking to the Maritime Station for catching a boat.
The Islas Cies, or Islands of the Gods as they were known in Roman times, are a natural paradise for the
birds that nest along the cliffs and the wide variety of species that live there. However, the islands are par-
adisiacal too for the human visitor who wishes to enjoy the beautiful natural surroundings, the beaches,
and the peace and quiet. Cies is an archipelago made up of three islands - Monte Agudo Island (or North
Island), O Faro Island and San Martiño Island (or South Island). The first two are joined by a long sand
bank called Rodas beach, in the middle of which there is a lagoon. The only way to get to the islands is by
the passenger boat service (which leaves from Vigo, Cangas and Baiona) in the summer months and at
Easter, weather permitting. The southern island of San Martiño is the only island that has no regular boat
service (it may only be reached by private boats). Lunch will be at the Islas Cies Restaurant. 18.00 h. Return
to Vigo.

4. Dive at Ria de Vigo (maximum 11 persons) A diving in the Ria de Vigo for 11 people will be organized
on Wednesday (September 9). For scuba diving, the Ria de Vigo is a magnificent venue for a day’s diving.
Interested individuals must certify that they meet the appropriate title and insurance for diving. The price
includes all equipment (from wet suit to tanks). Contact person: Angel F. González

Friday, 11st September
Official Symposium Dinner. Parador de Bayona. Buses departure from Centro Cultural Caixanova at 21.00 h.

Cephalopod International Advisory Council Symposium (CIAC’09)



Honouring our colleages
Martina Compagno-Roeleveld, Martin J. Wells and

Peter R. Boyle who recently passed away
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