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Foreword
Humans are integral components of social-ecological systems. Such systems have marine (including physicalbiological) and human (including cultural, management, economic, and socio-political) components which are
highly inter-connected and interactive. Changes in marine ecosystems have impacts on, and consequences
for, the human communities that depend on these systems, but how these human communities respond to
these changes can have reciprocal impacts on marine ecosystems. However, “natural” marine ecosystems
are usually studied independently from their human components, and by different scientific disciplines with
different scientific traditions (“natural” scientists; “social”` scientists and humanists). Understanding the
important issues and collaborating with other disciplines is essential for correctly interpreting the causes and
dealing with the consequences of global changes in marine social-ecological systems.
The recent 4th Assessment Report of the International Panel on Climate Change (IPCC) identified a number
of climate-related changes that are very likely to occur to marine systems in the near future. These include
warming temperatures, rising sea levels, increasing acidification of marine environments, and changing
precipitation patterns that modify the structure and productivity of marine ecosystems. In addition, global
changes are taking place in human systems which impact the oceans, including intensive fishing, the
globalisation of trade, changing lifestyles and, as food prices continue to rise, the need to feed the worlds’
population. The IPCC report identifies the need to make social-ecological systems more resilient by building
“adaptive capacity”. This is an issue on which both natural and social scientists can contribute. What are
the essential characteristics of marine social-ecological systems, and what are the relevant and potentially
successful approaches to building adaptive capacity? Are they the same for every system and society, or
are different approaches needed for different places? Is a global research strategy necessary to respond
to global challenges? Are there common underlying elements? Are existing governance strategies up to
the task, or will new forms be needed? What are the “best” approaches for natural and social scientists
to work collaboratively on these issues? These are the types of questions that we expect will be asked,
and hopefully some initial answers provided, at this symposium. And they need to be asked jointly and
collaboratively among natural and social scientists, so that each discipline can contribute its strengths but
also build upon the strengths of other disciplines. Difficulties in developing understanding and collaboration
between natural scientists, social scientists, and knowledge users on issues of global change in marine
social-ecological systems include a lack of clarity on the underlying conceptual issues of marine and human
community interactions, poor appreciation of the process of knowledge transfer from science to society, and
a lack of opportunity to meet and discuss these issues.
Hence this symposium is very timely, in particular following the FAO’s “High-level Conference on Food
Security: the Challenges of Climate Change and Bioenergy”, which took place here at FAO Headquarters, 3-5
June 2008. The issues of global changes in marine social-ecological systems are immediate and relevant,
and worthy of study by natural and social scientists, together. The central goals of the symposium are to
share experiences across disciplines and to identify key next steps and common elements and approaches
that promote resilience of marine social-ecological systems in the face of global changes. This involves:
1. exploring conceptual issues relating to social-ecological responses in marine systems to global
changes;
2. analysing case studies of specific examples of social-ecological responses in marine systems to
significant environmental changes manifested locally;
3. synthesising the work of natural and social scientists and building comparisons of social-ecological
responses in marine ecosystems subjected to major environmental variability;
4. developing innovative approaches to the use of science and knowledge in management, policy and
advice;
5. identifying lessons for governance for building resilient social-ecological systems.
We received 138 abstracts submitted for this symposium, and we have over 210 registered participants
from 50 countries. To promote interaction among the diversity of natural and social science disciplines
participating in this symposium, we decided to have all oral presentations in plenary. This required us to
make difficult decisions to allocate submitted abstracts to poster and oral sessions, and we regret that we
could not accommodate all of your first choices. But the posters and poster session are an important and
integral part of this symposium, and we encourage all participants to take time to view the posters and to
talk to their presenters.
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We wish to expressly thank our primary sponsoring organisations, the Global Ocean Ecosystem Dynamics
project (GLOBEC), the European Network of Excellence for Oceans Ecosystem Analysis (EUR-OCEANS),
and the FAO for their very strong support for this symposium. We thank our co-sponsoring organisations
Institut de Recherche pour le Développement (IRD), Institut français de recherche pour l’exploitation de la
mer (IFREMER), Scientific Committee for Oceanic Research (SCOR), the North Pacific Marine Science
Organization (PICES), the International Council for the Exploration of the Seas (ICES), the Integrated Marine
Biogeochemistry and Ecosystem Research programme (IMBER), the Social Sciences and Humanities
Research Council of Canada (SSHRC), and the International Human Dimensions Programme (IHDP).
We also wish to thank the members of the Scientific Steering Committee, the members of the GLOBEC
International Project Office, and the members of the Local Organising Committee at FAO (who are all
identified on the next pages) for their hard work, without which this symposium would not have happened.
Finally, we thank you, the participants of this symposium, for coming together to present your work and to
discuss your ideas. We hope that you enjoy the symposium, and that you leave Rome filled with excitement
and new ideas, perhaps new plans for collaborative research projects, and with a host of new friends.
Enjoy the Symposium!
The Convenors: Ian Perry, Rosemary Ommer, and Philippe Cury
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Notes for guidance
Access to FAO
The FAO Headquarters Complex is located on Viale delle Terme di Caracalla, in front of the Circo Massimo.
It can be reached by car, bus and metro line B (Circo Massimo stop). There are six buildings in the FAO
Headquarters Complex, all interconnected. The large conference rooms (Plenary Hall, Red Room, Green
Room) are all in Building A. In addition, there are several other smaller meeting rooms in Buildings A, B, C
and D. The two-story glass-enclosed Atrium interconnects Buildings A and B.
Access to the FAO Headquarters Complex is permitted only for persons who possess a valid Building Pass.
Participants must enter at the Main Entrance in Building A, and proceed to the Turkish Registration Centre
to the immediate left to register and pick up their Building Pass. Building Passes will be issued only after
receipt of completed Registration Forms. A valid identity document will need to be presented to registration
officials in order to collect the Building Pass.
The Registration Centre will be open from 15:30 to 17.30 on Monday 7 July and from 8.00 to 9.00 on
Tuesday and on each day of the Symposium.
Strict security measures are observed at the FAO Headquarters Complex. Metal detectors are in operation
at the Building A entrance. Delegates are requested to wear their Building Passes at all times, as access to
the FAO Headquarters Complex is prohibited to any individual not in possession of a valid Building Pass.
Lost Building Passes should be reported without delay to the FAO Office of Security (B-062). Delegates are
reminded not to leave briefcases or any valuable items unattended in conference rooms.

Medical services
The Medical Service provides emergency medical assistance to delegates and members of missions
accredited to FAO. For medical emergencies, delegates may dial 30 from all in-house telephones. For all
other medical services, delegates may call extension 53577 from all in-house telephones. They may also
go directly to the Medical Service (First Floor, Building B) during working hours of the Organisation (8.3017.00).

Access and facilities for disabled persons
All entrances at the FAO Headquarters Complex are accessible to disabled persons with wheelchairs. A lift
is especially provided in Building A, and a ramp is provided in Building D. Accessible restroom facilities are
located in Building A on the Ground, First and Third Floors near the meeting rooms.

Emergency telephone numbers in Rome
The following numbers may be useful in case of emergency:
•

Medical Emergencies 118

•

General Emergencies 113

•

Fire 115

•

Ambulance (Red Cross) 06-5510

Protecting your valuables
A word of caution. International cities that attract many tourists also attract those people who steal
from tourists. Consequently, delegates are advised to carry their valuables safely, especially on public
transport. There might be pickpockets on the street, the underground and on buses and trams. Once
delegates have checked into their hotels, it is advisable to leave important documents such as passports
in the hotel safe and to carry a photocopy. Identity cards, keepsakes and anything else not needed in
the city are best left at the hotel or place of residence while delegates are sightseeing, shopping or dining
out. Delegates should keep photocopies of all these documents in a safe place in case they need to have
them replaced.
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Catering facilities
The FAO Headquarters Complex offers a variety of dining and snack bar facilities where delegates may sit
down for a meal, or order a quick snack and beverage. Listed hereunder are all of the available locations,
as well as a brief description of the catering facilities offered.

Dining facilities
The FAO Cafeteria, located on the Eighth Floor, Building B, is available to delegates from 12:00 to 14:30
for lunch. The free-flow complex offers a selection of hors d’oeuvres, first and second courses, grill and
salads. The FAO Restaurant, located on the Eighth Floor, Building C, offers a daily menu and “à la carte”
service. Please telephone ext. 54268 (06-57054268 from outside the FAO Headquarters Complex) for
bookings.

Snack bars and vending machines
There are several snack bars on the premises, offering hot and cold beverages and a variety of pastries and
sandwiches. Locations are as follows:
•

Polish Bar (Ground Floor, Building A)

•

Blue Bar “C” (Eighth Floor, Building C)

•

Eighth Floor Bar (Eighth Floor, Building B)

•

Bar D (Ground Floor, Building D)

Forty-nine vending machines with assorted refreshments are also located on the premises, and especially
on the Second Floor of Building B and the Ground Floor of Building B.

Telephone, telefax and internet facilities
The telephone number of the FAO Headquarters Complex is +39065705 + extension. If the extension is
unknown, please dial +3906-57051 for the FAO Switchboard.
Telephones are available in all meeting rooms and lounges, which may be used for internal and local calls.
For internal calls, please lift the receiver and dial the required extension. For local (Rome) calls, please lift
the receiver, press “0” and wait for the external dial tone, then press the city code “06.” You may then dial
the desired telephone number.
Telephones for internal or Rome calls are also located at the entrance to Building A and in the corridors of
the First and Third Floors of Building A.
Public telephone facilities are located in the Main Entrance of Building A, at the entrance of Building D and
in the “Flag Hall” on the Ground Floor of Building B. They operate with Telecom Italia telephone cards that
can be purchased from the News Stand on the Ground Floor of Building B.
For delegates carrying portable GSM phones, there are four GSM operators active in Italy: TIM, Vodafone,
Wind and Tre. They operate on the 900/1800 MHz bands. Delegates are requested to check with their
home country provider whether roaming is available with one or more of the above-noted operators.
Delegates are reminded that all cellular phones should be switched off in meeting rooms. For delegates
carrying portable computers, WiFi connection is active within the FAO Complex in and around major meeting
rooms.

Postal services
The Italian Post Office, located on the Ground Floor, Building B, is open Monday to Friday, from 8:30 to
15:00 hours.
The DHL Courier Service Office is located in C005. The DHL service is available for private and official
dispatches from 10:30 to 12:30 hours and from 13:30 to 16:00 hours, Monday through Friday. Please
call the Mail and Pouch Service at extension 54881 for information and rates. Delegates who wish to
send documents back to their countries may do so using the above mentioned postal and other delivery
services.
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Banking and currency exchange facilities
The currency of Italy is the Euro. We have two Banks operating in the Headquarters:
•

The Banca Intesa bank is located on the Ground Floor, Building B. Opening hours are from 8:35 to
16:35 hours.

•

The Banca Popolare di Sondrio bank is also located on the Ground Floor, Building D (D016). Opening
hours are from 8:30 to 16:00 hours.

Cash dispensers (ATM) are available for bancomat and credit card withdrawals.
In addition to Banca Intesa and Banca Popolare di Sondrio banks, the Italian Post Office located next to the
Banca Intesa on the Ground Floor, Building B also processes postal/money orders.

Local transportation
FAO does not provide cars for delegations. It is suggested that delegations requiring local transportation
make their own arrangements with local firms.

Taxis
Delegates are advised to use only licensed taxis with meters. Surcharge fares are applied for baggage, night
runs and on Sundays and holidays. The Main Reception (Ground Floor, Building A) will assist participants
in requesting taxis.
Delegates can also call Radio Taxi Service, Tel. 06-3570, 06-4994, 06-4157, 06-5551, 06-6645 or 06-8822.
Upon calling, the taxi company operator will ask for the caller’s telephone number and will give the caller
the taxi’s identification number (which will be marked on both sides of the car), as well as the estimated
time it will take to reach the caller.

Public transportation
Tickets for public transport should be purchased in advance and are available from underground stations,
tobacco shops and newspaper kiosks as well as from the News Stand at FAO Headquarters (Ground Floor,
Building B, across from the Banca Intesa bank).
Tickets cost 1.00 Euro, and may be used once for underground transport and unlimited bus travel within
the ticket validation time of 75 minutes. Tickets are validated upon entering bus/tram or at the point
of entrance to the Metro. There are also day tickets valid for a whole day on the entire bus and metro
network.

Buses/trams
The public buses in Rome are managed by ATAC “Azienda per i Trasporti Autoferrotranviari del Comune
di Roma” and offer service throughout the city. Both buses and trams have electronic displays in the
front indicating the number of the route and where they are heading. Access onto buses is both from
the rear or front doors. Tickets should be purchased in advance and immediately validated in one of the
machines placed on the bus or tram. Bus/tram stops can easily be distinguished by a yellow or white
metal post.
For further information on public transportation in Rome (including the routes and schedules of buses and
trams), please call: 06-46954444 or consult the website www.atac.roma.it.

Underground (Metro)
There are two underground lines in Rome called Line A and Line B. The stations are marked by a red metal
disk showing a white “M” sign. The Termini Station is the only Metro station where the two lines intersect.
The Metro stop for FAO is Circo Massimo (Line B). Delegates are reminded that tickets must be purchased
before boarding.
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Travel facilities (flight reservations and confirmation)
The Carlson Wagonlits Travels Agency, the official travel agency of FAO, is located on the Ground Floor of
Building D (Room D074). Office hours are 9:00-17:00.
The following services are provided by Carlson Wagonlits Travels Agency for both official and private
travel:
•

Air ticket reservation and purchase.

•

Assistance with return flights.

•

Itinerary changes.

•

Post-meeting trips and excursions in Italy.

•

Tours of Rome and surrounding area.

•

Car rentals.

•

Train and ferry tickets.

•

All other services normally provided by a travel agent.

Delegates are reminded that most airline offices in Rome are open from 9:00 to 17:00 hours on weekdays
and some are closed during the lunch hours. Airline offices are closed on Saturdays and Sundays.

Accommodation in Rome
The Carlson Wagonlits Travels Agency assists delegates in making hotel reservations at reduced rates.

FAO Sales Point
The FAO Sales Point is located in front of the Banca Intesa bank (Ground Floor, Building B) and is open
from 9:00 to 12:30 hours. A selection of recent FAO publications and CD-ROMs and an assortment of FAO
medals, coins and stamps, as well as logo and commemorative items can be purchased at the FAO Sales
Point.

News Stand
The News Stand is located on the Ground Floor of Building B near the Banca Intesa bank, and offers a
variety of newspapers in numerous languages, a selection of magazines, postcards, maps, and a large
selection of periodicals. The News Stand operates from 07:00 to17:30 with a lunch break from 14:00 to
15:00 hours. For more information, please dial extension 53273.

Bookshop
The “Food for Thought” Bookshop, located on the Ground Floor of Building B next to the News Stand, offers
a selection of English, French and Spanish language books, gift stationery, writing paper, gift wrapping
paper, greeting cards and guide books. The Bookshop is open from 08:00 to 17:30 with a lunch break from
14:00 to 15:00 hours. For more information, please dial extension 53127.

Pharmacy
The pharmacy is located on the Ground Floor of Building B (Room B0L2) near the Photo Shop and is open
from Monday to Friday (08:00 to 17:30 with a lunch break from 14:00 to 15:00 hours).

Shopping
Shops in Italy are usually open from 9:00 to 13:00 and from 15:30 to 19:30 hours. However, many of the
shops in the downtown area also remain open during the lunch break.

Credit Cards
Internationally-recognised travellers’ cheques and credit cards are accepted in hotels, major shops and
restaurants.
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The David Lubin Memorial Library
The David Lubin Memorial Library is located at the FAO Headquarters Complex on the Ground Floor of
Building A.
Established in 1952, the Library honours the founder of the International Institute of Agriculture (IIA), David
Lubin. The extensive IIA collection formed a solid base for the present-day Library which is considered one
of the world’s finest collections in food, agriculture and international development.
The Library is open to FAO staff, Permanent Representatives to FAO and official delegates to FAO
Conference, Council and Technical Committees from Monday to Friday, 8:30-17:00 hours. The Library is
not open to the general public. Access may, however, be granted on Tuesdays and Thursdays 9:30-16:00
hours to university faculty or students, researchers and members of the development community. Requests
should be addressed to Ms Jane Wu, Chief Librarian, extension 53703 (Tel. +39 06 57053703), e-mail
jane.wu@fao.org or the Reference Section extension 53784 (Tel. +39 06 57053784 from the outside the
FAO Headquarters Complex).
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General programme
Date and time

Session

Monday 7 July

15:30-17:30

Registration

Tuesday 8 July

08:00-09:00

Registration

09:00-09:30

Opening, welcome address by Mr Ichiro Nomura,
ADG, FAO Fisheries and Aquaculture Department

09:30-10:15

Keynote 1

10:15-10:45

Tea/coffee break

10:45-12:00

Session 1

12:00-13:30

Lunch

13:30-15:00

Session 1 continued

15:00-15:30

Tea/coffee break

15:30-16:45

Session 2

16:45-18:00

Session 4

18:30-20:30

Welcome reception

08:00-09:00

Registration

09:00-09:45

Keynote 2

09:45-10:30

Session 6

10:30-11:00

Tea/coffee break

11:00-12:00

Session 6 continued

12:00-13:30

Lunch

13:30-15:30

Session 3

15:30-16:00

Tea/coffee break

16:00-18:30

Poster session

08:00-09:00

Registration

09:00-09:45

Keynote 3

09:45-10:30

Session 7

10:30-11:00

Tea/coffee break

11:00-12:00

Session 7 continued

12:00-13:30

Lunch

13:30-15:30

Session 5

15:30-16:00

Tea/coffee break

16:00-16:30

Session 5 continued

16:30-18:00

Session 8

09:00-09:45

Keynote 4

09:45-10:30

Session 8 continued

10:30-11:00

Tea/coffee break

11:00-11:30

Session 8 continued

11:30-12:30

Closing panel discussion

12:30-13:00

Closing ceremonies

Wednesday 9 July

Thursday 10 July

Friday 11 July
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K

Keynotes

Tuesday 8 July
09:30-10:15

Fikret Berkes
Exploring some conceptual issues in coping with global change in marine systems (K1)

Wednesday 9 July
09:00-09:45

Bonnie McCay
Local signals of environmental change: coupling, signals, and responses (K3)

Thursday 10 July
09:00-09:45

Katrina Brown
Vulnerability, adaptive capacity and resilience in coastal social-ecological systems (K2)

Friday 11 July
09:00-09:45

Judith Kildow
The social tipping point: can policy catch up with the science of global climate change? (K4)

11:30-12:30

Distinguished closing panel
Panelists:
Poul Degnbol (European Commission, Belgium)
Mitsutaku Makino (Japan)
James McGoodwin (USA)
Barbara Neis (Memorial University, Canada)
Samuel Pooley (USA)
Jurgenne Primavera (Philippines)
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S1

Scale, vulnerability, and resilience: case studies and
integrated approaches to the study of change and
drivers of change in marine social-ecological systems

Co-convenors: Ian Perry, Olivier Thébaud and Renato Quinones

Tuesday 8 July
10:45

Olivier Thébaud, Pascal Le Floc’h, Fabian Blanchard, Jean-Charles Poulard and Fabien
Steinmetz
A bio-economic analysis of changes and drivers of change in fisheries of the Bay of Biscay
(S1-O1)

11:00

Jae Choi
State transitions of ecological systems as a driver of social change and how adaptive social change
can help stabilise ecological systems (S1-O2)

11:15

Ramasamygowder Jaganathan, Bhaskaran Govindarajan and K.B. Radhika
GIS based spatio-temporal analysis of a marine social-ecological system for sustainable
management of fishery resources: the Tamil Nadu coastal region (India) during pre- and posttsunami (S1-O3)

11:30

Ibidun O. Adelekan and Tosan B. Fregene
Climatic and environmental changes in coastal areas of south-western Nigeria: implications for
rural fishing communities (S1-O4)

11:45

Daniela Kalikoski, Tiago Almudi and Pedro Quevedo Neto
Fishing communities’ vulnerabilities to climate change: building adaptive capacity in two coastal
lagoons in southern Brazil (S1-O5)

12:00

Lunch

13:30

Marie-Caroline Badjeck, Flora Vadas, Matthias Wolff and Jaime Mendo
Fisherfolk migration as a response to ENSO-induced climate variability in Peru: adapting for the
best? (S1-O6)

13:45

Jean-Calvin Njock and Lena Westlund
Fisheries communities’ migrations in west and central Africa: the need to integrate migrants in
fisheries management (S1-O7)

14:00

Beatrice Crona, Magnus Nyström, Jens Mogensen, Carl Folke and Narriman Jiddawi
Middlemen as critical links in social-ecological systems (S1-O8)

14:15

Renato Quiñones and Manuela Venegas
The dynamic interaction among governance, social conflict, adaptive responses, mitigation, and
scientific uncertainty: the case of fisheries crises in Chile (S1-O9)

14:30

Ian Perry, Rosemary Ommer, Svein Jentoft, Manuel Barange, U. Rashid Sumaila, Barbara
Neis, Kevin Stephanus, Renato Quiñones, Kenneth Broad and Jiehua Lu
Interactive responses of natural and human systems to marine ecosystem changes (S1-O10)

14:45

James McGoodwin
Building adaptive capacity in fisheries impacted by global change: case studies from Iceland and
Alaska (S1-O11 Invited)

15:00

Tea/coffee break
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S1 posters
S1-P1

Ayeisha Brinson and David Die
Allocation decisions and the consequences to small-scale fishing communities targeting Atlantic
billfish

S1-P2

Philip Elondo and Chebo Asangwe
The Douala coastal lagoon complex, Cameroon: environmental issues

S1-P3

Valentina Giannini
Fish, fishers, industrial fishing, intermediaries, watershed contamination, sea contamination: can
virtuous behaviour disrupt vicious chains?

S1-P4

Diego Ibarra, Ramón Moran-Angulo and María Valdez-Pineda
The analysis of the size structure of the yellowfin tuna Thunnus albacares (Bonnaterre, 1788)
captured among different herds of dolphins in fishing sets carried out by the Mexican purse-seine
fleet in 2001-2002

S1-P5

Suam Kim
Fisheries development in conjunction with the changes in climate and social systems in northeastern
Asia

S1-P6

Hicham Masski, Souad Kifani and Jean-Charles Poulard
Bottom community structure of the Moroccan upwelling system with considerations of fishing
activities

S1-P7

Pablo del Monte-Luna, Vicente Guzman, Eduardo Cuevas, Francisco Arreguín-Sánchez,
María Jiménez-Quiroz and Daniel Lluch-Belda
Rise and decline of the hawksbill turtle stock in the southern Gulf of Mexico as response to short
and long term environmental variation

S1-P8

Ilaria Nardello, Heather Cannaby, Chris Lynam and Russell Poole
Change and drivers of change in the north east Atlantic socio-ecological marine systems: Ireland
as a case study

S1-P9

Prabhath Patabendi
Marine social-ecological systems in Sri Lanka - challenges and issues: a case study of Sri Lanka
as a small island

S1-P10

Iwona Psuty
The century of ecosystem, social and economic changes: Polish transboundary lagoons case
study

S1-P11

Tairu Salami, O.S. Idowu and E.E. Balogun
Interactions between the atmosphere, ecosystem and marine environment in Nigeria

S1-P12

Francisco Tapia-Hernández, Jaime Ramírez-Zavala and Joel Bojórquez-Sauceda
Conflicts in artisan fishing activity in fishermen communities from Nayarit and Sinaloa, Mexico

S1-P13

Rachel A. Turner, Akuila Cakacaka, Nicholas A.J. Graham, Nicholas V.C. Polunin, Morgan S.
Pratchett, Selina M. Stead and Shaun Wilson
Ecological and socio-economic responses to change in subsistence fishing societies
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S2

Are the high seas social-ecological systems?
Internationally-shared marine resources under climate change

Convenor: Kathleen Miller

Tuesday 8 July
15:30

Samuel Pooley and Marcia Hamilton
Institutional structures for ecosystem-based fisheries management: ideas from Hawaii (S2-O1)

15:45

Minling Pan and Shichao Li
Fisheries policy designs in response to climate changes: a case study of the Hawaii-based longline
swordfish fishery (S2-O2)

16:00

George Shillinger, Daniel Palacios, Helen Bailey, Steven Bograd, Alan Swithenbank, James
Spotila, Frank Paladino and Barbara Block
Opportunities for transboundary and high seas management of eastern Pacific leatherback turtles
(S2-O3)

16:15

Jane Mbendo
Improving benefits from sustainable tuna fisheries management in the western Indian Ocean
region (S2-O4)

16:30

Kathleen Miller, Robert McKelvey and Peter V. Golubtsov
Fleets, sites and conservation goals: game theoretic insights on management options for
multinational tuna fisheries (S2-O5)
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S3

Integrated modelling of marine social-ecological systems:
possibilities and limitations

Co-convenors:

Olivier Thébaud and Philippe Cury

Wednesday 9 July
13:30

Rich Little, David McDonald, Gavin Begg, Nick Ellis, Barry Goldman, Andre E. Punt, Bruce
Mapstone, Beth Fulton, Randall Gray and Keith Sainsbury
Integrated modelling of socio-ecological systems in Australia (S3-O1)

13:45

Manuel Barange, Icarus Allen, Edward Allison, Neil Andrew, Marie-Caroline Badjeck, Trond
Bjorndal, Julia Blanchard, Ben Drakeford, Nicholas Dulvy, Simon Holt, Robert Holmes,
Simon Jennings, Gorka Merino, Lynda Rodwell and Graham Tattersall
QUEST_FISH: predicting the impacts and assessing the consequences of climate change on
global fish production (S3-O2)

13:55

Jacqueline Alder, Sylvie Guenétte, Jordan Beblow and Villy Christensen
EcoOcean: modelling the future of social-marine ecological systems (S3-O3)

14:05

Laurence Mee and Olivia Langmead
Stochastic modelling of coupled social and ecological systems: a case study from the FP6/LOICZ
European Lifestyles and Marine Ecosystems project (S3-O4)

14:15

Luc Doyen, Christophe Béné, Olivier Thébaud, Fabian Blanchard and Vincent Martinet
Co-viability modelling and the ecosystem approach to fisheries management (S3-O5)

14:25

Christian Mullon, Jean-François Mittaine, Guillaume Péron, Manuel Barange, Gorka Merino
and Thomas Guillon
Modelling the world system of small pelagic fisheries (S3-O6)

14:35

Francisco Arreguín-Sánchez, Manuel J. Zetina-Rejón, Mauricio Ramírez-Rodríguez, Victor
H. Cruz-Escalona and Pablo del Monte-Luna
Shrimp fishery collapse in the southern Gulf of Mexico: ecosystem and management trade-offs
coping with global change (S3-O7)

14:45

Christian Chaboud
Bioeconomic modelling as an integrative tool to assess the dynamics of fisheries facing global
economic and environment changes: the example of the French Guyana shrimp fishery model
(S3-O8)

14:55

Shang Chen, Tao Xia, Qixiang Wang and Jian Liu
Programme for valuation of marine ecosystem services in China seas: latest progress and
contribution to coping with regional climate change (S3-O9)

15:05

Cosimo Solidoro, Simone Libralato, Gianpiero Cossarini and Donata Melaku Canu
Impact of climatic changes on aquaculture activities and food web structure in a coastal ecosystem
(S3-O10)

15:15

Discussion

15:30

Tea/coffee break
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S3 posters
S3-P1

Francisco Arreguín-Sánchez and Susana Martínez-Aguilar
Impact of the relationship between primary production and Monterrey sardine exploited stock on
the dynamics of the central Gulf of California ecosystem

S3-P2

David Castilla-Espino and Juan José García del Hoyo
Small pelagic management strategies under global warming accounting for fishers economic
incentives in the northern Alboran Sea

S3-P3

Simona Dalla Riva
The Venice lagoon: an ecological, social and economic integrated model

S3-P4

Fabiola Gil, Paulo Silveira, Mario Pinho and Tomaz Dentinho
Artificial neural networks and a spatial interaction model for land and sea uses: a combined
approach aiming at the sustainability of a small fishery

S3-P5

Marion Glaser, Bernhard Glaeser, Karl Bruckmeier and Gesche Krause
Methods in social-ecological systems analysis for marine and coastal areas: pitfalls and potentials
of agent-individual based modelling

S3-P6

Gakushi Ishimura, U. Rashid Sumaila and Sam Herrick
Climate regime shifts and a transboundary fish stock: game theoretic analysis of Pacific sardine in
the California current system

S3-P7

Carlos Leal, Renato Quiñones and Carlos Chavez
Factors affecting the decision-making process for establishing fishing quotas in Chile

S3-P8

Vincent Martinet and Olivier Thébaud
Achieving sustainable fisheries: gradually or abruptly?

S3-P9

Ferdenant Mkrtchyan and Vladimir Krapivin
Remote sensing technology for the nature-society system biocomplexity assessment

S3-P10

Jieni Lisette Muaror-Wilson and Anthony Charles
Coping with global change: community perceptions of social-ecological systems and resilience

S3-P11

Matteo Sinerchia and John Woods
The Lagrangian Ensemble Recruitment Model: a new individual based ecosystem model for
predicting fisheries recruitment

S3-P12

Rodelio F. Subade and Jurgenne Primavera
Integrating economic valuation in marine social-ecological systems: demonstration, appropriation
and utilisation of economic values for sustainability and conservation

S3-P13

Youen Vermard, Sigrid Lehuta, Stephanie Mahevas and Olivier Thébaud
Development of an operational model of the Bay of Biscay pelagic fishery to integrate dynamics
of the system and assess the impacts of management and ecological changes, using ISIS-Fish, a
generic simulation tool
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S4

Ecosystem services and values: ecological,
economic, social and cultural

Co-convenors:

Rosemary Ommer and Rashid Sumaila

Tuesday 8 July
16:45

U. Rashid Sumaila
Total economic valuation: a comparison of market and non-market values from marine ecosystems
of the United States (S4-O1)

16:59

Tim Daw, Joshua Cinner and Tim McClanahan
Socioeconomic influences on feedbacks in a fisheries social-ecological systems: how wealth and
livelihood portfolios affect decisions to exit a declining artisanal fishery (S4-O2)

17:13

Grant Murray
Social-ecological restructuring and implications for social values in the NW Atlantic (S4-O3)

17:27

Nigel Haggan
You don’t know what you’ve got until it’s gone: including cultural and spiritual values in NW Pacific
ecosystem management (S4-O4)

17:41

Rebecca Metzner
Commentary

17:51

Open discussion

S4 posters
S4-P1

Melanie Austen, Stephen Mangi and Nicola Beaumont
Approaches to quantifying and valuing marine ecosystem goods and services

S4-P2

Natalie K. Bown, Tim Coles, Tim S. Gray, Ella Ritchie and Selina M. Stead
Coping strategies of coastal communities: management as a driver for change?

S4-P3

Weiqi Chen, Xuan Wang and Luoping Zhang
Negative impacts of sea reclamation on coastal ecosystem services and selection of monetary
evaluation approaches

S4-P4

Renato Quiñones, Aldo Hernandez, Isabel Navarrete, Jorge Dresdner, Leonardo Vidal and
Ricardo Rivas
The effect of fisheries management on indigenous (Lafkenche) traditional social organisation: the
case of the conflict and collapse of the razor clam in Chile

9

Coping with Global Change in Marine Social-Ecological Systems

S5
Convenor:

Marine social-ecological systems, human security,
and climate change: policy responses
Edward Allison and Manuel Barange

Thursday 10 July
13:30

Roger McLean
Sea-level rise and its impact on marine social-ecological systems (S5-O1)

13:45

Ahsan Uddin Ahmed and Sharmind Neelormi
The impacts of climate change on marine social-ecological systems: the plight of coastal fisherfolk
communities in Bangladesh (S5-O2)

14:00

Cameron Ainsworth and Tony J. Pitcher
Socio-ecological responses to climate change in two coastal communities: dexterity in the optimal
fleet (S5-O3)

14:15

Torbjørn Lorentzen
Climate change and the future expansion paths for the Norwegian salmon farming industry
(S5-O4)

14:30

Guillaume Péron, Jean-François Mittaine and Bertrand Le Gallic
An analysis of the fishmeal industry: from wild fisheries to international fishmeal and fish oil markets
(S5-O5)

14:45

Cassandra De Young, Kevern Cochrane and Doris Soto
Climate change implications for fisheries and aquaculture: contributions to global discussion from
the FAO (S5-O6)

15:00

Prabhath Patabendi
Challenges and obstacles to regeneration of fisheries after the 26 December tsunami in Sri Lanka
(S5-O7)

15:15

Cecile Brugere and Edward Allison
Livelihood diversification in coastal and inland fishing communities: misconceptions, evidence and
implications for fisheries management (S5-O8)

15:30

Tea/coffee break

16:00

Camilla Andreassen
The ugly face of poverty: ecosystem damage and food security in a small-scale fishery on the
Atlantic coast of Nicaragua (S5-O9)

16:15

Sergio Rosendo, Tim Daw, Katrina Brown, Graham Pilling, Nicholas Dulvy, Tony Beeching,
Edward Allison, Robert Pomeroy, Rudy van der Elst, Louis Celliers, Tim McClanahan, Ida
Siason, Rodelio F. Subade and Nguyen Thu Hue
Assessing the contribution of marine and coastal ecosystem services for poverty alleviation
(S5-O10)

10
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S5 posters
S5-P1

Margaret Angula, Merle Sowman, Astrid Jarre and Barbara Paterson
Towards an adaptive management framework for the Namibian line fishery

S5-P2

Johann Bell
Fish for food security in the Pacific: building resilience to population growth and climate change

S5-P3

Fabienne Daures, Patrick Berthou and Emilie Leblond
An integrated and statistical approach for the valuation of biological and economic status of fisheries

S5-P4

Musse Hassan and M.I. Mohamed
Are the implications of spatio-temporal oceanographic phenomena on the small pelagic fishery in
the Straits of Malacca significant?

S5-P5

Cullen Hendrix and Sarah Glaser
Beating fishhooks into spears: civil conflict, crowding-out effects and marine fisheries

S5-P6

Stephen Mangi and Melanie Austen
Perceptions of stakeholders towards objectives and zoning of marine protected areas in southern
Europe

S5-P7

Evald Ojaveer, Eugeniusz Andrulewicz and Margers Kalejs
Development of sustainable management of ecosystems in the Baltic Sea

S5-P8

Andy Scollick
Maritime regional sustainability, social-ecological resilience and complex systems governance:
linking the concepts in Atlantic Europe

11
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S6

Practicing inter-disciplinarity: how can marine and social
scientists work together on social-ecological systems?

Co-convenors:

Astrid Jarre, Kevern Cochrane and Rosemary Ommer

Tuesday 9 July
09:45

Rosemary Ommer
Interdisciplinarity and marine social-ecological systems (S6-O1 Invited)

10:05

Anthony Starfield
Interdisciplinary modelling for an ecosystem approach to management: a question of balance
(S6-O2 Invited)

10:30

Tea/coffee break

11:00

Sarah Carr and Patrick Crist
Creating an interdisciplinary network for Ecosystem-Based Management tools (S6-O3)

11:10

Astrid Jarre, Marie-Joelle Rochet, Maria Teresa Spedicato, Erich Diaz, Eleuterio Yáñez,
Héctor Trujillo, Ian Perry, Rosemary Ommer
Multi-criteria decision support: a toolbox for integration, communication and collaboration in marine
social-ecological systems under global change (S6-O4)

11:20

Godstime James, Jimmy Adegoke, Ekechukwu Saba, Peter Nwilo, Joseph Akinyede and
Sylvester Osagie
Assessment of change in the mangrove ecological zone and its socio-economic impacts in the
Niger Delta region of Nigeria (S6-O5)

11:35

Maria Onestini
Coping with global trends in developing countries fisheries: the Argentine case (S6-O6)

11:50

Ramón Morán-Angulo and María Valdez-Pineda
The callus axe Atrina oldroydii (Hall, 1901), fishery in Teacapán, Sinaloa, Mexico: towards comanagement (S6-O7)

12:00

Lunch

S6 posters
S6-P1

Milena Arias Schreiber and Marion Glaser
Systems thinking: old ideas for interdisciplinarity in marine social-ecological systems

S6-P2

Marie-Caroline Badjeck, Ricardo Chero, Friedemann Keyl, Jaime Mendo, Marc Taylor, Flora
Vadas and Matthias Wolff
Collaborative research in Peruvian marine social-ecological systems: the CENSOR experience

S6-P3

Fabian Blanchard and Olivier Thébaud
The CHALOUPE project - global change, dynamics of marine exploited communities and viability
of fisheries: the case of the Bay of Biscay, the Guyana shelf and the Moroccan upwelling system

S6-P4

Raquel De la Cruz Modino, Karyn N. Rodrigues Henriques and José J. Pascual Fernández
Working together: the improvement of MPA´s institutional design through an emphasis on local
knowledge
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S6-P5

Mauro Fabiano, Manuela Baudana, Andrea Leone, Valentina Marin, Chiara Paoli and Paolo
Vassallo
Comparing approaches for the analysis of sustainability in the coastal zone

S6-P6

Maria Gasalla and Antonio Carlos Diegues
People’s seas: ethno-oceanography as an interdisciplinary means to approach ecosystem
change

S6-P7

Ramón Morán-Angulo and María Valdez Pineda
Conflict identification: the case of coastal fishing in the municipality of Mazatlán, Sinaloa, Mexico

S6-P8

Barbara Paterson, M. Isaacs, M. Hara, Astrid Jarre, Coleen L. Moloney and John G. Field
How to achieve transdisciplinary cooperation for EAF: a South African case study

S6-P9

Mauricio Ramírez-Rodríguez, Agustin Hernandez-Herrera and Francisco Arreguín-Sánchez
Data requirements for management of small scale fisheries in the North Pacific off Mexico

S6-P10

Emilie Springer
Purposes of the past: transitions in Alaska’s commercial fishing 1880-1980

S6-P11

Héctor Trujillo, J.L. Fuentes and E. Trujillo
Social-ecological systems analysis: lessons from the Venezuelan oil industry applied to fisheries
in Venezuela and Chile

S6-P12

Eleuterio Yáñez, E. González, Héctor Trujillo, L. Cubillos, S. Hormazábal, L. Alvarez, A.
Ordenes, M. Pedraza, and G. Aedo
Knowledge and research on Chilean fisheries resources: diagnosis and propositions for a
sustainable fisheries development
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S7

Marine science for society - communications, outreach,
and management in an uncertain future

Chair:

Francisco Werner

Co-convenors:

Manuel Barange and Astrid Jarre

Thursday 10 July
09:45

Barbara Neis and John Lutz
Making and moving knowledge (S7-O1)

10:00

M. Ba, B. Masumbuko, P. Morand, P. Chavance and P. Failler
Study on the conditions of production and use of scientific advice for fisheries management: the
case of Sub Regional Fisheries Commission area countries (West Africa) (S7-O2)

10:15

Michel Kaiser
Future-proofing spatial management strategies in an uncertain environment (S7-O3)

10:30

Tea/coffee break

11:00

Andrea Belgrano and Charles Fowler
Ecology for management: pattern-based policy (S7-O4)

11:15

Harold Levrel, Johanna Herfaut, Olivier Thébaud, Patrick Berthou, Christian Dintheer, Bruno
Drouot, Yvon Morizur and Hervé Tranger
From provisioning to cultural ecosystem services: the case of recreational fishing in marine socialecological systems (S7-O5)

11:30

Sunitha Don Bosco and Sunitha K. Swamy
Communicating marine conservation to coastal communities: problems and perspectives
(S7-O6)

11:45

Isabelle Rauss, Pascal Hacquebart, Catherine Zambettakis and Franck Bruchon
BRANCH - Biodiversity Requires Adaptations under a CHanging climate in northwest Europe:
planning and coastal wildlife, the example of Normandy in France (S7-O7)

12:00

Lunch

S7 posters
S7-P1

Amy Diedrich, Joaquín Tintoré, Ferran Navinés and Guillermo Vizoso
Balancing science and societal needs through establishing locally relevant indicators for
sustainability in the coastal zone of the Balearic Islands (western Mediterranean)

S7-P2

Nicolas Hoepffner
AMIS: a web-based information system for coastal and marine waters around Africa

S7-P3

Andrea Lampis
Climate change risk-prone marine-related livelihoods in Tumaco, Pacific coast (Colombia)

S7-P4

Jurgenne Primavera
Philippine mangroves: traditional use and prospects for sustainable livelihoods

S7-P5

Rodica Sirbu, Iuliana Psegalinschi, Ticuta-Negreanu-Pirjol, Tania Zaharia and Cadar Emin
Methods of obtaining and characterising collagen from marine fish from the Black Sea for
pharmaceutical formulae
14
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S7-P6

Rodica Sirbu, Tania Zaharia, Simion Nicolaev, Ticuta Negreanu-Pirjol, Emin Cadar and
Iuliana Psegalinschi
Valorification of the marine algae from the Romanian marine ecosystem in the pharmaceutical
industry

S7-P7

María Valdez-Pineda and Ramón Morán-Angulo
Environmental education strategy for coastal fishermen from north beach, Mazatlán, Sinaloa,
Mexico

15
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S8

Governance approaches for building adaptive
capacity in marine social-ecological systems

Convenor:

Svein Jentoft

Thursday 10 July
16:30

Goncalo Carneiro
Poverty reduction in marine conservation initiatives in eastern Africa (S8-O1)

16:50

Anthony Charles
Global change, integrated management and coastal community partnerships (S8-O2)

17:10

Eny A. Buchary, Tony J. Pitcher and U. Rashid Sumaila
Unaccounted values: under-reporting sardine catches as a strategy against poverty in the Bali
Strait, Indonesia (S8-O3)

17:30

Eusebio Jacinto
Community-Based Coastal Resources Management and markets (S8-O4)

17:45

Lucia Fanning, Robin Mahon and Patrick McConney
Applying the LME governance framework in the Caribbean (S8-O5)

Friday 11 July
09:45

Svein Jentoft, Ratana Chuenpagdee and Jan Kooiman
Fisheries governance as a wicked problem (S8-O6)

10:00

Jose J. Pascual-Fernandez, Raquel de la Cruz Modino and Juan Luis Suárez de Vivero
Improving governability: marine protected areas and artisanal fisheries in the Canary Islands and
Spain (S8-O7)

10:15

Mitsutaku Makino and Hiroyuki Matsuda
Fisheries diversity and ecosystem co-management (S8-O8)

10:30

Tea/coffee break

11:00

Shadananan Nair
Climate change impact on the coastal zones of India: guidelines for adaptation strategies and
efficient management (S8-O9)

11:15

Patrick McConney and Kemraj Parsram
A network approach to understanding coastal management and governance of small scale fisheries
in the eastern Caribbean (S8-O10)
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S8 posters
S8-P1

Anthony Charles
Adaptive co-management for resilient marine systems

S8-P2

Anthony Charles
The Ecosystem Approach to Fisheries: managing social-ecological systems

S8-P3

Marie-Christine Cormier-Salem, Sébastien Boulay, Betty Queffelec and Omar Sarr
Eco-labelling in fisheries - potentials and pitfalls: ecological norms and local responses along the
West African coast

S8-P4

Sophie desClers
Fishing use rights, increasing pressures and changing climate, a quick tour around the greater
Thames estuary (UK)

S8-P5

Maria Hadjimichael
Economic and social impacts of fisheries regulations on fishers: the north/south divide

S8-P6

Ling-Feng Huang and Tian-Hong Xie
Ecosystem approach to the management of the Yundang Lagoon social-ecological system:
implementation and challenges

S8-P7

Robin Mahon, Patrick McConney, Katherine Blackman and Rhonda Lee
Exploring social networks in marine resource governance: the case of the Grenadine Islands

S8-P8

Alistair McIlgorm
Identifying the potential socio-ecological impacts from climate change on the fishers and coastal
communities of New South Wales, Australia

S8-P9

Emese Szeliánszky and José J. Pascual Fernández
User groups, civil society and governance: the case of Caleta de Sebo

S8-P10

Xue-Fen Yao, Luoping Zhang, Weiqi Chen and Stephen Zavestoski
Implementing marine ecosystem management: framework and practice
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K

Keynotes

8 July, 09:30-10:15 (K1)

Exploring some conceptual issues in coping with global change in marine systems
Fikret Berkes
University of Manitoba, 70 Dysart Road, Winnipeg, Manitoba R3T 2N2, Canada. E-mail: berkes@cc.umanitoba.ca

Fisheries are not purely ecological systems isolated from human influence, nor are they purely social systems
that function independently of the ecosystems that support them. Rather, fisheries are linked social-ecological
systems in which human activity modifies the ecological subsystem; the nature of resources and their
availability in turn modifies the social subsystem. The necessity of considering natural and social systems
together is a conceptual development that has a number of implications for adapting to global change. Some
of the key elements of these conceptual shifts include: 1) changing perspectives on the notions of resource
and management, to de-emphasize utilitarianism, reductionism and top-down management; 2) formulation of
fishery objectives that include ecological, economic and social management objectives, including livelihood
needs, responding to the broader notion of sustainability; 3) expansion of scope of management information
to include fishers’ knowledge and learning, and the use of deliberative methods and multiple epistemologies
to deal with complexity; and 4) development of participatory governance with community-based institutions,
and attention to multi-scale linkages from local to global as a way of dealing with complexity and change.
These ideas are not new, but so far they are not in mainstream thinking. They mark a shift in management
philosophy to embrace uncertainty and complexity; they are participatory and adaptive in nature, as they
engage the knowledge of resource users, their adaptive learning, and their institutions for self-governance.
Such management breaks out of the old tradition of management-as-control, often top-down. Redefining
resource to refer to ecosystem services and human well-being (consistent with the Millennium Ecosystem
Assessment), and management to refer to governance, learning and adaptive management, focuses
attention on maintaining the productive capacity and resilience of linked social-ecological systems.
We do not, however, have a good understanding of how these conceptual shifts may help cope with global
change. Compared to previous generations, the contemporary resource manager has to deal with a number
of new considerations. Global change processes include large-scale environmental change (such as climate
change and biodiversity loss). Many of these processes are driven by globalisation, defined here as the
compression of space and time scales with regards to flows of information, people, goods and services.
These two processes interact but are conceptually distinct. Drivers associated with globalisation include
environmental movements that can influence the activities of fishing fleets; eco-labelling that can shape
fisheries practices, marketing structures and the species and areas targeted; and the rapid development and
invasiveness of international markets in shaping fisheries management at the local, national and international
levels. But globalisation also includes deliberately introduced measures such as the FAO Code of Conduct for
Responsible Fisheries and UN Millennium Development Goals. These measures also act as drivers as they
bring in new national and international policies that may influence the way marine systems are managed.

9 July, 09:00-09:45 (K2)

Local signals of environmental change: coupling, signals, and responses
Bonnie McCay
Rutgers University, 55 Dudley Road, New Brunswick, NJ 8901, USA. E-mail: mccay@aesop.rutgers.edu

The idea that ecosystems involve ‘coupled’ interactions between human and non-human attributes of the
systems raises questions about the nature of the ‘couplings’ or linkages and what the interactive relationships
are. It is also important to reconsider the general roles of humans in the systems. From the perspective
of ecology, the focus on the human dimension has typically been on anthropogenic sources of change to
the state of non-human variables in the system. From the perspective of the social sciences, the focus is
usually on the ‘social impacts’ of changes in natural, social, and regulatory dimensions of the systems. From
the perspective of complex adaptive systems theory, the human dimensions aspect should also explore
how people and their institutions respond to signals of change, and in turn how their responses feedback
21

Coping with Global Change in Marine Social-Ecological Systems
to the system. In addition, people need to be respected as witnesses, as creators and repositories of
information and understanding, and as ecosystem crafts folk or designers. I will consider these aspects of
human dimensions through case studies of commercial fisheries in Newfoundland, Canada, Baja California,
Mexico, and New Jersey, USA and of the evolving science of ecosystem-based management.

10 July, 09:00-09:45 (K3)

Vulnerability, adaptive capacity and resilience in coastal social-ecological systems
Katrina Brown
School of Development Studies, University of East Anglia, Norwich NR4 7TJ, UK. E-mail: k.brown@uea.ac.uk

This presentation will present an overview of vulnerability, adaptation and resilience in marine and coastal
social-ecological systems. It synthesises local community, regional and global analyses to identify the
sources of adaptive capacity and the opportunities to build resilience from a range of perspectives and
scales. It also examines how different perceptions and experience of vulnerability to a range of stressors
can inform our understanding of resilience and adaptive capacity. The presentation will also report on
research in eastern Africa and western Indian Ocean which uses a range of techniques to build up a
multi-dimensional and socially differentiated view of resilience to a range of climate change impacts and
how these interact with other pressures, both endogenous and exogenous, on coastal social ecological
systems. It suggests how a dynamic and interdisciplinary analysis of vulnerability and adaptive capacity
can inform policy interventions to build more resilient systems.

11 July, 09:00-09:45 (K4)

The social tipping point: can policy catch up with the science of global climate
change?
Judith T. Kildow
Monterey Bay Aquarium Research Institute, 7700 Sandholdt Rd, Moss Landing, California CA 95039, USA. E-mail: jtk@mbari.org

Economic indicators increasingly play a role in climate change decisions. Cap and trade policies and
economic investments in new technologies to ameliorate the effects of climate change are examples of
the use of these indicators to reflect scientific predictions. Private capital markets have begun to adjust to
the probabilities of large economic dislocations. Examples of how economic indicators based on scientific
evidence can drive changes in governance by reflecting vulnerabilities and underlying resiliency in industries
and communities to inform decisions are only now being analysed by academics, industry and governments,
although the insurance industry has done this for years. In Louisiana, scientists’ predictions that a large
hurricane would strike as nearby ocean waters warmed and climate patterns changed were coupled with
published economic reports that almost 50% of Louisiana’s economy was located in vulnerable, low-lying,
coastal areas. Further, the natural systems that protected these coastal areas, and the economy, had
already been badly damaged by unenlightened natural resource practices. That should have been enough
to catalyse government policies to attempt to meet the threat. Yet, post-Katrina, it is clear that scientific
and economic forecasts were not sufficient to make a difference. What is clear is that the impacts on
government budgets and losses to citizens were too large to ignore. Given the state of the science and the
credible estimates of the actual costs of such an event in terms of lives lost, damage to social, natural and
physical structures, and a severe economic decline, why didn’t politicians heed the advice of scientists and
economists? Surely, something stood in the way between knowledge and practice.
Clearly an ingredient was missing that must be present for even obvious information to impact policy:
political will. This can come either from the desire of those in power to stay in power, or as a result of
pressure from the aggregate demands of their constituencies. It is of interest to note that in the US in the
aftermath of Katrina, proactive policies were triggered in numerous coastal states - not at the federal level,
but at the state level. Locally, citizens - even those outside the Katrina impact zone - could relate personally
to the predictions of climate change impacts from ocean storms and sea level rise. It is at the local and
state levels that policy activities have flourished over the past few years. Ultimately these pressures will
filter up to the national level through representation, but grass roots responses move slowly. If society is to
meet the looming challenges from climate change, certainly slow change is not the answer.
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Where is the social tipping point when government and the public supporting it make the connection, setting
the course for new thinking? Scientists are looking for environmental “tipping points” or points of no return
for uncontrollable, cascading planetary processes. On balance, society must reach the tipping point that
addresses the environmental changes underway. What economic indicators can track the societal “tipping
point”? How will we know when society recognises there is a crisis? As Andrew Revkin wrote recently in the
New York Times, we must understand the meaning of the term “crisis” when we speak of climate change.
It doesn’t mean catastrophe or imminent demise; rather, it means “a crucial or decisive moment, a turning
point, a state of affairs in which a decisive change for better or worse is imminent.” As he observes, “the
entire world now really does have a critical choice to make.” Science reliably tells us the threat is real.
Humans have set in motion a series of unprecedented changes to our planetary systems that challenges
scientific capabilities of prediction and policy makers’ capacity to make decisions under uncertainty.
Does Katrina provide reliable lessons for our response to global warming? It is but a small example of
the challenges that lie ahead. Scientists predict evolving climate patterns will raise sea temperatures and
sea levels, will change ocean chemistry threatening ocean biodiversity, and raise the bar for those whose
governance must provide major societal responses to avoid catastrophic impacts. Clearly, an issue of this
magnitude with such high uncertainties poses enormous challenges to the institutional foundations of a
policy-making world demonstrably risk-averse and uncomfortable when making decisions that combine
uncertainty with intergenerational reach. Part of the timidity lies with the rate of global change: the slower
environmental changes occur the more likely life can adjust; to slow the rate of environmental change
requires rapid societal changes with accompanying higher up-front costs. But, slow societal changes will
surely trigger rapid environmental changes that require even higher future costs from impacts.
Perceptions of economic risk will determine the societal tipping points. Policy responses to these threats
require a major paradigm shift - a global mobilisation unprecedented in history; a Third Industrial Revolution,
and changing attitudes toward risk. Such a shift will require collaboration on national and international
scales, money in unprecedented amounts, new thinking and new partnerships. Economics quantifies the
expected impacts, and provides a bridge between the science and the needed changes in laws and policies,
a bridge we can only hope the policy makers will learn to cross.
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Scale vulnerability and resilience: case studies and
integrated approaches to the study of change and
drivers of change in marine social-ecological systems

8 July, 10:45 (S1-O1)

A bio-economic analysis of changes and drivers of change in fisheries of the Bay of
Biscay
Olivier Thébaud1, Pascal Le Floc’h2, Fabian Blanchard1, Jean-Charles Poulard1 and Fabien Steinmetz2
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A growing number of studies have shown that major changes are occurring in the composition of fisheries
production worldwide. Selective fishing pressure on more highly valued components of fish communities
leading to their overexploitation/depletion, and its indirect effects via trophic interactions, are amongst the
key factors proposed to explain these changes. Under de facto open access conditions, it is suggested that
sequential over-harvesting of higher valued fish and/or fish species leads to modifications in the structure
of both fish communities and fisheries landings at various scales. A central assumption here is that large,
slow-growing, late reproducing, low fecundity, predator species are more highly valued, while at the same
time, they are more sensitive to fishing mortality than small, fast-growing, early-reproducing, prey species,
often lesser valued. Changes in the physical environment of fish stocks, in particular global warming, can
also impact population distribution areas and population dynamics (recruitment, growth, reproduction and
mortality), hence the structure of fish assemblages and of landings derived from their exploitation. This
has also recently been proposed as a driver of changes in fish communities, which can interact with the
effects of fishing. The aim of this paper is to present an integrated analysis of the role of ecological and
economic drivers on long-term modifications in the structure of fisheries production, and of the potential
economic impacts of these changes. The analysis focused on trends observed in the landings of French
fishing fleets over the last two decades. Landings series were considered at various scales, ranging from
the entire fish production derived by French vessels from the northeast Atlantic to the production of selected
fish species harvested in the Bay of Biscay. Changes in the composition of landings were described, and
compared to changes observed from scientific surveys in the same areas during the same period. Their
potential determinants were analysed, and implications in terms of the total value of fish production were
investigated. The role of economic drivers in explaining the observed trends is discussed. These drivers
include modifications in the structure of the French fleets operating in the regions considered, and changes
in the marketing conditions for the fish landed by these fleets.

8 July, 11:00 (S1-O2)

State transitions of ecological systems as a driver of social change and how adaptive
social change can help stabilise ecological systems
Jae Choi
Bedford Institute of Oceanography, 1 Challenger Drive, P.O. Box 1006, Dartmouth, NS B2Y 4A2, Canada. 			
E-mail: choij@mar.dfo-mpo.gc.ca

Significant social and ecological change has occurred in Nova Scotia, Canada over the past 30 years.
Driving much of the change in this region that is heavily dependent upon fishery resources, has been the
rapid collapse of demersal fish and a subsequent fishing moratorium on the northwest Atlantic continental
shelf in the 1990s. We describe some of these changes and examine the possible causes for this transition
to an alternate state: fishing, environmental change due to cold bottom temperatures, habitat degradation,
alterations in system productivity, food web alterations and associated trophic interactions/cascades, and
seal predation. Even with almost two decades of study, no consensus exists as to which mechanism(s)
are maintaining the ecosystem in this evidently perturbed, yet seemingly hyper-stable state. Building a
resilient social-ecological system has therefore been hampered by a lack of scientific clarity, resulting in
divergent management and scientific efforts to designed to both return the system to the former state and
others designed to exploit and maintain the status-quo. Currently, new empirical evidence suggests that
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the most parsimonious cause of this hyper-stability may actually be biological in nature: intense competitive
interactions occurring in small size classes. This ‘allometry of competition’ hypothesis is robust, providing an
explanation for the persistence of poor (thin) fish condition even at low abundance and the unprecedented
declines in size-at-maturity, size structure and dramatic changes in species composition of the shelf biota.
Ultimately, runaway Darwinian selection for individuals able to grow, mature and reproduce rapidly is
evidently classical r-selection. This evidence is illustrated and how such information may assist decision
makers to develop more resilient social and ecological system is discussed.

8 July, 11:15 (S1-O3)

GIS based spatio-temporal analysis of a marine social-ecological system for sustainable
management of fishery resources: the Tamil Nadu coastal region (India) during preand post-tsunami
Ramasamygowder Jaganathan, Bhaskaran Govindarajan and K.B. Radhika
Department of Geography, University of Madras, Chennai, Tamil Nadu 600005, India. E-mail: rjnathan@hotmail.com

Tamil Nadu plays a vital role in the fishing industry in India, its coast covers nearly 1076 km and touches
both the west and east coasts of India and constitutes around 15% of the Indian coastal length and also
contributes about 19% of the marine product of India. The coast of Tamil Nadu is divided into various fishing
zones for the convenience of study by various departments. The Marine Fisheries Department uses the
following coastal zones: 1) Coramandal Coast, 2) Palk Bay, 3) Gulf of Mannar and 4) West Coast whereas
the Fishery Survey of India uses degrees of latitude. These zones cover 13 coastal districts of Tamil Nadu
in which the number of fishing villages are 591. The average number fishermen per village is about 1360.
The unpredictable tsunami which hit the coastal region of Indian Ocean on 26 December 2004 was one of
the worst natural disasters which the world ever has experienced. The tsunami brought massive damage
to the socio-economic life of the people in the region. The area between10°N to 12°N latitude and 80°E to
84°E longitude was most affected areas of Tamil Nadu. This study investigates the impact of tsunami on
marine fishery resources of Tamil Nadu, including a spatio-temporal study of fish landings during the period
1997-2006 for the pre- and post-tsunami period. Data was obtained from the Marine Fisheries Department
of Tamil Nadu, the Bay of Bengal programme, the Fishery Survey of India and internet sources. The data
shows the decline of fish landings of certain species or groups of fishes in the area 10°N to 11°N in the
depth zone of 50-100 m whereas at 12°N there was an increase in catch rate during the post-tsunami
period. The post-tsunami period has shown 1% increase in the marine fishery product in Tamil Nadu. This
hike can not be considered as a growth of the fishery product in the region because the number of fishing
gears and crafts has increased compared to the pre-tsunami period. The study also shown that the social
and economic systems of the study area changed dramatically. An integrated GIS approach has been used
to map the spatial and temporal changes of fishery resources, the coastal community and socio-economic
dimensions. The present paper also examines the social and physical vulnerabilities and human security
of the study area through mapping techniques.

8 July, 11:30 (S1-O4)

Climatic and environmental changes in coastal areas of south-western Nigeria:
implications for rural fishing communities
Ibidun O. Adelekan1 and Tosan B. Fregene2
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The coastal waters of Nigeria fall within the Guinea Current large marine ecosystem, an important centre of
marine food production in western Africa. Fisheries are consequently significant to the livelihood of a large
population of rural coastal dwellers who engage in artisanal coastal fisheries. Climatic changes observed
as increasing frequency of storm surges, changes in the wave climate, increased rainfall and floods during
the wet season months of April to October have implications for the livelihoods and sustainable development
of many rural fishing communities. Other natural and anthropogenic activities including coastal erosion and
accretion, oil exploration and other industrial activities are further stressors in this rapidly changing coastal
environment. This paper employs the Pressure-Activity-State-Impact-Response (PASIR) framework, with
its unique ability to trace the chain of causality, to explore the implications of climatic and environmental
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changes impacting on Nigeria’s low-lying coastal area for fishing communities that depend on the marine
ecosystem. Five out of twenty four fishing communities, with a total population of about 20,000 fisher folks,
straddling 15 km of Nigeria’s 853 km coastline provide case studies of interrelations of artisanal fisher folks
and fishing communities to global and local environmental changes within the context of inadequate social,
economic and governance systems. Participatory rural appraisal techniques including community time lines,
seasonal calendars, problem tree analysis, focus group discussions, and key informant interviews together
with the administration of questionnaires to 152 households were employed in assessing vulnerabilities, and
understanding the responses of fishing households and communities to identified environmental pressures.
Results show that indigenous adaptation strategies to deal with current climatic and environmental changes
in the local environment, though varied and distinct between fishing households and communities, are
grossly inadequate to cope with the range of impacts thereby making livelihoods and socio-economic
development unsustainable. Without appropriate government structures at different levels, coping with
global changes will be elusive for rural coastal fishing communities who depend mainly on the marine
ecosystem for their survival.

8 July, 11:45 (S1-O5)

Fishing communities’ vulnerabilities to climate change: building adaptive capacity in
two coastal lagoons in southern Brazil
Daniela Kalikoski, Tiago Almudi and Pedro Quevedo Neto
Fisheries Department, UN FAO, Viale delle Terme di Caracalla, Rome 153, Italy. E-mail: danielak@furg.br

Fishing communities’ vulnerabilities to climate and environmental change is a major issue in the governance
of fisheries resources and has a direct effect on human security, livelihoods and rights. In this paper we
explore the dynamics of social-ecological systems in two coastal lagoons in southern Brazil: the estuary of
the Patos Lagoon and the Peixe Lagoon. The paper aims at identifying the key factors that increase and/or
minimise the vulnerabilities of the fishing communities in these lagoons with the objective of understanding
a) the degree to which fishing communities are able to build adaptive and learning capacities to minimise/
reduce vulnerabilities and maintain their livelihoods; and b) how and under which circumstances external and
internal factors may influence and disrupt the social-ecological resilience in these two lagoons. Preliminary
results show that fishing communities with a higher degree of self-organisation were able to create ways
to minimise their vulnerabilities in adverse climatic conditions. Despite that, only a few communities
have developed adaptive mechanisms to cope with the influence of climate over resource abundance
and availability. Little external institutional support for small-scale fishing communities, erosion of their
traditional resource use systems (e.g. informal rules and agreements among fisherfolk), and a decrease in
fishing stocks in the recent decades, are factors leading to a gradual increase in the vulnerability of fishing
livelihoods in these lagoons. The uncertainties associated with the climate have shown to be quite relevant
to increasing vulnerability and directly influencing the degree of resources conservation and exploitation.
The lack of public policies to deal with the impact of climate change on the livelihoods of fishing communities
and the presence of still weak institutions that allow for the inclusion of fishers in resource governance
represents a major threat to the social security of fisherfolk.

8 July, 13:30 (S1-O6)

Fisherfolk migration as a response to ENSO-induced climate variability in Peru:
adapting for the best?
Marie-Caroline Badjeck, Flora Vadas, Matthias Wolff and Jaime Mendo
Center for Tropical Marine Ecology, Fahrenheitstr. 6, Bremen D-28359, Germany. E-mail: mc_badjeck@yahoo.com

The warm phase of El Niño Southern Oscillation (ENSO), also known as El Niño, is characterised in Peru
by positive sea surface temperature (SST) and negative sea level pressure anomalies. Biotic responses
to this event include changes in species composition, abundance and biomass, changes in reproductive
success, larval dispersal and recruitment, as well as changes in food availability, competition and predation.
These changes have impacts on human communities depending on fisheries resources for their livelihoods.
This paper explores how individual fishermen responded to ENSO events, with particular emphasis on the
role of migration as an adaptation strategy. The research was carried out at two sites in the north (Sechura)
and central-south (Pisco) of Peru. While both sites have different histories of El Niño Southern Oscillation
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(ENSO) - related impacts, they share the fact that the artisanal fishing sector plays an important role in the
local economy. At both sites the research focus was on the diving fishery and artisanal fisheries using nets,
trawls and hooks. Primary data were collected through interviews and workshops with key informants from
government agencies, fishermen associations, and non-governmental organisations and a sample survey
of 572 fishermen. Individual fisherman responses to climatic events are mainly centred on diversification
within fishing activities and shifts in geographical location and/or occupation. When examining “pull”
and “push” factors for migration movements, the boom of the scallop fishery in Pisco during El Niño was
identified as a main pull factor here while the impacts of El Niño-induced floods in Sechura where identified
as the main “push” factor. In Sechura, migration is a recent phenomenon and migrants have a greater
tendency to settle with more than 40% of fishermen currently being from outside the province. This is due
to “pull” factors such as the high scallop productivity of Sechura bay in normal years and the profitability of
shrimp, squid and giant squid fisheries due to high abundance of these species. In Pisco, migration was
found to be of short duration and related to the scallop population outburst, with currently more than 80% of
artisanal fishermen being from the province of Pisco. The type of fishing activity fishermen are involved in
and conditions on board (crew or owner) were found to be important variables defining migration patterns.
The decision to migrate, however, is not controlled exclusively by individuals: factors such as cultural and
social processes, networks and changes in property right regimes over time play a role in shaping migration
behaviour. Additionally, the sudden short-term or seasonal migration waves during El Niño in Pisco and
long-term migration trends in Sechura result in conflicts and hap-hazard exploitation of fisheries resources,
especially in the case of the diving fishery. Migration as an adaption strategy may thus be beneficial in the
short term for individual fishermen. In the long term, however, these migrations disrupt the socio-economic
structure of fishing communities and, in the absence of adaptive management plans, may not allow for an
efficient local fisheries management to be implemented.

8 July, 13:45 (S1-O7)

Fisheries communities’ migrations in west and central Africa: the need to integrate
migrants in fisheries management
Jean-Calvin Njock1 and Lena Westlund2
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Migration constitutes one of the strategies fishing communities often use in order to secure their livelihoods.
This paper analyses the patterns of migrations in West and Central Africa based on case studies from
selected countries and argues that the understanding of fishing communities’ movements can help to
formulate national and sub-regional fisheries management policies and plans. It attempts to shed light
on who migrates and the reasons behind mobility and discusses integration of migrants in receiving
communities and their roles in local production systems. It also analyses how the interests of residents
and migrants can best be accommodated for mutual benefit in the context of resource management and
poverty reduction. The central question of how migrant and mobile fishing communities can become part
of devolved fisheries management systems, which are generally based on extending stewardship to local
communities, is addressed in the light of the Sustainable Fisheries Livelihoods Programme’s experience
and lessons learnt by the programme.

8 July, 14:00 (S1-O8)

Middlemen as critical links in social-ecological systems
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To achieve sustainable resource management it is imperative to capture the feedbacks between ecological
and social systems. The concept of linked social-ecological systems (SES) represents a departure from
conventional management philosophy by treating the two as an integrated system. In this context, we
investigate the role of middlemen (fishmongers) in small-scale fisheries in East Africa and their influences
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on resource exploitation and dynamics. Interviews were conducted with fishermen and middlemen
from eleven villages on the coast of Zanzibar, Tanzania and the south coast of Kenya. Results show
middlemen as a key link that shape the coastal ecosystem by connecting resource extractors to fish
markets and by providing a capital market. Fishermen are tied to middlemen through credit extension
resulting in a facilitated entrance into the fishing profession, but also a restrained livelihood diversity.
The function of middlemen as the link between markets and fishermen creates a continuous exploitation
pressure on fish stocks and affects resource status and dynamics. We argue that although middlemen
have short-term stabilising effects on the social system by providing financial guarantees during
periods of lower catches, they seemingly push the management system in a direction that disconnects
extraction pressure from monitoring, responding to and learning about the dynamics of fish populations
for sustainable harvests. They also seemingly halt the development of alternative livelihoods, which
may cause increased vulnerability in the long-term. These roles of middlemen are seldom accounted
for in fisheries governance structures. We outline three future trajectories for small-scale fisheries in the
region and discuss the role middlemen may play in shaping these under the influence of external drivers.
Because of their significant function in coastal social-ecological systems of East Africa, we propose the
development of policies that make use of middlemen for improved governance of fish stocks and coastal
ecosystems.

8 July, 14:15 (S1-O9)

The dynamic interaction among governance, social conflict, adaptive responses,
mitigation, and scientific uncertainty: the case of fisheries crises in Chile
Renato Quiñones and Manuela Venegas
University of Concepcion, Barrio Universitario S/N, Casilla 160-C, Concepcion, VIII Region, Chile. E-mail: rquinone@udec.cl

Among the most important global changes affecting marine ecosystems are fisheries overexploitation,
loss of biodiversity, pollution and habitat loss. In ecosystems where, in addition to these factors, there
is strong physical variability, the uncertainty in forecasting population and community dynamics is very
high and, consequently, the challenge for conducting sustainable management is formidable. The eastern
South Pacific (ESP) is one of the most productive fisheries regions of the global ocean. The ESP is
directly affected by the El Niño/Southern Oscillation (ENSO) phenomenon, which is the strongest natural
interannual climate fluctuation known. Therefore, the ESP provides a ‘natural experimental setting’ to
study, within a context of significant environmental and scientific uncertainty, the performance of different
fisheries and conflict management strategies as well as adaptive responses in social-ecological systems.
During this decade, Chile has confronted two major fisheries crises: jack mackerel (Trachurus symmetricus
murphyi) and common hake (Merluccius gayi). The first, which affected the most important pelagic fisheries
of the country, generated a loss of 2900 and 10700 direct and indirect jobs respectively in central-southern
Chile. Overfishing and the effect of the El Niño in 1997-1998 have been considered as the major factors
generating this crisis that lasted from 1997 to 2002. In the case of the common hake, which is the main
demersal resource in central Chile, the dramatic drop in biomass started in 2004 and the crisis is still taking
place. In central-southern Chile, approximately 1300 artisanal fisherman lost their income totally or partially
and about 500 direct jobs in the industry have already been lost. There is still controversy regarding
the relative importance of each of the factors triggering the decrease of hake biomass but it is clear that
overfishing, predation by the jumbo squid (Dosidicus gigas), and recruitment failures played a major role.
These two crises have had such an enormous social, economic and political impact that have modified
in many ways fisheries management in Chile. Significant adaptive responses by all actors (public and
private) involved in both crises took place. Here, based on the fisheries crises in central-southern Chile,
we examine social, economic, and political impacts of these crises with special emphasis on the following
issues: 1) adaptive responses by all actors including changes in national policies and legal framework,
2) governance in fisheries crises, especially, legitimacy and representativeness during decision making
processes, 3) roles played by scientific uncertainty and communication strategies in modulating social
tension and conflict in the course of a fishery crisis, and 4) the challenges of governmental intervention
programmes to mitigate the social crises. The complexity and diversity of responses observed in this
social-ecological system reinforces the need for further development of sound interdisciplinary science
of complex, multilevel systems able to seriously contribute to the solution of fisheries crises in a socialecological context.
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Interactive responses of natural and human systems to marine ecosystem changes
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Dramatic changes (“crises”) in marine ecosystems can have significant impacts on marine-dependent
human societies, but how these societies respond to these impacts also affects marine ecosystems. Such
interactions are key characteristics of coupled marine social-ecological systems, which have both natural
(non-human) and human sub-systems. We explore the coping responses (in the short term) and adaptive
capacities (in the longer term) of marine ecosystems and human societies to significant environmental
changes and intensive fishing using a case studies approach involving 5 ecosystems: NE Atlantic (Barents
Sea), NW Atlantic (Newfoundland), NE Pacific, SE Atlantic (northern Benguela) and equatorial region
(Guinea Current). Responses of the natural marine sub-system at shorter (coping) scales include altered
migration and distribution patterns, changes in species composition, and changes in available prey. At
longer time scales, adaptive responses include changes in size composition within species and increased
turn-over rates, changes in abundance, and changes in food web dynamics and structure. Common
responses of the human sub-system at shorter time scales include intensification of fishing; diversification of
locations, times and habitats for fishing, migration, and “riding out the storm”. At longer time scales, adaptive
capacities include diversification outside of fishing, networking, education, political action, and/or termination
of communities. At shorter time scales, coping responses by both natural and human sub-systems have
common elements. At longer time scales, many of the adaptive capacities of the human sub-system have
no analogs in the natural sub-system. This creates a potential divergence in the longer term consequences
of human adaptations to marine environmental crises compared with those of natural sub-systems.

8 July, 14:45 (S1-O11 Invited)

Building adaptive capacity in fisheries impacted by global change: case studies from
Iceland and Alaska
James McGoodwin
University of Colorado, Hale Science 350, 233 UCB, Boulder, CO 80309, USA. E-mail: James.McGoodwin@Colorado.edu

The recent (2007) IPCC reports conclude with virtual certainty that a global warming trend is underway, prompted
by anthropogenic emissions of CO2 and other greenhouse gases. Various forecasts of the consequences of this
change for the earth’s natural ecosystems and global humanity have been proposed, ranging from the relatively
benign to the truly catastrophic. This paper first discusses the impacts that are forecast for marine ecosystems
and the world’s fisheries. Next it discusses impacts that are forecast for fisheries in high-latitude regions,
where the impacts of global change are forecast to be especially severe. While the warming trend is virtually
certain and forecast to continue for a long time to come, forecasts of its impacts in specific fisheries in specific
regions are currently characterised by high degrees of uncertainty. Therefore, until a global monitoring system
is in place many scientists suggest that forecasting global warming’s impacts on fisheries will have to rely to a
great degree on case studies that link past climate and marine-ecosystem changes with changes in fisheries.
Three case studies from high-latitude fisheries are presented. The first describes a large-scale, fully modern,
export-oriented commercial fishery in Iceland; the second a medium-scale, fully modern, export-oriented
commercial fishery in Alaska; and the third a small-scale, under-developed, subsistence-oriented native fishery
in Alaska. In each of these studies the central concern was to discover how fishing people in these regions had
responded and adapted to past climatic and marine-ecosystem variability, on an assumption that this would
provide important clues concerning how they may respond and adapt to longer-term global change. A number
of management and policy suggestions have thus emerged regarding how the foregoing high-latitude fisheries
might build their capacities to adapt to future global change. The paper concludes with general suggestions for
how fisheries anywhere in the world may build their capacities to adapt to global change.
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Allocation decisions and the consequences to small-scale fishing communities
targeting Atlantic billfish
Ayeisha Brinson and David Die
University of Miami/RSMAS, 4600 Rickenbacker Causeway, Miami, FL 33149, USA. E-mail: abrinson@rsmas.miami.edu

In today’s marine sociocultural environment, both communities and fishery resources are vulnerable to
change. Fishery resources are at risk of overexploitation, changing dynamics, etc. Fishing communities
are at risk from competing interests (e.g. tourism development), lack of employment opportunities and
barriers to socioeconomic improvement. Overcapitalisation and resource overexploitation continues in
many fisheries around the world. In addition to overcapitalisation and overexploitation, there has been a
shift in attitudes and norms that has affected fishery management. Catch and release is now the prevailing
norm in recreational fisheries for certain charismatic species, e.g. billfish. Management strategies
reflect this norm and strategies are implemented or proposed to stop overexploitation and promote stock
rebuilding. Industrial and small-scale fleets continue to harvest these species (either directly or indirectly).
Management strategies may not necessarily coincide with the motivations of these other fleets, particularly
small-scale fleets who may be primarily concerned with providing food and employment opportunities.
How does risk and vulnerability affect the motivations of fishery users, like small-scale fishermen? How
does their vulnerability affect the management strategies for complex fishery resources, like billfish? A
case study approach will be used to address these questions. Survey questionnaires were completed with
small-scale fishermen in Venezuela and Ghana in 2003 and 2005, respectively. Results of the surveys
indicate that fishermen are experienced, older, live in impoverished conditions and few perceive a decline
in billfish resources in the past decade. A hypothetical fishery allocation agreement and the consequences
to small-scale fishing communities will be discussed.

Poster S1-P2

The Douala coastal lagoon complex, Cameroon: environmental issues
Philip Elondo and Chebo Asangwe
Caucus of Parliamentarians for Environmental Protection, Yaounde 237, Cameroon. E-mail: ircdcm@gmail.com

The littoral zone of Douala in Cameroon depicts an interesting physiography dominated by hydrogeomorphic characteristics of immense sustainable potentials to its teeming urban human population
growth. The Douala coastal lagoon complex is easily the dominant feature with richly endowed natural
and socio-economic resources along the littoral zone of Cameroon. It is fed mainly by the River Wouri,
evolving a maze of creeks and lagoons about 50 km from the Atlantic Ocean, with its largest surface extent
north of Bonaberi, to the north west of metropolitan Douala. The Douala lagoon system describes a major
consequence of the Tertiary to early Quaternary period, particularly of the Holocene marine transgressions,
which witnessed the drowning of the estuarine system of the River Wouri. This expansive lagoon system of
Douala today is being inflicted with hydrogeomorphic changes due to rapid urbanisation on the fragile landwater ecosystem. The land-water ecosystem of lagoon-creeks inlets, tidal mud flats, estuaries, mangroves
and wetlands, which provide critical coastal habitats for socio-economic activities now face destruction due
to increased spatial growth of the Douala metropolitan area. Easily the most urbanised centre in Cameroon,
metropolitan Douala has witnessed extensive spatial expansion, which has provoked certain observable
environmental problems on the lagoon complex and the wetlands. These are in form of reclamation for
expansion of urban sprawls, wetland conversion for industrial infrastructure and development with resultant
increased discharge of effluents. In spite of the limitations and restrictions imposed by the lagoon surface
water and the difficult terrain of its marginal lowlands, it appears that the rate of interference would continue
unabated. The effects of these has seen impaired water quality in the contamination of surface and ground
water sources, public health hazards, wetland loss, subsidence and flooding.
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Fish, fishers, industrial fishing, intermediaries, watershed contamination, sea
contamination: can virtuous behaviour disrupt vicious chains?
Valentina Giannini
School of Forestry and Environmental Studies, Yale University, 205 Prospect Street, New Haven, CT 06511, USA.		
E-mail: valentina.giannini@aya.yale.edu

Fish landings are diminishing in the Bahía de Amatique, following a worldwide trend. There are several
causes, some more evident than others, acting on different scales and involving different issues. Some
of the most evident causes have a biophysical nature, such as overfishing and pollution. These evident
causes are actually the effects of other, less evident, social and economic drivers, such as the presence of
intermediaries, reducing profit to fishers. All have consequences for the livelihoods of coastal populations.
Many are linked in cause-effect relations. I will try to understand how these cause-effect relations work,
and how they can be disrupted to ameliorate the livelihoods of artisanal fishers and their communities. I will
do so through the analysis of a case study: the ‘Red de Pescadores Artesanales del Caribe Guatemalteco
y Lago de Izabal’ (Red) -Network of the artisanal fishers of the Guatemalan Caribbean and of Lake Izabalbased in Livingston, Guatemala. The Red was established on the 2nd of February 2004, based on the
recognition by fishers of common needs and the determination to find solutions to common problems. I
will analyse the projects and goals of the Red in relation to the changes that have taken place since its
foundation. I will also propose strategies the Red might consider putting into effect to tackle some of the
bigger scale issues, such as watershed contamination. In the present situation the Red is waiting for one of
its first projects ‘Centro de servicios para la pesca artisanal en el Golfo de Honduras’ (CESPAGOH), the fish
processing centre in Livingston, to start its operations. The idea behind the CESPAGOH was to increase
the price per unit of fish caught through local value-added industries, thus diminishing pressure on the
resource. This project represents a good opportunity to understand the effects of avoiding intermediation
on the economy of local communities, establishing whether this is an option for conservation.

Poster S1-P4

The analysis of the size structure of the yellowfin tuna Thunnus albacares (Bonnaterre,
1788) captured among different herds of dolphins in fishing sets carried out by the
Mexican purse-seine fleet in 2001-2002
Diego Ibarra, Ramón Morán-Angulo and María Valdez-Pineda
Universida Autonoma de Sinaloa, Paseo Claussen S/N Colonia Los Pinos, Mazatlan, Sinaloa 82000, Mexico. 			
E-mail: diego_2208@hotmail.com

The size structure of the yellowfin tuna (YFT) caught in the fishing sets among the various stocks of dolphins
was analysed. These were managed by the Mexican purse seine fleet which operates in the eastern
Pacific Ocean. The area included in the study is located between the parallels of latitude 30°N and 20°S,
and from the coastal line until the longitude meridian of 150°W. Between 2001 and 2002, 11,054 species
from different fishing sets were caught by the Mexican purse seine fleet. The observers on board gathered
and analysed the data. The information processed comes from the database of the Mexican Programa
Nacional de Aprovechamiento del Atun y de Proteccion de Delfines. In general, the size structure of the
catch showed several different sizes, with a tendency towards long lengths such as 93 cm to 109 cm and an
average size of 99 cm ± 25.33 cm. The shortest length was noted to be 21 cm, whereas the longest length
was 213 cm, and 4% of the total catch was 97 cm. By the geographic area, the size structure of the YFT
shows us that the largest rank in sizes and the greatest length appears in areas 2 and 4 in the total time
period studied. The comparative analysis of the size structure of the YFT, which was associated with three
different types of dolphin stocks, showed that the spotted dolphin (Stenella attenuata) was the most viable
for efficiency in the catch by the Mexican purse seine fleet. In this particular stock the greatest number of
the largest tuna appeared. The size structure of the YFT associated with the common dolphin stock, which
had a large herd in area 1, had the least number of species of tuna, totalling 29, and had an average size
of 69 cm and a maximum size of 130 cm. The size structure of the YFT associated to the spotted dolphin
stock, with a medium-sized herd in area 2, contained the greatest number of species of tuna, totalling 2503,
and with an average size of 103 cm and a maximum size of 213 cm.
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Fisheries development in conjunction with the changes in climate and social systems
in northeastern Asia
Suam Kim
Pukyong National University, 599-1 daeyeon3-dong, Nam-gu, Busan, 608-737, South Korea. E-mail: suamkim@pknu.ac.kr

The population density of northeastern Asia is the highest in the world. Populations in China, Japan and
Korea exceeded 1520 million people in 2004, among which about 600 million resided within 100 km of
the coast. Due to the fast industrialisation and urbanisation in China and Korea, the human environments
have seriously deteriorated. The rate of global warming in the area appears to be double that of the global
average, and consequently people have been experiencing the hottest summer on record almost every
year. In addition to climate change, the changes in social structure, political regime, and economic status of
the nations are very dynamic. Therefore environmental change is becoming a hot issue, because climate
change and anthropogenic activities have seriously influenced terrestrial and marine ecosystems and
social structure. In the ocean, global warming has affected the marine ecosystem, sea surface temperature
and sea level. The intensive human activities such as overfishing, damming and aquaculture influence
aquatic ecosystems and environments. Annual fisheries production in the northwestern Pacific Ocean
(except Russia), FAO statistical area 61, has increased from 22 million MT in 1981-1985 to 57.5 million
MT in 2001-2005. Although the area occupies only 6% of the total ocean surface, it has produced 28%
of the total capture fishery and 75% of total aquaculture production during the period 2001-2005. Also, in
2002, the annual fish consumption per capita in China, Japan and Korea was 25.6 kg, 66.3 kg and 58.7
kg respectively (world average = 16.3 kg), and the fish protein occupied 7.4%, 25.5%, and 18.2% of the
total protein supply. The number of people employed in fishing and aquaculture is increasing in China
and Vietnam, while decreasing in Japan and Korea. In 2000, there were approximately 14 million fishery
employees in China, Japan, Korea, Taiwan, and Vietnam representing 40% of the world total. However,
in 1990 and 1980, the numbers (percentages) of people were 11 million (39%) and 4 million (26%),
respectively. Such development in fishery resources/industries could be considered in conjunction with
changes in the climate and social system. A warm climate might be beneficial to small pelagic fish in marine
waters and aquaculture species in freshwaters in addition to the increased demands fish products as the
economic situation has improved. Ecosystems have been suffering from the rapid climate/environmental
changes which were mostly induced by recent human activities, and human society, which is a part of the
ecosystem, is also struggling for adaptation from fast environmental changes. Though the influence of
climate change on ecosystems has been investigated intensively by the scientific community during the last
two decades, the relationship between ecosystem reconstruction and its effects on human society and/or
feedback mechanisms between climate-ecosystem-society were not widely studied. Special attention to
socio-ecological interaction should be initiated.

Poster S1-P6

Bottom community structure of the Moroccan upwelling system with considerations
of fishing activities
Hicham Masski1, Souad Kifani1 and Jean-Charles Poulard2
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The continental shelf of southern Morocco (21-26°N) is located on the border between the temperate and
tropical waters in the northwest Atlantic. This area is part of the Canary current ecosystem, and constitutes
an area of high biological productivity and intensive fisheries activity. The major changes occurred during
the 1960s in the bottom community composition and has resulted in the installation of cephalopods, mainly
octopuses at the expense of sparids. Overfishing has often been put forward to explain these changes,
which has led to a paradoxical situation of a state economically desirable after severe disruption of the
ecosystem; octopus is the most important species in value in the Moroccan fisheries. Nowadays, the
issues raised relate to the sustainability of fisheries in a local context of intense exploitation, and a global
context of climate change whose effects remain unclear on areas as dynamic as upwelling systems. The
work presented here deal with the structuring of bottom communities of the continental shelf of the south
zone of Morocco during the recent period (1983-2005), through the analysis of bottom trawl surveys using
a multi-table approach (STATIS). This approach is combined with the use of biodiversity indicators with the
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aim of revealing the imprint of fishing on bottom communities, identified as significant in previous work. This
work is part of a broader framework defined by the project CHALOUPE (CHAngement gLObal, dynamiqUe
de la biodiversité marine exploitée et viabilité des PEcheries: Global change, dynamics of exploited marine
biodiversity, and viability of fisheries).
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Rise and decline of the hawksbill turtle stock in the southern Gulf of Mexico as response
to short and long term environmental variation
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The number of hawksbill turtle (Eretmochelys imbricata) nests in southwest Mexico has dramatically
decreased since 2001 after a continuous rise since 1980. This phenomenon may be attributed to habitat
modification, fishing mortality and coastline erosion. Here we propose another factor, that is, long and
short term climate variability, potentially influencing the total number of laid eggs. We defined an index of
population change (N) as the ratio between the total number of nests at time t minus the number of nests
at t+1 (N=(Nt/Nt+1)-1) with the time span of N as 1980-2007. The Atlantic Multidecadal Oscillation Index
(AMO) and the North Atlantic Oscillation Index (NAO) were used as environmental variability indicators,
which summarise the status of oceanic and atmospheric conditions over the Atlantic Ocean in the northern
hemisphere. Time series were treated by time-specific trend isolation (Hamming filter) and temporal signal
identification (periodograms). By using a biomass dynamic model forced with the decadal trend of the
AMO (~10 years), 87% of the variance of N is absorbed. Residuals were correlated to the quasi-decadal
(~14 years) trend of NAO. The remaining high frequency variation is correlated with the ~3.5 year signal
of the NAO (i.e. El Niño). Although the relationship between the number of nests and the total population
size remains unknown, we hypothesize that such high frequency is strongly related to the individual nesting
frequency which also approaches 3.5 years. Further approaches are still being evaluated comparing other
modelling strategies. However, if the goal of the current conservation strategies is to at least mitigate
potential and actual threats to this species, it is imperative to discern all putative factors affecting Atlantic
hawksbill sea turtle populations, including climate change.

Poster S1-P8

Change and drivers of change in the north east Atlantic socio-ecological marine
systems: Ireland as a case study
Ilaria Nardello, Heather Cannaby, Chris Lynam and Russell Poole
Marine Institute, Rinville, Oranmore, Co. Galway, Ireland. E-mail: ilaria.nardello@marine.ie

Ireland is a young European socio-economic system spinning up from centuries of farm-based subsistence
into the welfare of an independent nation strongly relying on the productivity of its seafood sector (€702
million/year in 2006). As predicted by scientific research and demonstrated by historical records (The
Forgotten Famine, 1730-1740), abrupt climate alteration can heavily impact the Irish socio-ecological
system. According to the results of the national Marine Climate Change research programme, mean north
east Atlantic surface temperature anomalies over a time series of 150 years (HadSST2) exhibit considerable
natural variability, superimposed by a warming trend of 0.41°C directly attributed to increased atmospheric
carbon dioxide. The lower trophic level is quickly responding to the new environmental conditions, with
changes in the relative contribution of zooplankton species with different temperature affinity, and also
with the presence of alien organisms. Higher trophic levels are likely to respond more slowly to the
effects of climate change, but some fish species such as cod are intensively monitored by national fishery
survey programs as climate indicators. More complex mechanisms underlie the dramatic decrease in the
population size of the Atlantic salmon (Salmo salar) since the 1970s. The absence of the inhibiting effect
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of cold winters on parasites such as sea-lice, as well as climate-related changes of the food-web dynamics
and controls (oceanic regime shift) are viable hypotheses. Monitoring of the marine system productivity in
relation to climate changes, the development of predictive tools and mitigation/adaptation strategies are
high priorities for Ireland, representing a potential down-scaled socio-ecological response-model to the
climate change challenges.

Poster S1-P9

Marine social-ecological systems in Sri Lanka - challenges and issues: a case study of
Sri Lanka as a small island
Prabhath Patabendi
Institute of Human Development and Training, 858/6 Kaduwela Road, Malabe 10115, Sri Lanka. E-mail: ihdt@sltnet.lk

Sri Lanka is an island with a land area of 6,570,134 ha and a coastline of 1,600 km. The coastline, which
is about 1585 km in length, supports highly productive marine ecosystems such as fringing coral reefs and
shallow beds of coastal and estuarine sea grasses. The island consists of a broad coastal plain and a
central mountainous area rising to elevations of 2,500 m. This altitudinal change has caused thermal zones
and the variation in rainfall and altitude has resulted in a wide variety of terrestrial ecosystems. Additionally,
there is yet another multitude of ecosystems in the coastal and marine areas. The coastline itself consists
of a wide range of geomorphologic features such as headlands, bays, lagoons, peninsulas, spits, bars, and
islets. It encompasses a variety of tropical habitats including wetlands, lagoons and estuaries, mangroves,
salt marshes and sea grass beds, coral reefs and coastal sand dunes, barrier beaches and spits. In terms of
species, genes and ecosystems, Sri Lanka has a very high biodiversity and is one of the 18 hot spots in the
world. Sri Lanka derives nearly 20 per cent of its gross domestic product from agriculture and fisheries. The
biodiversity of coastal and marine ecosystems provides over 65 per cent of the animal protein requirement
of the country. The coast is home to a third of the population and the highly productive ecosystem is an
important base for the country’s growth. The coastal zone accounts for nearly 80 percent of fish production
and 70 percent of industrial output. Moreover, the concentration of population in Sri Lanka’s coastal areas
has contributed to the increased rate of degradation of valuable coastal habitats, such as mangrove forests,
small lagoons, coral reefs, and sea grass beds, that eventually causes collapse of local fisheries. Coral and
sand are mined for construction and other purposes. Most of the coral mining occurred along the southwest
coast. Sand is mined from river mouths and dunes such as the Kelani River and the Uswetakeiyawa area,
contributing to instability of the river and the entire beach areas. Development activities also threaten other
natural settings such as those of Hikkaduwa, a tourist destination settled about 100 km south of Colombo.
To achieve the goal of sustainable use of coastal resources there should be effective management of all
interrelated activities in coastal areas. The ineffectiveness of law enforcement alone as the means of
curbing adverse activities in coastal areas has amply demonstrated the need for adopting a participatory
approach involving the local communities. This paper will analyse the present challenges and issues in
marine social-ecological systems in Sri Lanka as a small island country and gives recommendations for the
policy makers to take action for sustainable aquatic ecosystem management.
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The century of ecosystem, social and economic changes: Polish transboundary
lagoons case study
Iwona Psuty
Sea Fisheries Institute in Gdynia, Kollataja 1, Gdynia 81-322, Poland. E-mail: iwcia@mir.gdynia.pl

Szczecin (Stettin) Lagoon and Vistula Lagoon located at the southern Baltic have a long history of
hydroengineering works and fishery exploitation. Before World War II both lagoons were in the whole
under German management. In 1945 they were divided between Poland and Germany (Stettin Lagoon)
and Poland-USSR (Vistula Lagoon). In the 1980s the transition from a state-controlled to a free market
economy in Poland was established and in 1993 the USSR collapsed. This has resulted in increasing
social and economic problems. This study analyses how overall changes in political and economic life
together with ecosystem changes observed during the last century have affected the lagoon’s fishery.
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Interactions between the atmosphere, ecosystem and marine environment in Nigeria
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Over the past decades we have witnessed extra-ordinary natural and anthropogenically-driven changes in
ocean biogeochemical composition. Most atmospheric and oceanic climatic variability have been related
to interactions between the ecosystem, atmosphere and the marine environment. Between 2004-2006
we studied the interconnection and teleconnection between the ecosystem, atmosphere and marine
environment. We noted that critical input of nutrients from riverine sources and increases in greenhouse
gases caused significant changes in biogeochemical properties of the ocean around the Lagos area of
Nigeria. In turn, the feedback to local communities has resulted in changes in their economies and diets.
More practical issues will be presented.
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Conflicts in artisan fishing activity in fishermen communities from Nayarit and Sinaloa,
Mexico
Francisco Tapia-Hernández, Jaime Ramírez-Zavala and Joel Bojórquez-Sauceda
Universidad Autóma de Sinaloa, Paseo Claussen S/N Colonia Los Pinos, Mazatlán, Sinaloa 82000, Mexico. E-mail: fjtapia@yahoo.com

This paper attempts to demonstrate how human presence is affecting fishing communities from the states
of Nayarit and Sinaloa. It describes relationships between diverse stakeholders in the coastal zone,
exploitation of fishing resources and conflicts arising from the use of these spaces. This problematic situation
illustrates the multiple challenges to decision makers to develop fishery politics in Mexico. Additionally, it
shows the wide range of troubles that face the inhabitants from these communities, notoriously lags in
societal development and pauperisation, moreover, recurring conflicts between fishermen cooperatives
and others users in the same area. Chaos generated from overlapping of fishing grounds (lagoons,
estuaries and marshes), confrontation among coastal communities and tourism enterprises because of
mega developments at the coastal zone; and confrontation among free and organised fishermen because
of legal restrictions regarding access to shrimp fisheries and other valuable resources. This problem could
be solved by implementing alternative activities (ecotourism, sport fishing, agro industry, rural tourism),
and by regulating construction at shores. These proposals attempt to improve the welfare of inhabitants at
coastal zones in these states.
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Ecological and socio-economic responses to change in subsistence fishing societies
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Traditional Fijian fishing grounds (qoliqoli) provide a useful case study of social-ecological systems subject
to ecological, economic and social drivers of change from local to global scales. Reduced goods and
services from degraded coral reef ecosystems are expected to have significant socio-economic impacts on
isolated island communities with a strong reliance on coral reefs. Socio-economic changes (specifically
fresh fish consumption and fishing activities) were investigated at five qoliqoli in the Lau Islands, where
recent environmental degradation caused by large-scale climate-induced coral bleaching and local
outbreaks of coral-feeding crown-of-thorns starfish (COTS) have been documented. Semi-structured
interviews with fishers and household members revealed that the importance of fishing was low relative to
other occupations, and fresh fish consumption had declined over the last decade. Importantly, changes in
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fish consumption and marine resource exploitation were linked to socio-economic factors (increased need
to derive income and development of new income-generating opportunities) rather than a consequence of
recent degradation of marine environments. Data from concurrent ecological surveys suggested that while
local fishing pressure continues to affect coral reef fish communities, declining fishing pressure and reduced
fresh fish consumption means loss of habitat is becoming an increasingly important driver of change. Coral
bleaching and COTS outbreaks are causing declines in coral cover and habitat complexity that influence
coral-dependant fish. Habitat impacts resulting from large-scale climate change are expected to have an
increasing contribution to change in fish community composition, and although the implications of such
change for future fisheries yields are uncertain, these findings highlight the need for greater knowledge
of the dynamics driving change in both marine ecosystems and marine resource use, the scales at which
they operate and how they interact. This information is necessary to understand how societies respond to
ecological and socio-economic change, and to identify opportunities for adaptive management in socialecological systems. Reduced reliance on marine resources may confer greater flexibility to adapt to future
ecological change in the marine environment, but may also result in a limited awareness of environmental
change, which may in the short term erode social memory and local ecological knowledge, potentially
compromising long term economic and social stability.
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Are the high seas social-ecological systems?
Internationally-shared marine resources under climate change
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Institutional structures for ecosystem-based fisheries management: ideas from
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The concept of ecosystem-based fisheries management has expanded rapidly throughout the world and
attempts to codify it are being made in the United States. For example, a variety of community-based
fishery management approaches have been suggested for small scale fisheries and the federal fisheries
management council in the Pacific Islands has proposed archipelagic-oriented Fishery Ecosystem Plans
for its various jurisdictions. At the same time, the socio-economic and institutional structure of ecosystembased management remains difficult to resolve. The challenges of integrating ecosystem knowledge into
fisheries management arise from the fact that many complex and simultaneous processes are ongoing
in the marine environment, and human activities affect these systems in many ways. The intersection
of private ownership and common use regimes exacerbates these difficulties. Thus ecosystem-based
management can be seen as the intersection of political and ownership jurisdictions with the ambiguities
of science that all this complexity implies. So it is natural that the ecosystem approach to management
involves many if not all of the same management and conservation issues as our existing mandates
but with increased emphasis on jurisdictional issues (whether domestic or international). This paper
explores these ideas in the context of fisheries management in the central Pacific, especially as related
to Hawaii.
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Fisheries policy designs in response to climate changes: a case study of the Hawaiibased longline swordfish fishery
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Like many global pelagic fisheries, the Hawaii-based longline fishery continues to face increased pressure
to reduce the incidental catch of endangered sea turtles and/or other protected species. Aggregation and
movement of both sea turtles and fish are directly associated with climatic variations and oceanographic
conditions. As a result, catch rates of both targeted species and protected species vary spatially and
temporally. Accordingly, successful policy designs of fishery management in terms of effectiveness in
turtle avoidance and commercial viability need to consider and adopt the spatial and temporal variations of
oceanographic and climatic conditions. A spatial bio-economic model was developed to incorporate sea
surface temperature (SST), lunar phase, and other variables with temporal and spatial variations. Through
the application of this model, this study explores the trade-offs between reduction in the incidental catch of
turtles and economic return in the Hawaii-based swordfish fishery in relation to climate variation and fishing
behaviour changes. Hence, the model can be used to evaluate impacts of management choices on fishing
opportunity and sea turtle interactions.
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Opportunities for transboundary and high seas management of eastern Pacific
leatherback turtles
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Leatherback turtles (Dermochelys coriacea) are critically endangered in the eastern tropical Pacific (ETP),
having experienced declines of over ninety percent within the last decade. We describe the distribution
and movements of 46 female leatherback turtles satellite-tagged during 2004-2007 at Playa Grande,
Costa Rica. The tag-derived data reveal the existence of leatherback high-use habitats including an
inter-nesting area, a persistent migratory corridor, and a dispersal area in the eastern South Pacific. Each
of these regions are influenced by dynamic and predictable environmental variables, thus affording the
opportunity to develop new management models that consider the influence of real-time environmental
change on animal behaviour and movement. Costa Rica’s Parque Nacional Marino Las Baulas provides
critical protection for nesting turtles in the vicinity of the beach, but does not afford protection for turtles
throughout their post-nesting migration. Following inter-nesting, the turtles migrate southward through an
open-ocean corridor spanning from Costa Rica past the Galápagos Islands, to approximately 5°S. The
predictable effect of oceanographic currents on turtle movements creates a migration corridor within which
turtle conservation could be addressed through the “eastern Tropical Pacific Seascape,” a transboundary
management initiative aimed at consolidating marine protected areas within the exclusive economic zones
of Costa Rica, Panama, Colombia and Ecuador. Following migration, the turtles disperse widely into
high-seas habitats across the South Pacific Gyre that are largely constrained to regions of low surface
chlorophyll and weak currents. Knowledge of the preferred leatherback turtle habitat could lead to new
management strategies, including the development of a large-scale turtle conservation area (TCA) within
the South Pacific Gyre.

8 July, 16:15 (S2-O4)

Improving benefits from sustainable tuna fisheries management in the western Indian
Ocean region
Jane Mbendo
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Tunas are one of the most economically important marine species globally and their demand has been
on the increase, with tuna fishing around the world intensifying especially since the 1990s. The western
Indian Ocean (WIO) has several tuna fisheries which are of social and economic importance to the
coastal states. Tuna species have contributed more than 75% of the oceanic catches in the region since
1983. Sustainability and profitability in the tuna fisheries of the WIO are therefore important economically.
The market species targeted by distant water fishing nations and local industrial fishers include; bigeye
(Thunnus obesus), yellowfin (Thunnus albacares) and skipjack (Katsuwonus pelamis). The feeding range
for tuna places tuna on a high trophic level, making them very important for ecosystem stability in the
event that changes in their biomass occur. Extraction of tuna from the waters of the WIO coastal states
must therefore be closely monitored to ensure sustainability of the stocks. The highly migratory nature
of the tuna stocks calls for management cooperation between the WIO coastal states. International
law imposes obligations on ‘coastal states and other states whose nationals fish in the region for highly
migratory species to cooperate to ensure the effective conservation and sustainability of tuna stocks.
Regional cooperation is achieved through the Indian Ocean Tuna Commission whose principal objective
is to promote cooperation among its members and ensure conservation and optimum utilisation of the
stocks whilst managing the tuna resources in a sustainable manner. Tuna fishing is largely unregulated
off the east coast of Africa as the majority of the WIO coastal states lack the financial and institutional
capability for enforcement. This has resulted in a loss of revenue to illegal fishing over the years causing
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great economic losses. Currently the oceanic fisheries are being harvested by foreign fleets through
access agreements and licensing. The fishing activities of such fleets contribute significantly to the
countries’ foreign exchange as they account for two-thirds of the total tuna harvest in the region. The
fleets that dominate the fishery are the EU, Taiwan, Japan and Korea. It is believed that the foreign
vessel owners are not paying sufficiently for the catch taken. For example, license fees have remained
at US$12,000 per vessel per year in some of the coastal states for several years. This translates into
less economic income for the coastal states. Research on the tuna resources indicates that the current
management regime may not be sustainable. Management of the tuna fishery access has long term
ecological and social implications for the region. This paper suggests that coastal states can co-operate
more fully in the management of the tuna resources for mutual benefit through negotiation with distant
water fishing nations. It is proposed that a regional framework can assist states in increasing income with
social benefits accruing to the coastal states in the region.

8 July, 16:30 (S2-O5)

Fleets, sites and conservation goals: game theoretic insights on management options
for multinational tuna fisheries
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The management of tropical tuna fisheries is complicated by the highly migratory nature of the fish
stocks, by the nature of the fisheries exploiting them and by the effects of climate-driven variability in
the location and productivity of the stocks. In addition to the management problems introduced by stock
migrations across EEZ boundaries and into the high seas, particular challenges are presented by the
fact that there are two distinct types of players who seek to derive benefits from these resources. Much
of the harvesting is carried out by industrial fleets owned by citizens of distant-water fishing nations
(DWFNs). These multiple fleets compete with one another to harvest tuna in the waters of a number of
small island and coastal nations, as well as on the high seas. The island/coastal nations receive access
payments from the DWFN fleets, and they may compete with one another to attract the fleets to their own
EEZs. The rapid growth of industrial fisheries for tropical tunas in recent years has led to concern about
excessive harvesting pressure and the fair division of fishery benefits among both fleets and sites. As a
result, agreements have been worked out to set up regional fishery management organisations (RFMOs)
to promote biologically sound and economically beneficial harvesting patterns. Various policy options
are available to these RFMOs. The sites and the fleets also make management choices regarding the
resources under their individual control. They make further choices regarding the extent to which they will
cooperate with other sites or fleets in negotiating access agreements. To understand the effects of these
policy options and management choices, it is useful to formally model the multi-party harvesting and
management game to elucidate the dynamics of the interactions among the fleets, the fishing sites and
the RFMO itself. This paper describes such a model in which the RFMO specifies a set of rules (quotas)
for all the other players: vessel-day quotas for the sites, and vessel capacity quotas for the fleets. Each
site specifies taxes on vessels and on vessel-days for each fleet harvesting in the site’s waters. The sites
also distribute their vessel-day allowances between the fleets. Each fleet distributes its vessel allowance
between the sites and chooses the number of vessel-days that it will acquire for each site (within the caps
specified by sites). The model can be used to explore the consequences of alternative policies for: a) the
total returns to the fishery; b) the condition of the fish stocks; and c) the division of benefits between the
fleets and the sites. Model results suggest that policy consequences will vary considerably depending on
the biological and physical details of the situation and the particular levels chosen for the RFMO policy
variables. In particular, climate-related shifts in the distribution of the stocks between EEZs and the high
seas can affect the biological and economic consequences of the RFMO policy choices. The implications
of these results are discussed in light of current RFMO policy processes in both the western and central
Pacific and the Indian Oceans.
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Integrated modelling of socio-ecological systems in Australia
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Human response to management decisions is a great source of uncertainty in natural resource management,
and understanding human behaviour and decision-making is an important step in sustainable management
of marine systems, particularly under changing environmental conditions. We have worked on developing
a wide rage of models involving human behaviour that help us to better understand and evaluate strategies
for managing natural resources. This work covers the development of vessel dynamics models of fishing
behaviour on the Great Barrier Reef (GBR), including models of individual quota trading, and information
sharing among vessels in social networks, and the development of an integrated agent-based model of
a marine ecosystem and the economy on the northwest shelf of Australia. For the reef line fishery on
the GBR, agent-based vessel dynamics models have been developed to simulate the spatial distribution
of fishing effort across the reef system, as well as the temporal distribution of effort that has developed
with the recent implementation of an Individual Transferable Quota management system. The behaviour
of the vessel agents associated with spatially allocating effort across approximately 4000 reefs of the
GBR has been parameterised using discrete choice random utility models. Agent behaviour associated
with buying and selling quota is based on their initial quota allocation, seasonal fish prices as well as the
individual variable costs, fishing efficiency, fishing experience and spatial constraints of vessel port range.
With the objective to maximise profit, vessels either purchase or sell quota, if it is in their best interest
to do so. For the northwest shelf of Australia, we have developed an integrated agent-based modelling
framework to evaluate prospective multiple-use management strategies. The framework, called InVitro,
allows us to represent the biophysical and socio-economic components of the region as either individual
agents, or as a broader scale analytical model, all in a single agent based modelling structure. Agent
representations of the biophysical environment include those for benthic habitats, fish species and their
potential dependence on benthic habitat, and megafauna. Representations of human use of the marine
environment include commercial trawl and trap fishers, recreational fishing, shipping, and land-based
industries that produce outfalls. We also capture the management of the marine environment, including
fisheries stock assessments and decision rules, outfall monitoring and mitigation, as well as integrated
cross-agency conservation management procedures, all within the simulation framework. Model-based
results are shown to illustrate some of the effects of human dynamics on the environment, and how we use
the models to compare and evaluate the potential effectiveness of management strategies in achieving the
goals and objectives of managing fisheries and the marine environment.
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QUEST_FISH: predicting the impacts and assessing the consequences of climate
change on global fish production
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Climate change is accelerating and is already affecting marine ecosystems and their services. Coupled
climate models and ocean observations indicate that the world’s oceans are warming and patterns in
atmospheric variability are changing, resulting in changes in oceanic stratification, circulation patterns,
sea ice and light supply to the surface ocean. Biological responses to these effects are visible but
uncertain. Primary production is expected to increase globally but with large geographical differences.
Ocean warming and changes in currents are expected to continue causing distributional and phenological
changes in plankton communities. However, the quantification of direct climate impacts on the production
of fish resources at the global scale, and the risks and vulnerabilities of these impacts is hampered by:
1) difficulties of downscaling Global Climate Models to the scales of biological relevance, 2) lack of
adequate global ecosystem models capable of capturing biological processes up to fish populations at
the right scale and resolution, 3) uncertainties over future global aquatic net primary production, and
the transfer of this production through the food chain, 4) difficulties is separating the multiple additional
stressors affecting fish production, including differential geographical and temporal exploitation patterns
and policies, ecosystem biodiversity and habitat effects, among others, and 5) inadequate methodology
to estimate human vulnerabilities to these changes at all scales.
QUEST_Fish is a new research project funded by the UK Natural Environment Research Council, and
supported by the WorldFish Centre in Malaysia, to address some of these challenges by returning to
first principles and focusing on investigating how climate change would affect the potential production
for global fisheries resources in the future, compared to past and present scenarios, in the absence of
exploitation, and to estimate the added vulnerability of these effects on national, regional and global
economies. This approach removes uncertainties as to what exploitation regulations will be implemented
in coming decades, and focuses on the added impacts that climate change is likely to cause, and on the
subsequent additional risks and vulnerabilities to human societies. The project is anchored on outputs
from Global Climate Models and from coupled physical/biological ecosystem dynamic models to predict
ecosystem functioning in pre-industrial (1800), present (2005), near future (2050) and future (2100)
scenarios.
For each time period QUEST_Fish: 1) estimates primary (phytoplankton) and secondary (zooplankton)
production in 20 Large Marine Ecosystem units around the world (contributing over 60% of the global
fish catches), 2) links primary production to fish production through algorithms on the relationships
between primary production, fish catches, population size structure and predator/prey ratios, largely
based on ecosystem metabolic theory, and 3) investigates the socio-economic consequences of
climate-driven changes in fish production for global fish-based commodities, such as fishmeal, using
a global bioeconomic model. As a specific sub-objective QUEST_Fish investigates the impacts of
fishmeal/soymeal price fluctuations on the aquaculture farming industry, and - develops improved ways
of assessing vulnerability of fisheries to future climate change, in the context of other drivers of change:
supply-demand changes, governance scenarios, and macro-economic changes. This presentation will
present the pioneer multi-disciplinary methodology developed by QUEST_Fish to ascertain the impacts
of climate change on fish-based socio-ecological systems at different temporal and spatial scales. We
will present the results obtained thus far and will discuss some of the advantages of our approach and
difficulties encountered.
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EcoOcean: modelling the future of social-marine ecological systems
Jacqueline Alder, Sylvie Guenétte, Jordan Beblow and Villy Christensen
Sea Around Us Project, 2202 Main Mall, Vancouver, BC V6T 1Z4, Canada. E-mail: j.alder@fisheries.ubc.ca

EcoOcean is a global fisheries model that enables users to investigate how marine ecosystems might respond to
policy changes. The model is currently based on the 19 FAO marine areas of the world and 43 functional marine
groups, and the main drivers are 5 major fishing fleets. The model has been calibrated to global fisheries from
1950 to 2002 with differences between modelled and fitted data of less than 10% for any year. The model has
been used to explore the future of fisheries under the Fourth Global Environment Outlook, and the outcomes of
this global assessment along with a more detailed description of EcoOcean are presented in this session.

9 July, 14:05 (S3-O4)

Stochastic modelling of coupled social and ecological systems: a case study from the
FP6/LOICZ European Lifestyles and Marine Ecosystems project
Laurence Mee and Olivia Langmead
Marine Institute, University of Plymouth, Drake Circus, Plymouth, Devon PL4 8AA, UK. E-mail: lmee@plymouth.ac.uk

Intensive human appropriation of ecosystem goods and services in Europe’s four major marine areas - the
semi-enclosed Baltic, Black and Mediterranean Seas, and the more open northeast Atlantic - has destroyed
marine habitats and replaced high economic value species with those of lesser value. We explore how these
problems are related to changing lifestyles and growing affluence arising from political and economic integration
by applying innovative stochastic modelling techniques. Our systems approach uses Bayesian belief networks
to understand the causal relationships between economic drivers, resultant environmental pressures and
consequent changes to natural ecosystems or resource availability. The process begins with the collaborative
development of conceptual models based upon available data, metadata and expert opinion. Time series data
is converted to probability density functions and used to populate Bayesian belief networks developed from the
conceptual models. These are then applied to a number of plausible scenarios of future economic and social
change. Probability density can be used as a common currency between social and natural science variables.
Recent changes in lifestyles have been rapid in European seas due to economic growth and this has direct
consequences for social and economic drivers: a more mobile population placing heavy demands on coastal
space, agricultural intensification, a boom in maritime transport, heavy demands for fisheries products, and
the movement of many polluting industries to other parts of the world as a result of globalisation. Our baseline
scenario is the best guess on how these drivers will develop over the next two decades and the alternative
scenarios reflect limiting conditions for how they might evolve under different socio-political situations. The
simulations of alternative future scenarios suggest that problems will not be overcome without new measures
to decouple economic growth from its environmental impacts. The more enclosed seas are critically vulnerable
to projected human pressure. Model validation has revealed the extent of our current knowledge of causal links
in the complex systems investigated. This identified critical information gaps that pose important imperatives
for policymakers. Unless these gaps can be closed by improved monitoring of social and natural system
indicators, it will not be possible to develop predictive models that will serve for decision making in the context
of the ecosystem approach. Addressing this shortcoming in the global and regional context is a major interest
of the IGBP LOICZ (Land Ocean Interactions in the Coastal Zone) programme of which this research is part.

9 July, 14:15 (S3-O5)

Co-viability modelling and the ecosystem approach to fisheries management
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The ecosystem approach for fisheries advocates an integrated management of marine resources that
promotes both conservation and sustainable use in an equitable way. Co-viability is proposed here as a
relevant modelling framework to deal with the analysis and exploration of scenarios in line with such an
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ecosystem approach. Co-viability analysis does not strive to determine optimal or steady-state paths for the
joint dynamics of resources and exploitation, but rather aims at maintaining the trajectories of systems within
satisfying normative bounds that mix ecological and social requirements. Hence the approach offers a multicriteria perspective and provides ways to analyse the vulnerability of social-ecological system dynamics.
Conceptual links to Population Viability Analysis and conservation biology are strong. Moreover it is closely
related to the Maximin or Rawlsian approach, which provides important insights regarding intergenerational
equity. Examples inspired from the Bay of Biscay fisheries illustrate the proposed approach.

9 July, 14:25 (S3-O6)

Modelling the world system of small pelagic fisheries
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Small pelagic fisheries produce more than 25% of the fish caught in the ocean. Their production is mainly
dedicated to fish meal and fish oil production (more than 80%). In this system, there is a tension between
a highly variable natural system and a more rigid economic system, with a high increase in demand. To
make explicit the stakes of the management of this system, we propose a bioeconomic model, coupling the
ecological and economic dynamics. The coupling is based on the computing of global equilibrium, on the
network which interconnects the marine production systems (ecosystems, fisheries and manufacturing) and
the fish product markets (fish oil and fish meal) all around the world. This model allows the consequences
of several management hypotheses to be analysed (increase of carrying capacity of ecosystems through
climate changes, politics of total allowable catches, etc.). To illustrate the model’s behaviour we propose
sensitivity analysis of the model results, with changes in specific values. We have derived from this work
a dedicated role playing game in which players are not the stakeholders directly involved in the fishery
business, but their delegates: South American, or European fisheries and industries, fish meal or fish oil
buyers from Europe or China, scientific institutions studying the Atlantic or Pacific Oceans, international
organisations from the Pacific or Europe. We present different plays of the game, leading to very different
emergence of coordination or conflicts. This approach should help to anticipate negotiations about global
management of small pelagic fisheries.

9 July, 14:35 (S3-O7)

Shrimp fishery collapse in the southern Gulf of Mexico: ecosystem and management
trade-offs coping with global change
Francisco Arreguín-Sánchez, Manuel J. Zetina-Rejón, Mauricio Ramírez-Rodríguez, Victor H. Cruz-Escalona
and Pablo del Monte-Luna
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E-mail: farregui@ipn.mx

The collapse of the pink shrimp, Farfantepenaeus duorarum, fishery in the southern Gulf of Mexico has been
related to a declining of recruitment rate since the early 1970s. In the late 1990s fishers and managers tried
to evaluate stock recovery assuming declination was due to exploitation. Simulations based on single stock
models predict a recovery of 12% after 10 years of fishing closure while ecosystem-based models predict
40% of recovery when different fleets are managed in conjunction. The later scenario was, however, not
well accepted by non-shrimp fishers (i.e. those targeting finfish and octopus) who argued why they must
change their fishing actions in benefit to shrimpers; moreover when in the best case stock recovers at sizes
as in early 1990s, meaning 30% of the stock size in the early 1970s. Recently we found shrimp stock
declination follows a fall in primary production which is inversely related to sea water temperature in a long
term framework. Based on the Ecopath with Ecosim suite of programmes and viability analysis criteria
we evaluate ecosystem and socioeconomic trade-offs for the shrimp collapse and its potential recovery
under a global change framework, with respect to a scenario without such effect. This evaluation is based
on different criteria such as net rent, employment, stock maintenance and recovery; as well as some
ecosystem attributes including structure, organisation and functional indicators.
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Bioeconomic modelling as an integrative tool to assess the dynamics of fisheries
facing global economic and environment changes: the example of the French Guyana
shrimp fishery model
Christian Chaboud
IRD, CRHMT- Unité Osiris, Avenue Jean Monnet, BP 171, 34203 Sète, France. E-mail: christian.chaboud@ird.fr

The French Guyana shrimp fishery is facing many dramatic changes related to major global changes.
On the economic side the main aspect is the globalisation of the shrimp market with a decreasing trend
in real prices, mainly because of the increasing production of low cost aquaculture shrimps in emerging
economies. The worldwide increase of fuel prices is the second macroeconomic factor having a dramatic
impact on the industry. On the environmental side, the recruitment of the two main target species seems to
have decreased over the last decade, probably in relation to hydroclimatic changes. It looks then important
to assess the adaptive capability of the fishery facing such changes and also the relevance of past and
future possible public policies to improve this capability. Bioeconomic modelling seems to be a useful
research way to deal with these questions. The model has been produced: 1) to reproduce the fishery
dynamics over the past ten years, 2) to simulate the response of the fishery to changes in the economic
context (shrimp market and fuel cost) but also to environmental perturbations or regime shifts, and 3) to
evaluate the consequences of public policies on the viability of the fishery. The proposed paper will be
organised as follows. After a short introduction about the past dynamics of the shrimp fishery in relation
with its context, the model is presented and its main outcomes are discussed. Some scenarios will then
be analysed, most of them showing that strong adaptations will be necessary if the ongoing trend in prices
and fuel cost still hold in the future. Among the array of scenarios, new orientations of public policies will
be discussed.

9 July, 14:55 (S3-O9)

Programme for valuation of marine ecosystem services in China seas: latest progress
and contribution to coping with regional climate change
Shang Chen, Tao Xia, Qixiang Wang and Jian Liu
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The State Oceanic Administration of China initiated a five-year programme focusing on valuation of marine
ecosystem services in China seas in 2005 and 20 ecologists and economists from three institutes and
one university are involved. The programme mainly aims at: 1) developing a set of valuation methods for
marine ecosystem services, 2) developing a GIS-based software for service valuation of marine ecosystem,
3) valuating ecosystem services of the China seas (Bohai Sea, Yellow Sea, East China Sea and South
China Sea). The programme will contribute methods and tools to evaluate ecological losses caused by
waste discharge, other human activities and climate change. These are the key base to estimate ecological
compensation fees and fees for sea area use which are two of the important pathways to adjust and
optimise the structure of marine industries and to facilitate ecosystem-based marine management and
the sustainable service provision of China’s marine ecosystem. Some of progress have been achieved
and the assessment frameworks of marine ecosystem services have been developing. China seas are
classified into 9 ecological types, i.e. bay, estuary, island, coastal wetland, coral reef, mangrove, sea grass
bed, mariculture area and general waters. Each ecological type has 14 services which form 4 groups: i.e.
1) provisioning services: food production, material production, oxygen production and provision of genetic
resources, 2) regulating services: climate regulation, waste treatment, biological control and disturbance
regulation, 3) cultural services: recreational service, cultural value and scientific service, and 4) supporting
services: primary production, nutrient cycling and species diversity maintenance. The valuating methods
for each service for each ecological type have been developed. Also the GIS-based software for service
valuation has been developed and is waiting for loading more valuation cases. The report on the utilisation
status of ecosystem services of the China seas has been drafted. The marine ecological types and zones
sensitive to climate change have been identified and the positive and negative impacts from climate change
on ecosystem services in the China seas are preliminarily estimated. The more detailed results will be
shared during this symposium.
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Impact of climatic changes on aquaculture activities and food web structure in a coastal
ecosystem
Cosimo Solidoro, Simone Libralato, Gianpiero Cossarini and Donata Melaku Canu
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The lagoon of Venice is a large coastal ecosystem, which exemplifies the complexity of interactions and
the variety of stressors simultaneously occurring in the coastal area. It is surrounded by heavily inhabited
shores, important coastal industrial areas, fisheries, mariculture and tourist activities and it encloses sites of
great historical and artistic value. It hosts highly valuable typical habitats, and several economic activities
depend upon the ecosystem health. At the same time other important economic activities negatively affect
the quality of this environment. Global changes, by threatening or at least modifying, the structure and
productivity of the system as well as the economically driven pressures on it, might increase the conflict
between different alternative uses of the natural resources within the system. In this work we explore the
effect of changes in precipitation pattern on plankton productivity and on food web structure. In particular,
cascading effects are expected on higher trophic levels of the food web and on clam exploitation activities.
The analysis is made using a hierarchy of linked models. An Ecopath with Ecosim model representing the
estuarine food web with exploitation activities is linked with a 3D transport-biogeochemical dynamic model
(TDM) of the lagoon which, in turn, is forced with highly resolved meteorological outputs obtained from a
Regional Climate model (RegCM). A scenario analysis is presented by comparing results for a reference
situation (RF, 1961-1990) with results for two future IPCC scenarios (2071-2100), representing market
oriented and local sustainability policies (scenarios A2 and B2, respectively). The local strengthening
of seasonal dynamics and the decrease of summer precipitation in future scenarios are predicted to
deeply affect biogeochemical properties and plankton productivity with effects on food web structure. The
effects of these changes on higher trophic levels are dynamically represented and landings are predicted
assuming actual exploitation ratio. Results in terms of productivity of the system are also analysed under a
combination of exploitation and climatic scenarios and social implications are discussed.
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Impact of the relationship between primary production and Monterrey sardine exploited
stock on the dynamics of the central Gulf of California ecosystem
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The relationship of primary production and sardine stock size is well known and characteristic of highly
productive ecosystems. This relationship has three key attributes: 1) it is variable following primary
production pulses, 2) it has a considerable impact on the ecosystem following a button-up control in the
food web, and 3) sardine sustain an important fishery. We investigate the dynamics of these relationships
in order to understand how variation in primary production is propagated through the food web as well as
the role of sardine as foraging species and as a fish resource. We used a dynamic trophic model for the
ecosystem of the central Gulf of California based on Ecosim. Time series of primary production and sardine
stock size are used to calibrate the model. To test the role of the sardine in the food web we compute
changes for several ecosystem indicators under the different levels of primary production available in the
ecosystem. For the same scenarios we also analyse changes in the sardine stock size and catchability
variation which is independently estimated from the fishery data. Primary production fluctuations represent
changes in the energy available to sustain ecosystem structure and function; then in our analysis changes
in the ecosystem supply-demand energy balance (as represented by primary production) are related to
changes in the ecosystem structure and function, as well as sardine stock dynamics and its fishery. Our
results indicates a strong picture representing bottom-up control but more importantly, that sardine fishing
could potentially have a strong impact on the ecosystem if low sardine stock abundance coincides with a
low supply of energy (low primary production) and high harvesting rates.

Poster S3-P2

Small pelagic management strategies under global warming accounting for fishers
economic incentives in the northern Alboran Sea
David Castilla Espino and Juan José García del Hoyo
MEMPES, Universidad de Huelva, Plaza La Merced 11, Huelva 21071, Spain. E-mail: david.castilla@dehie.uhu.es

The Mediterranean Sea is a fragile ecosystem that is being put at risk by human activity. Different drivers
including industry, fishing, aquaculture or tourism are pressuring this marine ecosystem causing a significant
impact on it as a whole and particularly on fisheries resources. Commercial fish stocks, especially those
composed by small and big pelagics, are experiencing changes in their evolution over time caused by
fishing, as traditionally has been considered, and the increasing of sea temperatures due to global warming
in the recent decades. Several papers valuate the impact of these changes on commercial fish stocks
accounting for biological and technological characteristics of these stocks and the fishing fleets involved in
the exploitation of them respectively, but only a limited number of them also account for the socio-economic
incentives that bind and define the patterns of exploitation of these fisheries by fishers. This paper is aimed
at valuating the impact of ecosystem changes on small pelagic fish stocks caused by the raising of the
sea surface temperatures in the northern Alboran Sea (western Mediterranean Sea) accounting for the
economic incentives of fishers and proposing adaptive management strategies to minimise this impact. An
econometric model that explains the fish stock and fleet dynamic has been estimated in order to reach these
aims using a historical data set of anchovy fishery in the northern Alboran Sea that covers two decades
from 1985 to 2005 and the HadISST data set on sea surface temperatures. The fish stock dynamics is
based on the Cushing stock-recruitment model. It includes a stock independent variable as a measure of
the dispersion of sea surface temperatures between winter and summer and as a stock dependent variable
November sea surface temperatures that explains longer seasons when take high values. The model
explains the evolution of captures in more than 95% of cases and provides fish stocks estimates that are
highly correlated and closed in absolute value to those provided by acoustic stock assessment independent
of fishing in the framework of ECOMED cruises of the Spanish Institute of Oceanography in the last years
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of the considered period for the same fish stock. The fleet dynamics were modelled by means of linear
approximations that relate the fishing effort and the investment exerted by vessels to the revenue of previous
periods that define the expected profits of fishers in future seasons. Model estimates have also provided a
framework that accounts for the evolution of sea surface temperatures for the successful management of
small pelagic fisheries in a future climate change scenario.
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SPICOSA is an EU Integrated Project in the framework of the Sixth Framework Programme, which focuses
on integrating new knowledge and methods throughout its 54 partner institutes from 22 countries and
involving stakeholders and policy-makers, in order to improve Integrated Coastal Zone Management (ICZM)
throughout the European region. The overall objective of SPICOSA is to develop a self evolving, holistic
research approach for integrated assessment of coastal systems. The System Approach Framework (SAF)
will be used to explore the dynamics of coastal zone systems and potential consequences of alternative policy
scenarios. Achieving these objectives will require a restructuring of the science needed to understand the
interaction between complex natural and social systems at different spatial and temporal scales including
the overall economic evaluation of alternative policies. The SAF and its tools will be implemented in 18
coastal study site applications, distributed along the European coastline from north to south and from west
to east. The SAF will develop a balance among ecological, social and economic sectors of the coastal
system, and a SAF portfolio consisting of generic assessment methodologies, specific tools, models and
new knowledge useful for ICZM, will be produced in a manner that is user-friendly and updatable for future
coastal zone researchers and professionals. The Venice Lagoon system, as one of the 18 study sites of
SPICOSA, will apply SPICOSA methodology on policy issues regarding shellfish fishery management.
Fishing of clams is an important economic activity, accounting for 60% of national production, but its actual
sustainability is uncertain, recurrent problems include: over-fishing, fishing down the food web, sediment
resuspension, damage to benthos and habitat destruction. Many costs associated with changes in the
ecosystem may be slow to become apparent, or may be difficult to measure. For example costs associated
with reduced ecosystem resilience may not be apparent for years until a significant perturbation occurs.
The economic evaluation and the sustainability of alternative policies also regards possible scenarios
exploring plausible future changes in ecosystems, ecosystem services due to human activities and potential
risks related to the coastal system of the 18 study sites. The main result expected from the simulation in
Venice Lagoon case study, is to reach a clam farming management which minimises social conflicts while
ensuring economic and environmental sustainability. This will be acquired as output from an integrated
model, obtained from the integration of ecological (clam), biogeochemical, and ecotoxicological models
with transport models and/or experimental information and with socio-economical model for evaluation of
alternative management scenarios of shellfish rearing.
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Artificial neural networks and a spatial interaction model for land and sea uses: a
combined approach aiming at the sustainability of a small fishery
Fabiola Gil, Paulo Silveira, Mario Pinho and Tomaz Dentinho
University of the Azores, Largo da Terra-Cha, Angra do Heroismo, Azores 9701-851, Portugal. E-mail: fabiolagil@uac.pt

We used artificial neural networks to analyse the catch/effort employed in the blackspot seabream fishery
of Corvo Island, a small, remote island of the Azores archipelago. Until recently, the management of
this fishery consisted of a Total Allowable Catch limit set for the whole Azores archipelago, with open
access. However, anecdotal evidence suggests that in Corvo there was a sense of property over the
resource, probably enabled by the small population and geographic remoteness. Presently, the fishery is
managed through individual quotas. To better understand the fishery and the local socio-economy we have
developed simultaneously a spatial interaction model with land and sea use, specific for Corvo, and a set of
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artificial neural networks to allow simulations of alternative management strategies. Neural networks were
used because of their renowned power to solve complex problems and high affinity to non-linear and noisy
data. The variables exploited were: captures of juveniles, mobile average of other captures, seasonality,
yearly environmental variations, accumulated captures in the 4 previous trimesters and the two previous
years, and the mobile average of effort (number of red seabream-targeted outings per month). The outputs
were: marginal captures, red seabream CPUE calculated with the mobile average of effort and captures;
and mobile average of the red seabream captures. The spatial interaction model assumes that all the local
economy derives from exportation activities where the seabream fishery can play an important role. This
model was used to estimate the effect of changes in the fisheries sector on the local economy and territory.
We found that the resource is presently underexploited by the community, which can be due to the high
opportunity cost for fishing. To promote a better use of the resource with a larger rent to the fishermen and
an increased development for the Corvo Island, fishing effort can be increased as long as property rights
are appropriately regulated for the local fishermen. Nevertheless this will create a greater pressure on the
small inland territory. These models are being integrated to provide a wider frame study that aims at finding
the optimal solution for sustainable fisheries in Corvo by resorting to multiple scenarios and interaction with
models for local economy and space use.
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Methods in social-ecological systems analysis for marine and coastal areas: pitfalls
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Marion Glaser1, Bernhard Glaeser2, Karl Bruckmeier3 and Gesche Krause1
1
2
3

Centre for Tropical Marine Ecology, Fahrenheitstr 6, Bremen 28359, Germany. E-mail: mglaser@zmt.uni-bremen.de
German Society for Human Ecology (DGH), Berlin, Germany.
Gothenburg University, Göteborg, Sweden.

More terrestrial than marine and coastal examples of the analysis of human-nature relations and socialecological systems analysis can be found possibly because of the more terrestrial character of human and
societal existence. In order to generate a larger baseline of such studies, a series of symposia is taking
place (Beijing (May 2007), Rio de Janeiro (October 2007), Cape Town (May 2008 and in Sommerhausen,
Germany (May 2008)). The major objective of this collaborative exercise is to explore the concepts and
approaches of social-ecological systems analysis for marine and coastal regions all over the globe and to
assess and compare past and possible future transformations of these social-ecological systems (SES) and
their key drivers. Participants from China, South America, the Indian subcontinent, Indonesia, Africa and
Europe presented problem-focused introductions to their coastal regions and ecosystems in different parts
of the world and discussed different ways of linking natural and social science knowledge and data with
stakeholder knowledge. Innovative methodological approaches to SES analysis, including participatory
modelling are also being explored. Using our case studies as test cases, the following concepts are being
employed, criticised and/or refined for coastal and marine social-ecological systems. A social-ecological
system consists of a biogeophysical unit and its associated social actors and institutions. Social-ecological
systems are complex, adaptive and delimited by spatial or functional boundaries surrounding particular
ecosystems and their problem context. Resilience is the capacity to handle whatever the future brings
without the system altering in undesirable ways. Resilience is necessary for a sustainable future and lies in
self-reinforcing dynamics that prevent shifts into undesirable directions. Vulnerability refers to the degree
to which a system is unable to avoid undesirable consequences of change and/or transformations, e.g.
resource degradation or climate change. Adaptive capacity and transformability refers to system ability to
change. The former where the objective is to maintain existing systems and the latter where existing systems
are found undesirable or characterised by emergent systemic failure which implies change. Emergence is
generated through the capacity of systems to self-organise without external direction. The open question of
whether emergent phenomena can be derived at lower system levels needs to be distinguished from their
exclusive occurrence at higher system levels. In our coastal social-ecological system analyses, participants
address(ed) the following questions: 1) How do you define ‘your’ social-ecological system (SES)? 2) What
are the drivers of your SES? 3) Which possible future scenarios can be envisaged? 4) Which sources
and methods of identifying and assessing resilience, vulnerability, adaptability and transformability did you
identify? 5) Which methods for integrating different knowledge systems in SES analysis (natural and social
sciences, traditional knowledge and other system user/stakeholder knowledge) and for reconstructing the
interlinked behaviours of human and societal actors and natural elements of social-ecological systems were
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used? 6) What are the options for steering the SES into more sustainable trajectories? This presentation will
provide the salient interim findings out of this collaborative exercise which I co-initiated and organised under
the auspices of the LOICZ programme. The medium-term objective of our work is to develop a common
conceptual and methodological framework for a comparative international analyses of the dynamics of
coastal social-ecological systems, taking into account both institutional/cultural and ecological variability.
Possible upscaling methods to address global drivers.
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Climate regime shifts and a transboundary fish stock: game theoretic analysis of
Pacific sardine in the California current system
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The effects of climate regimes on the abundance and spatial distribution of fishery resources have been
broadly recognised for decades now. This is particularly characteristic of Pacific sardine (Sardinops sagax),
which has exhibited extreme decadal variability corresponding to warm and cold regime shifts of the
California current ecosystem (CCS). During the 1930s and 1940s, when the CCS was in a warm regime,
the landing of Pacific sardine supported the largest fishery in the eastern Pacific Ocean and fisheries
occurred in large areas of the CCS; waters of Canada, US and Mexico. In the late 1940s, landings started
to decline dramatically, and the subsequent collapse of the sardine fishery has since been attributed to a
combination of overfishing and a shift to a cold regime in the CCS. As the sardine stock declined it shifted
southward and by the mid-1960s the only landings of significance where in Mexico. In the 1970s, as a warm
regime began in the CCS, the Pacific sardine stock began to rebuild and the biomass is now estimated at
over one million tonnes. It currently ranges from Vancouver Island, Canada to Baja California, Mexico, and
supports fisheries in all three countries. However, there is, yet no official transboundary conservation and
management agreement in place among the three countries currently harvesting Pacific sardine. Given the
eventuality of a CCS cold regime (or even if global climate change makes the current regime permanent), in
the face of increasing global demand for small pelagic fish, the need for an international agreement seems
all the more pressing. This study explored the optimal fishing strategy of three economic agents (Canada,
US and Mexico) when they face uncertainty under a time-variant and asymmetric sharing of Pacific sardine
induced by climate regime shifts. We studied the economic benefits and biological effects on Pacific sardine
fisheries under coalition game situations and will present preliminary results from our study.
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Carlos Leal, Renato Quiñones and Carlos Chavez
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Failures and successes in fisheries management are always related to decision-making processes.
Nevertheless, the decision-making process itself is rarely analysed in detail, especially using quantitative or
semi-quantitative approaches. Herein we conduct an analysis of the decision-making process of some of
the most important Chilean fisheries based on a binary decision model (PROBIT model). This model allows
the evaluation of the probability that a fishing quota is modified or not by the National Fisheries Council
(NFC) according to a set of biological, economic and institutional factors. The NFC is the body in charge
of making the final decision for global quotas and is constituted of by 23 members representing 8 sectors
and/or interest groups (government, large-scale fishing industry, mid-scale fishing industry, aquaculture
companies, labour unions, artisanal fishermen federations, Chilean Navy, and some independent members
nominated by agreement between the Chilean President and the Senate). A quota is approved in the
NFC by, at least, an absolute majority of its members. The most important scientific advice for the NFC
decision correspond to an official technical report provided by the Undersecretary of Fisheries (Ministry of
Economy) on the present status of the fishery and its forecasting. This report is basically focused on stock
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assessment and fisheries biology issues. The official acts of the NFC and the technical reports generated by
the Undersecretary of Fisheries were examined for the period 2000 to 2006. In our analysis, the observed
variable generated by the PROBIT model takes a value of 0 if the quotas approved by the NFC are within
5% of the quota recommended by the technical report. The observed variable takes the value of 1 when the
approved quota is more than 5% over the technically recommended quota. Our results show that in 59% of
the cases the NFC approved a different quota than that proposed by the scientific advice. In all these cases
the approved fishing quotas by the NFC were higher than that proposed in the technical report. In 65% of the
cases, the most valuable resources had modifications superior to 5% related to technically recommended
quota. In contrast, in resources of less economic importance only in 35% of the cases the NFC quota was
set at a value 5% over the technically recommended quota. The results of the PROBIT model show that
variables related to the economic interests of the different segments of the private sector represented in the
NFC are important in the decision-making process of the council. In addition, the trend to reach a consensus
among the different actors plays a fundamental role in the dynamics of the NFC. In fact, in 59% of the
analysed cases the decisions were unanimous, although this type of consensus is more often achieved in
fisheries of secondary economic importance. Our results show that conservation objectives do not have
sufficient priority in the present design of the NFC. A scientific analysis of the factors that may be influencing
the decision-making process of key decisional bodies in social-ecological systems could be useful not only
to improve the process itself but also to optimise institutional arrangements and governance.

Poster S3-P8

Achieving sustainable fisheries: gradually or abruptly?
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A key issue in fisheries restoration is the speed at which recovery can occur, while still meeting the economic
and social constraints which managers must deal with. This paper builds on the viable control approach to
fisheries restoration to examine the trade-offs involved with the selection of recovery strategies. We define
sustainability as a combination of biological, economic and social constraints which need to be met for a
viable fishery to exist. The set of states for which constraints are met, or viable states, is considered as the
target for recovery of the fishery. The analysis is based on a discrete time bioeconomic model of the Bay
of Biscay Nephrops fishery, with stock biomass and fleet size as the two state variables, and per vessel
fishing effort and adjustment of fleet size as the two control variables. We address the particular optimal
control problem of minimising the time required for the fishery to recover from unsustainable states, under
a minimum transition-profit constraint corresponding to the need to maintain a minimum level of revenue
for vessels during the transition phase. We apply this framework to a historical crisis situation in the case
study, and analyse various recovery paths with different transition profit constraints, including the historical
path followed by the fishery.
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Biocomplexity refers to phenomena that result from dynamic interactions between the physical, biological
and social components of the Nature/Society System (NSS). The investigations of the processes of
interaction between the Society and Biosphere are, as a rule, targeted at understanding and estimating
the consequences of such interactions. The reliability and precision of these estimates depend on criteria
founded on conclusions, expertise and recommendations. At present, there is no unified methodology
for selection between the set of criteria due to the absence of a common science-based approach to
the ecological standardisation of anthropogenic impacts on the natural environment. After all, the
precision of the ecological expertise for the functioning and planning of anthropogenic systems, as well
as the representativeness of the global geoinformation monitoring data, depend on these criteria. We
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are introducing a scale of biocomplexity ranging from the state where all interactions between the
environmental subsystems are broken to the state where they correspond to natural evolution. In this
case, we have an integrated indicator of the environmental state including bioavailability, biodiversity and
survivability. It reflects the level of all types of interactions among the environmental subsystems. In
reality, specific conditions exist where these interactions are changed and transformed. For example,
under the biological interaction of the type consumer/producer or competition-for-energy-resources there
exists some minimal level of food concentration where contacts between interacting components cease.
In the common case, physical, chemical and other types of interactions in the environment depend upon
specific critical parameters. Environmental dynamics is regulated by these parameters and the main task
is in the parametrical description of it. Biocomplexity reflects these dynamics. This report is oriented on
the development of biocomplexity indices based on the remotely measured environmental characteristics.
Microwave radiometry is used as effective technique to assess land cover parameters. Other ranges help
to form input information for the NSS biocomplexity model that will be developed in the framework of this
work.
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This paper presents an overview of community perceptions of social-ecological systems and resilience
within a case study coastal area on the Atlantic coast of Canada. The literature on social-ecological systems
and resilience provides very good conceptual frameworks and case studies, modelling the interactions
between humans and nature, but focusing largely on medium to large scale areas. This study, on the
other hand, seeks to assess the understanding of local communities about social-ecological systems
and system resilience, in the face of rapid global influences using community-based coastal and ocean
management initiatives as the analysis frame. In the Canadian province of Nova Scotia, the Annapolis
Basin and Annapolis River ecosystems are connected to and by the tidal influence of the Bay of Fundy,
which drives chemical, physical and biological exchanges within these systems. While social networks
interact with ecological systems through the utilisation of ecosystem services, a reciprocal relationship
may also exist, manifested in community-based coastal and ocean management initiatives that seek to
support and enhance the health of the ecosystem, potentially also creating a positive social flow-on effect
for the community. Ten community-based organisations and working groups were surveyed using a semiformal questionnaire to determine: 1) type and need for the community based initiative, linked to specific
components of the social-ecological systems; 2) enabling factors (social, cultural, economic, environment)
and organisational factors (including leadership, funding, networking) influencing the initiatives outcome,
and 3) the community’s perceptions of system resilience through the lens of these initiatives. Community
based organisations include marine resource centres and working committees, fisheries management
associations and community monitoring and habitat restoration programmes. The initiatives implemented
were largely in response to “external shocks” either environmental, policy driven or a combination of both,
such as the collapse of the cod stocks and the introduction of individual transferable quotas that led to high
unemployment rates, outward migration and the expansion of large-scale industry at the expense of smaller
inshore fisheries. Many responses noted environmental factors as being the most influential disabling
factor affecting their community, while the expansion of large corporations and globalisation issues were the
most influencing negative economic factor. Social-cultural factors such as community structure-diversity
and attitude were described as either contributing or creating challenges, while networking and information
transfer between community groups and other stakeholders was the most supportive organisational factor.
Some key variables that positively influenced social resilience included creativeness and diversity, learning
during the process, commitment and hope for the future. Although there is no evidence yet that social
resilience enhances ecological resilience, it does provide a baseline for further research. A key message
from this study is that while communities may not fully comprehend the conceptual models of socialecological systems and resilience, they are still able to describe in their own words important changes to
natural and social systems and the influence of local, national and global enabling factors on the resilience
of these relationships.
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We present a new ecosystem model for predicting fisheries recruitment, inspired by the Reykjavik
Declaration (FAO, 2002). The Lagrangian Ensemble Recruitment Model with Explicit Squid, LERMES includes a classical food chain composed of phytoplankton (diatoms), herbivorous zooplankton
(calanoid copepods) and carnivorous zooplankton (squid paralarvae Loligo) and top predators, which
are all modelled explicitly. The LERM was built using the Virtual Ecology Workbench and based on the
Lagrangian Ensemble metamodel, which treats plankton as individuals obeying phenotypic equations.
These equations, describing the behaviour and physiology of individuals, are based on reproducible
laboratory experiments reported in the marine biology literature. The LE metamodel computes as emergent
properties the demography of each population and its biofeedback to the environment and depletion of
other populations. The LERM-ES is used to test fisheries theories, in particular Hjort’s critical period and
Cushing’s match-mismatch hypotheses, to explain the variability of squid recruitment. The sensitivities
of the ecosystem to various changes in initial conditions and other exogenous factors (predation,
inter- and intra-population competition, spawning and hatching time) were computed. Analysis of the
causes of recruitment variability in squid cohort spawning on different dates confirmed Cushing’s matchmismatch hypothesis that the availability of food at the time of hatching is an important factor affecting
recruitment. In particular, annual recruitment is a complex emergent property dependent on a combination
of 1) food availability and composition, 2) predation, 3) inter- 4) and intra-population competition, and
5) speed of growth of newly hatched squid paralarvae. The computations were performed for a virtual
ecosystem at the Azores, but the method can easily be applied to other locations using the Virtual Ecology
Workbench. Results from the numerical experiments show that LERM-ES can create a virtual ecosystem
in which fisheries recruitment is an emergent property dependent on exogenous properties of the virtual
ecosystem.
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Throughout the world and throughout history, harvests and economic activities in coastal areas and the
seas have shown the huge benefits and economic values that marine resources provide. Unfortunately,
historical data and documented cases have indicated the downward trend and threats in availing such
economic values due to burgeoning population characterised by high growth rate in coastal area population,
over-capitalisation of fishing fleets, over-fishing, coastal development and marine pollution particularly oil
spills. The major problem with marine and ocean/ sea resources is that the full value of the resource is
not properly reflected in the market. A big portion of these resources’ economic values are not sold in the
market and are therefore not accounted for in society’s policy and development decision-making. This
paper uses the total economic value framework, and argues that much of the economic values of the
country’s marine resources have not been properly demonstrated and expressed in the market and policy
making. Mechanisms on how to demonstrate such economic values and policies towards capturing them
are discussed, with the end in view of sustainable utilisation and conservation of such national treasures.
It is further argued that in coping with global changes, a holistic design of marine social-ecological systems
should include integrated economic valuation.
52

Coping with Global Change in Marine Social-Ecological Systems

Poster S3-P13

Development of an operational model of the Bay of Biscay pelagic fishery to integrate
dynamics of the system and assess the impacts of management and ecological
changes, using ISIS-Fish, a generic simulation tool
Youen Vermard1, Sigrid Lehuta2, Stephanie Mahevas2 and Olivier Thébaud3
1
2
3

Agrocampus Rennes, 65 rue de Saint-Brieuc, CS 84215, Rennes 35042, France. E-mail: Youen.Vermard@agrocampus-rennes.fr
EMH, IFREMER, Nantes, Pays de la Loire, France.
IFREMER, ZI Pointe du Diable BP 70, 29280 Plouzané, France.

In fisheries management, the main investment has been put into describing exploited marine ecosystem
dynamics in terms of key biological aspects of targeting species. Even if this description of biological
processes is essential to model and understand the dynamics of these ecosystems, the “exploitation” part
has often been ignored or the simplistic assumption has been made about the dynamics of the fishers’
response to changes in stocks availability or management measures. This study describes the integration
and modelling in the same tool, ISIS-Fish, of the biological and exploitation processes describing the Bay
of Biscay pelagic fishery, focusing on the anchovy. The biological part of the model describes the spatial
and temporal distribution of the species, growth, natural mortality and all the other drivers of their biology.
The fishery’s part in this tool describes the exploitation of the ecosystem and the management measures
constraining the exploitation. The temporally and spatially explicit description of the fishery aims at making
it dynamic and allows it to assess the potential impact of changes in the availability of the resources or of
the exploitation patterns due to management regulations for example. Incorporation of fishers’ behaviour
dynamics in the model was made developing, estimating and integrating a Random Utility Model of fishers’
choices in term of location and target species. This model is then used to assess the impact of changes in
stock availability and management measures in term of exploitation patterns and biological and economical
impacts.

53

Coping with Global Change in Marine Social-Ecological Systems

S4

Ecosystem services and values:
ecological, economic, social and cultural
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Total economic valuation: a comparison of market and non-market values from marine
ecosystems of the United States
U. Rashid Sumaila
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While the economic theory of valuation seems comprehensive, I demonstrate, through a simple search of
the literature, that the practice of valuation is clearly inadequate. I show that less that 1% of the papers
published in nine leading natural and environmental resource economics journals from 1994 to 2003,
contain the words ‘non-market’ or ‘existence value’ or ‘option value’ or ‘bequest value’. I proceed to present
the results of our recent study that estimated the total economic value from the marine ecosystems of the
United States. The result from this study shows that non-market values of the ecosystems of the United
States are many times the market values derived from them.
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Conceptualising fisheries as social-ecological systems (SES) encourages a focus on links and feedbacks
between social and ecological parts of the system. The overall behaviour of a fisheries SES in response
to resource declines or fluctuations critically depends on the response of fishers to feedback from such
disturbances: specifically whether they adapt by intensifying fishing effort (increasing pressure on the
resource) or exiting the fishery (leading to a decline in fishing pressure). In many areas of the western
Indian Ocean revenues of small scale fishers are threatened by factors such as overfishing, the use of
destructive fishing gears (such as beach seine nets and dynamite) and the imposition of management
measures (such as Marine Protected Areas). We examined how socioeconomic characteristics, at level of
the individual, influence fishers’ response to declines in catch. We interviewed four hundred fishers in Kenya
and Tanzania about their socioeconomic conditions, perceptions of catch trends, hypothetical responses to
future declines, recent occupational history and future employment options. Most fishers believed that the
fish catch was declining, but had a range of strategies for dealing with further declines, including continuing
fishing at the same level, fishing harder, changing gears or location, reducing effort or exiting the fishery.
Occupational histories emphasised the importance of the informal economy as a source and sink for fishing
labour. The probability of fishers stating they would stop fishing in response to a 50% decline in catch was
significantly related to indicators of material wealth and livelihood portfolios; readiness to stop fishing was
greater amongst fishers from households that were wealthier and had more occupations. This suggests
that the poorest fishers are most vulnerable to remaining trapped within a declining fishery.
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Social-ecological restructuring and implications for social values in the NW Atlantic
Grant Murray
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This presentation considers some of the ‘social’ values derived from the marine social-ecological systems of
the Canadian Province of Newfoundland and Labrador and the State of New Jersey. In the post World War
II period these systems have moved in directions increasingly defined by new ecological realities, policy,
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science and economic rationality. Associated with this movement, there have been profound shifts in modes
of production, the types of species accessed, management regimes, the nature of fishers’ knowledge, and
the distribution of access and benefits. While in a direct sense these systems continue to provide certain
socio-cultural and economic benefits, particular modes of production (fishing practices) have re-shaped
associated social structures and processes in certain ways, dramatically affecting some of the social values
associated with these systems. This presentation draws on multi-method historical research to illuminate
some of these changes, to highlight the ways that modes of production as social-ecological interactions
shape social structures and processes, to explore the way that coastal communities ‘value’ ecosystem
goods and services, and to focus on the potential ramifications for future generations.
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You don’t know what you’ve got until it’s gone: including cultural and spiritual values
in NW Pacific ecosystem management
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Northwest Pacific coast ecosystems have shaped some of the world’s richest indigenous cultures and
sustained large populations for 1,000s of years. Salmon and other species were respected as spiritual
beings apt to severely punish human greed, waste and disrespect. Salmon were also vital to rank, status,
food, economic and territorial security, i.e. had both intrinsic and instrumental value. Fisheries were a major
plank in the early British Columbia economy, but now make up <0.5% of GDP. While fish populations are
sadly depleted ecosystem modelling shows that sustainable management could produce nine times the
current value, an even greater part is due to the growth of ‘new’ economic sectors (IT, farmed salmon, oil
and gas, stock market, etc.). A third factor is a very narrow view of ecosystem value. The total economic
value approach (Sumaila this session) broadens the scope of values, but is unlikely to fully represent
‘cultural and spiritual values’. As the name implies, the way in which such values are expressed varies
dramatically with social, religious and ecological context, making them easy to reject as inappropriate
in a pluralistic society or as threatening to individual freedoms. Negative results include over-reliance
on methods to convert to monetary equivalents and under-representation in policy and decision-making.
Undervaluing coastal ecosystems is an even greater threat to sustainability than the gaps in our knowledge
of ecosystem function. I outline an approach to identify what I believe to be a set of common or overlapping
values underlying the richness of expression.
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S4 posters
Poster S4-P1

Approaches to quantifying and valuing marine ecosystem goods and services
Melanie Austen, Stephen Mangi and Nicola Beaumont
Plymouth Marine Laboratory, Prospect Place, Plymouth PL1 3DH, UK. E-mail: mcva@pml.ac.uk

The role of environmental valuation to guide and support the management and conservation of biodiversity
is being increasingly recognised by policy makers. The goods and services approach demonstrates the
wider value of marine ecosystems including, but extending beyond fisheries. Yet there are few specific
examples of its applications in subtidal systems. Through interdisciplinary collaborations between marine
ecologists and environmental economists we have carried out different types of valuation studies (monetary
and non-monetary) of thirteen marine ecosystem goods and services provided by marine biodiversity to
determine the wider socio-ecological importance of marine ecosystems and the impacts of human activity.
These include assessment of the impact of trawl fishing on the value of subtidal ecosystem goods and
services; valuation of the marine ecosystem goods and services in the UK to determine the economic
value of marine biodiversity in the UK, with the aim of clarifying the role of valuation in the management
of marine biodiversity; and valuation of the gas and climate regulation service provided by biodiversity in
the Isles of Scilly as well as valuation studies across Europe within the MarBEF Network of Excellence.
A decline in marine biodiversity could result in a varying, and at present unpredictable, change in the
provision of goods and services, including reduced resilience and resistance to change, declining marine
environmental health, reduced fisheries potential, and loss of recreational opportunities. However, natural
scientists need to develop and agree the methodology to quantify the services and how they change in
response to environmental pressure so that they can be valued using socio-economic techniques. Even
so, the approaches that we have used can facilitate biodiversity management by enabling the optimal
allocation of limited management resources and through raising awareness of the importance of marine
biodiversity.

Poster S4-P2

Coping strategies of coastal communities: management as a driver for change?
Natalie K. Bown1, Tim Coles2, Tim S. Gray1, Ella Ritchie1 and Selina M. Stead3
1
2
3

School of Geography, Politics and Sociology, Newcastle University, Newcastle-upon-Tyne, UK. E-mail: n.k.bown@newcastle.ac.uk
Operation Wallacea, Hope House, Old Bolingbroke, Lincolnshire, UK.
School of Marine Science and Technology, Newcastle University, Newcastle-upon-Tyne, UK.

Change in marine social-ecological systems may be precipitated by numerous causes at both global and
local levels. The most important global causes today include climate change and globalisation, while
the most important local causes include over-exploitation of marine resources (especially fish/shellfish),
destructive fishing methods, tourism, immigration, unemployment, and poor management policies. These
causes are at work in many sites in developing countries where Marine Protected Areas (MPAs) have
been established. This case study focuses on the Cayos Cochinos Marine Protected Area (CCMPA) on
the Caribbean coast of Honduras. Traditional Garifuna communities are users of marine resources, and
their cultural and economic identity relies on artisanal fishing and agriculture. Formerly, income activity
multiplicity has provided a sustainable livelihood during periods of predicted (natural variability, seasonality)
and unexpected (hurricane events, drought, commercial trawling) changes to the ecosystem. However, the
Garifunas’ restricted financial ability to mitigate for losses makes these communities vulnerable to further/
ongoing/increasing ecosystem change, and encourages aid dependency for structural and economic
recovery. Further, following the privatisation of the CCMPA in 1993, and the subsequent installation of a
managing agency (Honduran Coral Reef Foundation (HCRF)), this coping strategy has altered. Today,
there is less dependence on fishing and agriculture, greater dependence on seasonal tourism activities,
and more inter-regional and international migration. A lack of community participation in the planning and
enforcement of management has weakened the communities’ sense of ownership and responsibility for the
marine environment.
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This research fills some of the significant gaps in our knowledge of the resilience and resistance by these
coastal Garifuna communities to present and anticipated changes in the ecosystem, both from ecological
sources (e.g. loss of biodiversity) and exogenous sources (e.g. commercial trawling, weather externalities).
There is also a need to understand the impact that the introduction of the HCRF has had on the local strategies
used to adapt to changing environmental, social and economic conditions. A holistic understanding of the
inter-dependency and inter-variability of, and vulnerabilities between Garifuna communities and the HCRF,
will provide core information for improved strategic management decisions for sustainability of both natural
resources and community livelihoods.

Poster S4-P3

Negative impacts of sea reclamation on coastal ecosystem services and selection of
monetary evaluation approaches
Weiqi Chen, Xuan Wang and Luoping Zhang
State Key Laboratory of Marine Environmental Science, Xiamen University, Xiamen 361005, P.R. China. E-mail: wqchen@xmu.edu.cn

The coastal zone is the interface between sea and land and has a variety of characteristics, such as
resource abundance, multiple services, ecological fragility, frequent-occurrence of disasters and so on.
It is a unique ecosystem different from the marine ecosystem or the terrestrial ecosystem, and has been
under tremendous pressures from human activities, especially increasing sea reclamation in recent years.
Therefore, it is necessary to monetarily evaluate the depletion of coastal ecosystem services incurred by sea
reclamation and to integrate the evaluation information into exploitation and management decisions for the
sustainable development of the coastal zone. This paper examines the necessity and importance of studying
the negative ecological impacts caused by sea reclamation and their monetary evaluation approaches in
the context of sustainable development, and discusses the classification of coastal ecosystem services
and divides them into provisioning, regulating, cultural and supporting services on the basis of recognising
some basic concepts. The paper then analyses the negative impacts of sea reclamation on the coastal
ecosystem and summarises the different methodologies available to monetarily evaluate the depletion of
coastal ecosystem services. Finally, the paper establishes a fundamental procedure framework to select
the feasible monetary evaluation approaches.

Poster S4-P4

The effect of fisheries management on indigenous (Lafkenche) traditional social
organisation: the case of the conflict and collapse of the razor clam in Chile
Renato Quiñones1, Aldo Hernandez1, Isabel Navarrete2, Jorge Dresdner1, Leonardo Vidal2 and Ricardo
Rivas1
1
2

University of Concepcion, Barrio Universitario S/N, Casilla 160-C, Concepcion, VIII Region, Chile. E-mail: rquinone@udec.cl
Augemar Ltda, Concepcion, VIII Region, Chile.

The Chilean Government established the Management and Exploitation Areas of Benthic Resources
(MEABR) in the mid-1990s. This co-management exploitation regime allows legally constituted fishermen
unions to act as custodians of areas of the sea floor, to which they are granted exclusive exploitation
privileges. The Mapuche people are the largest indigenous people in Chile, with a population of about
600,000 people. The Lafkenche correspond to the segment of the Mapuche traditionally inhabiting the
coastal zone. They are organised in indigenous communities which are a grouping of various families
connected by paternal lineage generally inhabiting a commonly-owned territory. Each community has a
‘Lonko’ (political authority) although decisions affecting the general well-being are taken in consultation with
all of the more prestigious members of the community. The razor clam (Mesodesma donacium) fishery
was an important source of income for several Lafkenche communities. The fishery operated in centralsouthern Chile on a 60 km long beach between Punta Morguilla (37º45’S) and Quidico (38º15’S). The
Lafkenche fisherman extracted the razor clam in the shallow parts of the subtidal zone detecting the clams
with their bare feet and then submerging in the water and collecting them by hand. On the other hand,
non-Lafkenche fishermen inhabitants of the nearby town Quidico extracted the clam in the deep subtidal
zone using modern diving technology and boats propelled by engines. This non-Lafkenche union has 224
57

Coping with Global Change in Marine Social-Ecological Systems
members and about 30 fishing boats dedicated to the razor clam. Since the arrival of the divers to the
zone there has been important tensions with the Lafkenche regarding fishing rights. In 1999, the Fishing
Authority approved to the non-Lafkenche fisherman union established two MEABR (southern Paicavi River
and Cura zones) located in the coast off the Lafkenche area and covering also the shallow subtidal zone
traditionally fished by the Lafkenche. This situation gave rise to an important social conflict in the area. In
this scenario the Lafkenche communities had no choice but to conform twelve ‘fishermen unions’ with a
total of 388 members and then a Federation (Association of Lafkenche Fisherman Unions ‘Luis Antiman’).
Unions correspond to a form of social organisation which has not been used by the Lafkenche before and,
in general, it did not have legitimacy within the members of the communities. After complying with all the
legal procedures, the Fishing Authority granted them with a MEABR in the northern zone of the Paicavi
River. Despite the presence of the three legally constituted MEABR, in practice the shallower subtidal
zone of the whole area remained in the hand of the Lafkenche and the deeper zones of the sub-tidal in
the hands of the non-Lafkenche. In other words, due to the nature of the conflict, the MEABR system
did not work adequately. Nevertheless, the Association Luis Antiman became very active and in many
ways it replaced the traditional social organisation of the Lafkenche, especially in terms of interacting with
the political authority. Despite the efforts by the government and by scientists, the pressure on the razor
clam banks increased to the point of the total collapse of the fishery. Here we present the results of a
comprehensive study on the Lafkenche fishermen, their homes and their unions. Social, economic and
fishery information was obtained through a survey (oral questionnaires) to practically all members of the 12
unions. Focus groups and interviews were also conducted. The biomass and status of the razor clam bank
is also analysed. Our research is focused on the adaptive response of these indigenous communities to a
particular ‘external’ fisheries management regulation and its effects on their traditional social organisation. A
law is to be discussed in Parliament which will create ‘coastal indigenous spaces’ allowing the communities
to have exclusive use of coastal areas.
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S5

Marine social-ecological systems, human security,
and climate change: policy responses

10 July, 13:30 (S5-O1)

Sea-level rise and its impact on marine social-ecological systems
Roger McLean
Australian Defence Force Academy, University of New South Wales, Northcott Drive, Canberra, ACT 2600, Australia. 		
E-mail: r.mclean@adfa.edu.au

Atoll islands are the archetypal marine social-ecological system, comprising in close proximity open
ocean coral reef islands and enclosed lagoons. The islands provide the only habitable space for human
populations, their settlements and land-based activities, while the adjacent reef, lagoon and ocean
provides the living and non-living resources for their livelihood, particularly small-scale artisanal fisheries.
Atoll environments are also ‘fragile’ and the islands highly vulnerable to a host of global and locally
generated impacts. Some impacts have resulted in the ultimate response to hazard: intra-state and interstate resettlement and island abandonment. Such responses are not just historical artefacts, but have
occurred in the last decade, and are projected to become much more widespread with future sea-level
rise and increasing sea surface temperature. Will island carrying capacity be exceeded? Can atoll socialecological systems be sustained throughout the 21st century in the face of global- and local-change
pressures? Or, will more settlements and/or islands not be able to cope and be abandoned? These
issues are addressed with reference to three atoll states, which have subtle differences in their physical
and biological characteristics and climatic and oceanographic regimes, and more significant contrasts in
their demographic and economic conditions, especially in their socio-cultural backgrounds: Polynesian
(Tuvalu), Micronesian (Kiribati) and Maldivian (the Maldives). In all three states, sea-level rise is seen
as the critical climate change issue, with implications for human security and sustainability of island and
marine social-ecological systems.
When dealing with sea-level rise, a problem faced by local advisers, planners and policy makers is
whether to use global or local sea level histories and projections for climate change vulnerability, impact
and adaptation studies. A second problem is whether to incorporate variability as well as change in
any projections. Similarly with sea surface temperature: global or local, change or variability? Here
specific attention is paid to three sets of future projections: 1) based on global (IPCC) scenarios; 2)
based on local tide-gauge and SST data; and, 3) a combination of the two. It is concluded that global
projections, moderated by local observations, should be used in the formulation of policy, and that
variability and not just change should also be incorporated into any projections. Examples from the
three atoll states are presented, together with analyses of the potential impacts. For sea-level rise
these include accelerated coastal erosion, saline intrusion into freshwater lenses, increased island
inundation and sea flooding, and the destruction of settlements and infrastructure from the higher reach
of storm surges and king tides. Finally, the interaction between sea-level rise and increased SST on
local fisheries is also considered, with different social-ecological implications and ways of coping in
each of the three atoll states.

10 July, 13:45 (S5-O2)

The impacts of climate change on marine social-ecological systems: the plight of
coastal fisherfolk communities in Bangladesh
Ahsan Uddin Ahmed1 and Sharmind Neelormi2
1
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Centre for Global Change, 12-Ka/A/1 Shaymoli Second Lane, Dhaka-1207, Bangladesh. E-mail: ahsan.ua@gmail.com
Department of Economics, Jahangirnagar University, Savar-1342, Bangladesh.

Although Bangladesh – a low-lying deltaic country located in South Asia – is globally known to be one of
the countries with the highest vulnerability to climate change, little evidence-based attribution has so far
been possible to establish linkages between people’s vulnerability and climate change. The country’s
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vulnerability is mainly demonstrated by geophysical causes, giving rise to high susceptibility to waterrelated hazards. This reality is compounded by a number of social and economic weaknesses such
as its high population density, high incidence of poverty and malnutrition, glaring social inequity, and
poor governance. The coastal zone is particularly vulnerable to hazards such as sea level rise, salinity
intrusion, coastal erosion, saline water-logging, and cyclonic storm surges.
The coastal fisherfolk communities represent poorest of the poor, who can hardly earn a livelihood from
traditional fishing practices in the Bay of Bengal. In recent decades, the sea surface temperature (SST)
has been exhibiting a general increasing trend, with a net rise in SST of about 0.45°C over the past four
decades. In recent years, the increase in SST in the monsoon period has been significantly high. Such
an increase in SST in the northern Indian Ocean has been attributed to climate change. The marked
increase in SST during the monsoon and post-monsoon seasons of 2007 helped accumulation of heat
energy sufficient enough to cause the formation of as many as 12 ‘low pressures’ to ‘deep depressions’.
With the formation of these hazards, the tidal activity on the surface becomes rough and turbulent,
which devastated livelihoods of the coastal fisherfolk. A complete fishing trip generally lasts for about
15 days, including time for travelling to and from the fishing grounds. If the sea surface becomes
rough, fishermen cannot continue fishing and the port authority issues warnings. Issuance of warning
number 3 or above forces fishermen to come to shore. The time spans between two subsequent
‘rough sea events’ in 2007 were often short, which either forced coastal fishermen to stay out of action
in anticipation of complete loss of investment made for the trip or forced them to abandon incomplete
fishing trips – the latter again being economically draining. As a consequence of too many incomplete
fishing trips and scanty return from subsequent investments, coastal fisherfolk’s livelihoods have been
devastated. Not only have they become significantly indebted to local money-lenders, a social survey
revealed that the fishermen are contemplating large-scale out migration to find alternative livelihoods
in urban areas. Following a few incomplete and/or abandoned fishing trips, many fishermen defied
warnings and dared to continue fishing despite being adequately alerted by the authority. Defying
such warnings has caused lives of over 500 fishermen, who could not return to shore during the super
cyclone Sidr, that took place on 15th November 2007.

10 July, 14:00 (S5-O3)

Socio-ecological responses to climate change in two coastal communities: dexterity
in the optimal fleet
Cameron Ainsworth1 and Tony J. Pitcher2
1
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NOAA Northwest Fisheries Science Center, Seattle, WA, USA.
Peter Wall Institute for Advanced Studies, University of British Columbia, 6331 Crescent Road, Vancouver, BC V6T 1Z2, Canada.
E-mail: pitcher.t@gmail.com

Using whole ecosystem simulation models fitted to local data, this work describes fishery resource
extraction by two coastal communities, one from a temperate marine ecosystem (northern British
Columbia), and one from the tropics (Raja Ampat, Indonesia). Both ecosystems include relatively poor
fishers from local coastal communities who have to compete for benefits with larger-scale fisheries
based elsewhere. Today, both communities are confronted with threats to their livelihoods from climate
change and overfishing. We use a novel common baseline, the “maximum dexterity fleet”, to compare
benefits in the communities. A search algorithm seeks fishery policies that meet both ecological and
social goals (e.g. biodiversity and employment). Forecasts made with the fitted ecosystem models
enable us to analyse the costs and trade offs that may be involved in adapting to climate changes that
cause shifts or increased variance in the primary production that drives the ecosystem. Although the
target fish species, gear types, absolute poverty levels and ways of life of the two fisher communities
are very different, we identify common features in the estimated optimal responses to the climate
challenges to their livelihoods. Monte Carlo simulations enable us to examine the robustness of our
conclusions to uncertainty in model parameters values, but they are also subject to model specification
uncertainty.
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10 July, 14:15 (S5-O4)

Climate change and the future expansion paths for the Norwegian salmon farming
industry
Torbjørn Lorentzen
Bjerknes Centre for Climate Research, Allégaten 55, NO-5007 Bergen, Norway. E-mail: torbjorn.lorentzen@bjerknes.uib.no

The coastal sea water off Norway is highly valuable due to its favourable natural conditions. The sea water
area has for many years been exploited commercially by the traditional capture fisheries and not least by
the expanding fish farming industry. Farming of salmon and trout is the biggest aquaculture industry in
Norway. The first hand value was about 17 billion Norwegian kroner (about 3 billion US dollars) in 2006.
The Norwegian salmon industry is the world’s largest producer of Atlantic salmon and about 3000 persons
are directly employed. This paper focuses on global warming and the possible effects on the future utilisation
of the coastal area for farming of salmon and trout. It is also expected that global warming will affect the
weather conditions and the ecosystem in the northeast Atlantic, and sufficient changes will also affect the
production conditions for the aquaculture industry. We analyse the link between climate change and the
future utilisation of the coastal sea area for salmon and trout production. The following questions are
discussed: 1) How will an overall change in respectively, sea temperature, frequencies of extreme weather
and precipitation, affect the production and location of the industry along the coast? 2) How should the
industry respond or adapt to climate changes, and 3) Will changes in climate and production condition have
any influence on the management of the industry? We will develop a model which integrates the climate
conditions and the value chain of the Norwegian salmon industry, from commercial utilisation of the sea
coastal area to the price formation in the market. The utilisation of the sea coastal area will be based on
a spatial model. The expected future changes in climate will be based on results from the IPCC-reports
and climate models developed at the Bjerknes Centre for Climate Research. The model is applicable
to scenario- and sensitivity analyses and will be a valuable tool for the salmon farming industry and the
government.

10 July, 14:30 (S5-O5)

An analysis of the fishmeal industry: from wild fisheries to international fishmeal and
fish oil markets
Guillaume Péron1, Jean-François Mittaine2 and Bertrand Le Gallic3
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Centre de Droit et d’Economie de la Mer, Brest, Bretagne, France.

Because of the stagnation of commercial landings, the development of aquaculture activities is expected
to rise during the next decades to match the growing demand for fisheries goods. Overall, it is often
expected that the aquaculture sector could reduce the pressure applied over wild stocks to a certain
extent. However, this development is likely to be limited by the availability of key aquaculture inputs,
namely fishmeal and fish oil. Aquaculture is indeed one of the primary users of fishmeal and fish oils
products, together, with the poultry and pig industries (respectively around 45% and 80% of the total
consumption). The availability of these inputs depends mainly on the pelagic stocks, which are already
strongly or over exploited. Thus, the fishmeal industry is expected to play a key role in the future
interactions between aquaculture and the fisheries industries. In particular, the optimisation of pelagic
resource use is crucial to support further development of aquaculture, as well as understanding the
global input and output flows related to the reduction sector. Reduction technologies are characterised
by a number of conversion ratios. Yet, these ratios are in general poorly documented. Based on trade
databases and fish production, this paper provides a method of analysis of pelagic resources used by the
transformation industries as well as results on the levels of transformation of these industries. Beyond
the industrial analysis, this paper shows the relationships which exist between the pelagic fisheries and
the fishmeal industries and the evolution of demand of the aquacole production areas in fishmeal and
fish oil.
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10 July, 14:45 (S5-O6)

Climate change implications for fisheries and aquaculture: contributions to global
discussion from the FAO
Cassandra De Young, Kevern Cochrane and Doris Soto
UN FAO, Viale delle Terme di Caracalla, Rome 153, Italy. E-mail: cassandra.deyoung@fao.org

The world’s dependence on aquatic resources for fisheries and aquaculture is threatened not only by
inefficient use of these resources but also on factors external to the sector, such as pollution runoff, land use
transformation, other aquatic resource uses, and climatic changes. As the majority of coastal inhabitants
(whether riparian, lacustrine, or marine), fishers and fish-farmers are particularly vulnerable to the direct and
indirect impacts of predicted climatic changes including changes in physical environments and ecosystems,
fish stocks, infrastructure and fishing/ aquaculture operations, and livelihoods. The FAO, in recognising
the likely changes to come and the role that natural resources and food producing sectors play in these
changes, organised a High-level Conference on World Food Security and the Challenges of Climate Change
and Bioenergy in June 2008. This conference addressed food security and poverty reduction issues in the
face of climate change and energy security. In addition, the FAO Fisheries and Aquaculture Department
is developing a road map to address climate change implications for fisheries and aquaculture including
an expert workshop in April 2008 as an initial activity to provide inputs into this conference as well as to
address the FAO Committee on Fisheries (COFI) request “for FAO to take a lead in informing fishers and
policy makers about the likely consequences of climate change for fisheries”. The workshop reviewed
and identified the key issues on climate change in relation to fisheries and aquaculture, from the physical
changes, the impacts of those changes on aquatic resources and ecosystems and how these physical
impacts translate into human dimensions of coping and adapting within fisheries and aquaculture. Three
background technical documents were developed to provide the workshop with the state of knowledge
on these issues. The workshop also evaluates policy options and activities at the international, regional
and national levels that can help minimise negative impacts of climate change, improve on mitigation and
prevention, and maintain and build adaptive capacity to climate change. This paper presents the main
conclusions and recommendations, relevant to fisheries, stemming from the April workshop and the June
conference.

10 July, 15:00 (S5-O7)

Challenges and obstacles to regeneration of fisheries after the 26 December tsunami
in Sri Lanka
Prabhath Patabendi
Institute of Human Development and Training, # 858/6, Kaduwela Road, Malabe 10115, Sri Lanka. E-mail: ihdt@sltnet.lk

Sri Lanka’s coastline includes about 1585 km of sandy beaches, extensive lagoons and estuaries,
mangroves, coastal marshes and dunes. Sri Lanka is an island with a land area of 6,570,134 ha and
supports highly productive marine ecosystems such as fringing coral reefs and shallow beds of coastal
and estuarine sea grasses. The coastal and marine ecosystems provide over 65 percent of the animal
protein requirement of the country. The coast is home to a third of the population and this highly productive
ecosystem is an important base for the country’s growth. The coastal zone accounts for nearly 80
percent of fish production. For centuries, Sri Lankans have depended on harvesting fish and other
resources from the reefs around the Indian Ocean Island. The country’s foreign exchange earnings have
reaped the profits from the export of spiny lobsters, sea cucumber and ornamental reef fish that abound
among the corals. The marine fishery industry provides full employment to about 200,000 persons,
part time employment to about 75,000 more and indirect employment to another 25,000 contributing
about 3.0 percent to the GDP in 2005. However, with the rapid increase in effort and an open access
regime, fishing in coastal areas has become difficult with low catches and fishing rights conflicts. A
large proportion of marine fish stocks are fully exploited, over-exploited, depleted or in need of recovery.
Seventy percent of Sri Lanka’s 29,694 fishing fleet was lost following the 26th December tsunami. In
some places in the eastern province the sea water had moved two to three kilometres inland taking its
toll of complete fishing villages, the craft and nets the fishermen used. The Jaffna peninsular was also
badly inundated. The 200,000 strong active fishermen, 90 percent of whom are Christians were enjoying
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their Christmas festivity in huts situated a stone throw from the ocean. Many thousands of women and
children of the island’s fisherfolk are missing or dead, drowned by the tidal waves. The next generation
of fishermen from the eastern and southern coasts which took the strongest impact, could be largely lost.
The fishing industry needs active fishermen to engage in fisheries. Although Sri Lanka received many
boats and fishing gear from the international community after the tsunami it will take at least 20 years to
produce the next generation of fishermen to regenerate the fishing industry. This paper provides a broad
review of the national fisheries situation in Sri Lanka after the 26th December tsunami presenting socialecological issues related to coastal regions. It will also highlight the efforts of the fishing community to
overcome the situation and lessons learnt in the recovery process.

10 July, 15:15 (S5-O8)

Livelihood diversification in coastal and inland fishing communities: misconceptions,
evidence and implications for fisheries management
Cecile Brugere1 and Edward Allison2
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This paper opens up the question of diversification in fishing communities to challenge assumptions related
to the degree of specialisation of the activity, the characteristics of fishing households in their attitude to
diversification and the relationship this may have to the state of fisheries resources. Determinants of
diversification in fishing households are reviewed and reasons for misconceptions regarding diversification
in fishing communities are explored. Few studies were found to jointly document diversification levels in
relation to fishing pressure. However, albeit scattered through the literature, compiled evidence from case
studies in coastal and inland fishing communities showed that diversification (i.e. the process by which a
household increases the number of its income generating activities) was more widespread than currently
admitted, underlining the inadequacy of policies promoting specialisation within the fisheries sector.
Although diversification in fishing communities should not be a panacea, the case is made for flexible
policies combining measures for promoting simultaneously diversification and fisheries conservation.
In this regard, use of holistic, sustainable livelihood approaches to document the situation of fishers
and inform policy makers, and implementation of new fisheries management approaches such as the
ecosystem approach to fisheries could offer opportunities to tailor policies to the real and specific needs
of fisherfolks.

10 July, 16:00 (S5-O9)

The ugly face of poverty: ecosystem damage and food security in a small-scale fishery
on the Atlantic coast of Nicaragua
Camilla Andreassen
Norwegian College of Fisheries Science, University of Tromsø, Hjalmar Johansens gt. 94c, Tromsø 9007, Norway. 		
E-mail: camilla.andreassen@nfh.uit.no

Alleviating poverty sometimes requires strategies that are inherently in conflict. For instance, in fisheries
and coastal communities poverty is commonly related to overuse and hence degradation of natural
resources both as a cause and effect. Poor fishing people may have often no other alternative than to
continue their environmental destruction which will eventually backfire on them. For fisheries and coastal
management this involves a dilemma: as you aim to develop a fishery, you may end up undermining its
basis. As you seek to reduce poverty, you risk aggravating it. This paper will look into the causes and
effects of poverty and question whether or not it is true that small-scale fishers contribute to resource
degradation and if so, map out the causal factors and mechanisms involved. The paper is based
on research carried out in the Pearl Lagoon of Nicaragua’s Atlantic coast. People of different ethnic
backgrounds, some of them indigenous, live in scattered communities along the lagoon shores. Overuse
of marine resources and other factors leading to environmental degradation are now jeopardising their
food source and hence threatening their existence. The question discussed is what it would take to turn
this trend around.
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10 July, 16:15 (S5-O10)

Assessing the contribution of marine and coastal ecosystem services for poverty
alleviation
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We report on a situation analysis of the status, changes and drivers of change in marine and coastal ecosystem
services (ES) that support the livelihoods and well-being of the urban and rural poor in developing countries.
We use the conceptual framework of the Millennium Assessment of supporting, regulating, provisioning and
cultural ES but extend this framework to emphasise 1) the role of exogenous pressures and drivers that lie
outside the control of resource managers; 2) the dynamics of change including uncertainty about processes
of change, impacts of different management options, and likelihood of non-linear and irreversible change;
3) the trade-offs inherent in management decisions; and 4) the factors determining access to the benefits
of ES by the poor. The situation analysis is the result of planned activities including one global and two
regional (western Indian Ocean and Southeast Asia) assessments of existing knowledge, indicative focus
groups with poor stakeholders, and national policy scenario workshops in Kenya, Tanzania, Mozambique,
South Africa, Mauritius, Philippines, Vietnam and Malaysia. Ultimately the on-going analysis will highlight
threats, opportunities and constraints to ES and the trade-offs inherent in policy options. Key challenges
for research, current gaps in knowledge and capacity and priorities for research to support the maintenance
of ES explicitly for poverty alleviation will be presented.

64

Coping with Global Change in Marine Social-Ecological Systems

S5 posters
Poster S5-P1

Towards an adaptive management framework for the Namibian line fishery
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Namibia experienced a regime of uncontrolled fishing and inadequate fisheries management during the
1960s, 1970s and 1980s, which led to overexploitation of its living marine resources. After having gained
independence in 1990, Namibia has been commended on developing and legislating modern policies for
fisheries management. However, environmental variability and ecosystem-scale changes in the northern
Benguela ecosystem have hampered the recovery of overexploited resources. The Namibian line fishery
is no exception in this general picture. This fishery comprises artisanal, recreational, ski-boat fishermen
and commercial line-boat sectors. Its economic and social importance is thought to be undervalued.
The fishery has historically been regulated by effort control, and currently no annual Total Allowable
Catch (TAC) is set. The need for all stakeholders to participate both in the planning of a management
system, and in the management process, is generally acknowledged. However, views and perceptions
of Namibian line fishery stakeholders are not well integrated within the management of this fishery. This
case study seeks to obtain a holistic understanding of the line fish sector in Namibia, to gain an improved
understanding of stakeholders’ perceptions regarding the management of line fish resources in Namibia
and to develop a decision support tool that would enhance current management within the broader context
of an Ecosystem Approach to Fisheries management (EAF). We present results of a stakeholder analysis
and a survey undertaken to establish the role, values, needs, perceptions and capacity of Namibian line
fishery stakeholders in managing the fishery and adapt to impacts of uncertainty, and capture the results in
value trees. The existing legislation for the line fishery management in Namibia is moderately sufficient to
manage line fish resources in a sustainable manner. However, our preliminary results reveal inconsistencies
in decision making, planning and implementation of management strategy among four sectors of the
Namibian line fishery. The capacity and interests of stakeholders vary across socio-economic standings
among recreational, subsistence and commercial fishermen. We evaluate these results in relation to the
complexity of human and natural systems in the context of environmental variability and change, as well as
an unstable economic system.

Poster S5-P2

Fish for food security in the Pacific: building resilience to population growth and
climate change
Johann Bell
Secretariat of the Pacific Community, B.P. D5, Noumea Cedex, New Caledonia 98848, France. E-mail: johannb@spc.int

The Pacific island countries and territories (PICTs) have an extraordinary dependence on fish for food
security. Key features of the social-ecological systems that use and supply these fish are that 1) fish
contributes 60-90% of dietary protein in rural areas of most PICTs; 2) annual per capita fish consumption
ranges from 33-110 kg for the majority of PICTs; and 3) most of the fish used for food security comes from
coastal subsistence fisheries, particularly on coral reefs. The dietary ‘subsistence affluence’ provided by
fish throughout much of the Pacific is under threat due to rapid population growth and climate change.
By 2030, the total population of the region is predicted to increase by 50%. The potential productivity of
inshore fisheries will be insufficient to meet the forecasted demands for fish in 2030 in more than half of
the 22 PICTs. Unless other supplies of fish are provided, per capita fish consumption is set to fall in these
countries and territories as populations increase. Regrettably, the gap between supply and forecasted
demand is being made even greater by poor management of coastal fisheries and the degradation of coral
reefs due to the warming and acidification of the sea. To provide the fish needed for future populations,
PICTs will need to optimise the management of small-scale coastal fisheries to minimise the growing gap in
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the amount of fish required and diversify the supply of fish by finding ways to 1) increase access for coastal
communities and urban dwellers to the abundant tuna resources of the region, and 2) scale-up small pond
aquaculture. The good news is that the technology needed for these interventions is available. Deployment
of arrays of low-cost inshore fish aggregating devices (FADs) as part of the national infrastructure for food
security promises to increase access to tuna in rural areas (for urban centres, retaining and distributing
discards from industrial tuna fleets will help meet the demand from burgeoning populations). Genetically
improved farmed tilapia, or other strains of Nile tilapia, have already been introduced to many of the larger
PICTs in the region. These easy to rear, fast-growing fish can provide the foundation for efficient, small
pond aquaculture for subsistence and livelihoods in PICTs with adequate freshwater. Few problems are
envisaged in the acceptance of either tuna or tilapia as an additional source of food throughout much of the
Pacific. Deriving fish from three sources – coastal fisheries, tuna and small pond aquaculture - will provide
rural dwellers with the options to switch between production systems if and when they are affected by
climate change. Given rapid population growth, and the lead times necessary for the two new ‘vehicles’ to
supply substantial quantities of fish, this much-needed diversification should be planned and implemented
as a matter of urgency.

Poster S5-P3

An integrated and statistical approach for the valuation of biological and economic
status of fisheries
Fabienne Daures, Patrick Berthou and Emilie Leblond
IFREMER, Centre de Brest, BP 70, Plouzane 29 200, France. E-mail: fdaures@ifremer.fr

The extreme diversity of fishing fleets within a country is well known although data is not always readily
available. This is crucial for the European fisheries where vessels less than 12 metres represent almost
75% of the total European fleet. The lack of data on the small scale fleets does not only refer to costs and
earnings data but also to the fishing activity in terms of target species and fishing areas. Faced with the
increasing price of fuel and the depletion of traditional marine resources, fisheries managers need to know
more about their fisheries including the small scale fleet. This paper presents an integrated methodology,
combining both biological and economic disciplines, used to collect data for the valuation of biological and
economic status of fisheries especially when declarative forms are inexistent. Dealing with the concepts
of ‘metier’, fleet and fisheries, this methodology has been applied in France for almost 10 years and
demonstrates the significant role of small scale fisheries in the French fishing sector.

Poster S5-P4

Are the implications of spatio-temporal oceanographic phenomena on the small pelagic
fishery in the Straits of Malacca significant?
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The pelagic fishery of Malaysia is of major economic importance because of its significant contribution
to the country’s fish production. A study that employed different sets of data to effectively model the
impact of spatio-temporal characteristics of oceanographic changes on the distribution and abundance
of pelagic fishery resources in the Straits of Malacca (SOM) was carried out. The annual fluctuations
of the availability of pelagic fishery resources in relation to SST and Southern Oscillation Index (SOI)
variations have been established. The natural environmental variations, known as El Niño Southern
Oscillation (ENSO) events were identified as warmer than normal temperatures and with low negative
values of the SOI. Barracudas, round scads, jack-cavalla-trevally, anchovies, hardtail scads and Indian
mackerel showed relatively low catch values during El Niño episodes. However, the catch of wolf herring
and Spanish mackerel were found to be comparatively high during El Niño episodes. Annual landings
of purse seine nets operated in the SOM from 1980-2001 showed a significant (p <0.05) correlation with
SOI whereas the catch from trawl nets did not show any apparent relationship. Physical oceanographic
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phenomenon has a significant impact on the variations of fish catches, CPUE and fish density. The concept
and implications of SST variability and ENSO on distribution and abundance of pelagic fishery resources
in the SOM were identified and critically discussed. The findings obtained from this research could be very
useful for not only for further development and management of pelagic fishery resources in the SOM but
also all in tropical waters.

Poster S5-P5

Beating fishhooks into spears: civil conflict, crowding-out effects and marine
fisheries
Cullen Hendrix and Sarah Glaser
University of California, San Diego, 2468 Broadway Avenue, San Diego, CA 92102, USA. E-mail: cshendrix@gmail.com

How have changing global patterns of human cooperation and conflict affected the utilisation of marine
resources? While much is known about the impact of large interstate wars on marine fisheries, at the
beginning of the 21st century, civil war has become the most prevalent form of armed conflict. With it,
new threats to human security, including food security, have come to the forefront. Civil conflict imposes
large economic costs on the societies in which they occur, both through the destruction of physical
capital but also through the crowding-out effect: the shift of investment of time and human capital from
productive to destructive activities. While a plethora of studies have demonstrated impacts of World War
II on the industrial fish catch of developed nations, there have been no systematic studies documenting
the effect of civil conflict on fishing, either artisanal or industrial, in developing and developed nations.
We undertake a systematic survey of the effects of civil conflict on marine fish landings. We estimate the
impact of civil conflict on nominal landings data for marine fisheries for a panel of countries from 1950
to 2005, using both time-series cross-sectional and nonparametric, case-control matching techniques.
Civil conflict data are taken from the Uppsala Conflict Data Project/Peace Research Institute of Oslo
armed conflict database, and landings and effort data are from the FAO Yearbook of Fisheries Statistics.
We find a strong, statistically robust and negative relationship between the incidence of civil conflict and
fishery yields. The intensity of the negative relationship between catch and civil conflict is mediated
by the proximity of conflict zones to coastal areas, the degree of industrialisation of the fishing fleet,
and the intensity of conflict. The study concludes with a discussion of how the impacts of a changing
global environment, including patterns of fish migration and changes in fishing pressure, may heighten
or mitigate these effects, and recommendations for policymakers that would make marine catch less
susceptible to disruptions caused by civil conflict.

Poster S5-P6

Perceptions of stakeholders towards objectives and zoning of marine protected areas
in southern Europe
Stephen Mangi and Melanie Austen
Plymouth Marine Laboratory, Prospect Place, Plymouth PL1 3DH, UK. E-mail: stcma@pml.ac.uk

The perceptions of stakeholders towards objectives and zoning of Marine Protected Areas (MPAs) in
southern Europe were studied through face-to-face interviews to identify areas of agreement and
disagreement. Views were sought about the main objectives of marine protection, ideal zonation of MPAs
and the ways to manage stakeholders’ competing interests in MPAs. There was a good agreement on
the objectives of marine protection, with conservation and fisheries management scored highly while
research, education and tourism low. However, there was a disagreement on which objective was most
important, with most stakeholders listing conservation while fishers listing fisheries management. Most
stakeholders saw MPAs that had been established for longer periods of time to offer more conservation
than fisheries benefits. Analysis of the perceptions shows strong agreement in having MPAs with different
use zonations, including designated areas for recreational fishing, diving and the full protection of species
and ecosystems. The results point to a need for greater communication between scientists, managers
and fishers to improve the disparity in understanding the fisheries benefits of marine protection between
these groups.
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The Baltic Sea is a highly vulnerable and unique component of the human environment and consists of a
number of different natural brackish-water sub-systems. These should be recognised and managed by the
natural regions formed in different salinity, temperature and productivity conditions, under a characteristic
circulation pattern pertinent to the bottom topography. Ten regions have been differentiated in the Baltic
Sea: Kattegat, Belts and the Sound, Arkona, Southwest, Eastern and Northwest of the Baltic Proper, Gulf
of Riga, Gulf of Finland, Bothnian Sea and Bothnian Bay (grouped into three macroregions – the Transition
Area, Baltic Proper and Large Gulfs). These regions coincide with the areas of local populations of the
main fishes developed as a result of adaptation of the species to their habitats. The long-term future
trend of fish stocks cannot be predicted by the methods largely applied today. For this purpose close
dependence of the ecosystems on the periodic climate changes (triggered probably by extraterrestrial
phenomena) could be applied. Kalejs and Ojaveer (1989) handled the large-scale changes in the Baltic
ecosystems as a result of the appearance of a periodic phenomenon with the sequence of background
events: extraterrestrial factors → climate changes → marine ecosystems → fish stocks and applied the
phenomenon for prognostication purposes for the period 1988–1993–2008. Now this long-term qualitative
forecast on the abundance changes of the main fish stocks of the Baltic Sea has been proved. Similar longterm forecasts have considerable socioeconomic effect and enable an efficient introduction of a sustainable
management policy. Eutrophication of the once oligotrophic Baltic Sea has increased its productivity
but introduced changes in the biological and functional diversity of ecosystems, habitat destruction,
etc. Diminishing of the anthropogenic pressures (pollution, overexploitation, invasion of alien species)
is crucial. Restoration of the balanced state of the ecosystems and their natural values would result in
economic and social benefits, reasonable exploitation of resources and wider usage of the sea for tourism
and recreation. Education of specialists in ecology, socio-economics, ethics etc. for the assessment and
management of ecosystems and exploitable stocks is of key importance. Also, an extremely important
priority is dissemination of knowledge and know-how to increase public awareness and participation in
the implementation of environmental projects (e.g. SPICOSA) aiming at sustainable development and the
necessity of policy changes to combine the management of marine ecosystems and resources and their
protection with economic development.

Poster S5-P8

Maritime regional sustainability, social-ecological resilience and complex systems
governance: linking the concepts in Atlantic Europe
Andy Scollick
Coastal and Marine Resources Centre, Environmental Research Institute, University College Cork, Haulbowline Naval Base, Cobh,
Co. Cork, Ireland. E-mail: a.scollick@ucc.ie

Social-ecological resilience and related concepts concerning change and persistence in complex adaptive
systems have important implications for the European vision of an integrated, cross-sectoral approach
to maritime affairs. This paper explores the notion that a resilience perspective on the key dynamic
interactions between co-evolving and intimately linked human and biophysical dimensions of whole socialecological systems is supportive of the emerging Integrated Maritime Policy for the European Union
(EU). The Integrated Maritime Policy is aimed at enhancing human well-being through maximising the
economic benefit from the oceans and seas whilst ensuring ecological sustainability, a healthy environment,
social justice and intergenerational equity. In other words, it is a policy tool for achieving the sustainable
development of Europe’s maritime spaces and coastal regions. As such, it incorporates an environmental
pillar, the EU strategy for the protection and conservation of the marine environment, and provides
a new context for maritime spatial planning and integrated coastal zone management. Furthermore, it
acknowledges the concomitant need to enhance Europe’s capacity to deal with the challenges of rapid
global social and environmental change. These complex sustainability problems include globalisation,
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energy security, mitigation of climate change and adaptation to its impacts, exploitation and conservation of
natural resources, and competing uses of the oceans and coasts, and the ecosystem goods and services
they provide, as well as the ongoing deterioration of the marine environment. Among the central issues in
developing the Integrated Maritime Policy, related strategies and the ecosystem approach is the need for
a comprehensive governance framework to translate the vision into reality. Policy implementation actions
are required both at and between local, regional, national, EU and global levels, with different roles and
responsibilities for the institutions and stakeholders at each level. Governance must also function across
different human and biophysical scales, and include actions tailored to the diversity of conditions, problems
and needs of Europe’s maritime regions and ecosystems. It is essential that a new system of governance
develops with an architecture and approach that successfully address the intrinsic attributes of socialecological systems including complexity, diversity, nonlinear interactions and feedback loops, multiple
stable states and thresholds, abrupt regime shifts and slow transitions, nested hierarchical structures,
multiple scales, cross-level and cross-scale interactions and scale mismatch, persistent uncertainty and
unpredictability, self-organisation and reorganisation, emergence and surprise. The paper discusses the
essential identity of a large, regional scale ocean and coastal social-ecological system, in this case one that
encompasses the Atlantic maritime margins of Europe. The so-called European Atlantic social-ecological
system (EASES) is explored in relation to existing structures and processes critical to the functioning of
the whole system, focusing in particular on the concept of social-ecological resilience – a system’s ability
to persist by absorbing disturbances and reorganising whilst adapting to and shaping change, and so
retain its essential wholeness and identity. The paper ends with a discussion of the governance capabilities
necessary for building resilience in complex maritime social-ecological systems with a view to achieving
maritime regional sustainability.
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Practicing interdisciplinarity: how can marine and social
scientists work together on social-ecological systems?
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Interdisciplinarity and marine social-ecological systems
Rosemary Ommer
University of Victoria, 1203 Beddis Road, Salt Spring Island, BC V8K 2C8, Canada. E-mail: ommer@uvic.ca

Rural coastal communities in many parts of the developed world are in crisis. Nowhere is this more true
than in the coastal resource-based communities on the east and west coasts of Canada where there has
been accelerating degradation of their social-ecological systems. That is, changes in natural environments
have interacted with political, industrial and social change to affect the health of people, communities and
the natural environments in which they are embedded. This process of degradation has been masked by
discipline-based science, by silo-based policy-making and by the dynamics of restructuring within and across
sectors (intensification, expansion, shifting across sectors - to some degree by the unanticipated resilience
of coastal people and by unanticipated ecological responses) and has also tended to channel that resilience
in the direction of extraction (jobs or health - human and environmental health) rather than in the direction of
stewardship and recovery. This paper will discuss the interdisciplinary project Coasts Under Stress (CUS),
which was a five-year Canadian experiment in large-scale interdisciplinary team research that looked at the
interactions between environmental and social restructuring, and the consequences for the health of people,
coastal communities and coastal environments. It will focus on doing large-scale interdisciplinary research
across the marine and social sciences, identifying problems, rewards and potentials.

9 July, 10:05 (S6-O2 Invited)

Interdisciplinary modelling for an ecosystem approach to management: a question of
balance
Anthony Starfield
University of Minnesota, c/o MA-RE Institute, Zoology Dept., University of Cape Town, Private Bag X3, Rondebosch, Cape Town 7701,
South Africa. E-mail: starf001@umn.edu

The interplay between living marine resources, natural and social systems, global change, multiple
management objectives, and decision making under all sorts of uncertainties, presents a challenge to
scientists of all backgrounds aiming to provide a scientific basis for management decisions under an
ecosystem approach. Models are often the only way to evaluate alternative management options in terms
of multiple objectives. This talk will explore modelling heuristics and paradigms for responding to this
challenge. It will touch on ideas such as rapid prototyping, the design of experimental virtual worlds, the
importance of assumption analysis, and models as a form of communication between disciplines and also
between scientists and managers or stakeholders. A key concept will be the question of balance (what to
include, and how simply to represent it) in both designing models and structuring objectives.

9 July, 11:00 (S6-O3)

Creating an interdisciplinary network for Ecosystem-Based Management tools
Sarah Carr and Patrick Crist
NatureServe, 1101 Wilson Boulevard, 15th Floor, Arlington, VA 22209, USA. E-mail: sarah_carr@natureserve.org

Ecosystem-Based Management (EBM) is an innovative management approach that integrates ecological,
social, and economic goals and engages diverse stakeholders in a collaborative process. Since the
approach is inherently interdisciplinary, the tools needed to help implement it need to be interdisciplinary as
well. Software tools that can help implement EBM include tools that can help collect, manage, and process
data about ecosystems and human communities; generate and visualise scenarios of potential futures for
ecosystems and human communities; and facilitate communication with and foster collaboration amongst
stakeholders. The EBM Tools Network (www.ebmtools.org) is an international, voluntary alliance of leading
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tool users, developers, and training providers to promote awareness, development, and effective use of
software tools for EBM in coastal and marine environments and the watersheds that affect them. Network
members have expertise ranging from marine ecosystem modelling to coastal land use planning to marine
resource economics to stakeholder engagement processes. They represent a wide variety of institutions
from federal agencies to international and regional conservation organisations to universities to for-profit
businesses. This collaboration has successfully produced a comprehensive, searchable on-line database
of EBM tools and a website www.ebmtools.org that is the leading source of information on EBM tools. The
Network has also embarked on a number of interdisciplinary EBM tool development and implementation
projects. This presentation will provide an overview of EBM tools, particularly tools or sets of tools that can
help with interdisciplinary analyses or engage stakeholders. It will also describe the origins of the EBM
Tools Network, its current activities, and the resources that it provides as well as give insight into factors
that have made this interdisciplinary collaboration successful.

9 July, 11:10 (S6-O4)

Multi-criteria decision support: a toolbox for integration, communication and
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Decisions concerning the management of human activities in the complex marine social-ecological systems
of our world need to account for multiple objectives at multiple scales, and deal with considerable uncertainty
with respect to the present and the future. Multi-criteria decision support offers a suite of techniques to
structure such complex decisions, and to increase the transparency of the decision-making process. These
techniques capture and integrate expertise from a variety of specialists (including practitioners, natural and
social scientists, and decision makers), and therefore can provide a framework for improved communication
among stakeholders, as well as for interdisciplinary research collaboration. This contribution reviews
existing applications of multi-criteria decision analysis in marine social-ecological systems. We compare
the communicative and collaborative achievements of the methods that have been applied, and explore
their potential to support holistic, adaptive management approaches. Additionally, we outline case studies
for multi-criteria decision analysis for an ecosystem approach to fisheries in the EU, North America, South
America and southern Africa.
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Assessment of change in the mangrove ecological zone and its socio-economic
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Pennsylvania State University, 3000 Ivyside Park, Altoona, PA 16601, USA.

The Niger Delta located in the central part of southern Nigeria is endowed with immense natural resources,
especially hydrocarbon deposits. Crude oil production and export from the region, in the range of two million
barrels a day, dominates the Nigerian economy, accounting for over 90% of the Nation’s total export earnings.
The region is also home to the largest contiguous mangrove forest in Africa and the third largest in the world,
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following Indonesia and Brazil. The term mangrove refers to salt tolerant species of trees or shrubs that grow
on sheltered shores and in estuaries located in the tropics and some sub-tropical regions of the world. They
support highly productive marine food chains and provide harbour for large numbers of larvae and juvenile
stages of important fisheries. They also provide diverse functions such as water quality maintenance, local
micro-climate stabilisation and shoreline protection. However, mangrove ecosystems are in serious decline
around the world resulting in sedimentation problems and undermining the sustainable supply of fish stocks.
As a result of these developments, international organisations and government agencies in several countries
are urgently setting up stock taking and monitoring programmes to protect this fragile but important ecosystem.
The mangrove ecological zone in the Niger Delta region depicts a classical case of a region where resource
exploitation (driven by rising global energy demand) and indigenous use of the environment are in direct
conflict resulting in ecological and socio-economic consequences. Hence, this study seeks to advance our
understanding of coastal change dynamics through constructive engagement with the dialectic, politics,
conflicts and social equity issues associated with the physical and created environments which provide the
enveloping contexts within which the lives of the Niger Delta coastal inhabitants are structured. Specifically,
change in the spatial extent of the mangrove forest in the Niger Delta was estimated using Landsat remotely
sensed satellite data from the mid-1980s through 2003. Overall, a total of 21,340 hectares of mangrove forest
were lost over the study period. Fieldwork research in the region confirmed that these losses were primarily
due to urbanisation, dredging activities, activities of the oil and gas industries, and the spread of Nypa Palm
(Nypa frutican) plant species. The next stage of the work is the valuation of the social-economic cost of the
mangrove loss to the local communities in the Niger Delta and policy implications.

9 July, 11:35 (S6-O6)

Coping with global trends in developing countries fisheries: the Argentine case
Maria Onestini
Centro de Estudios Ambientales CEDEA, Pje del Carmen 724, Piso 3, Buenos Aires, C1019AAB, Argentina. 			
E-mail: rponesti@criba.edu.ar

Since the early 1990s Argentine fisheries exploitation has experienced an extraordinary growth. The
exploitation of fisheries resources was very minor in Argentina until that period. The growth of fisheries took
place at unprecedented rates, and this has been one of Argentina’s most dynamic economic sectors in recent
times. It has been categorised as the world’s fastest growing fishery by several international agencies. Global
change factors have been the drivers that have thrust the resulting situation: i.e. that in only a few years a
country with underused fisheries resources and with practically no major fishing operations has moved to be
a net exporter and have fisheries surpass other traditional agricultural activities. The global change factors
identified include resource over-exploitation, competing uses of the marine environment between different
social sectors (export-oriented international actors as opposed to national local consumption stakeholders),
and globalisation of fisheries trade. Climate change has played a role in the growth of some of the fisheries
exploited as well as in the global to local links. Data that demonstrate these statements for example,
indicate that exports grew steadily in the last decade. For example, the value of exported products grew
478 percent between 1985 and 1995. This growth has been maintained at a steady state since then, with
several peak years in the last decade. In some years exports surpass international trade in traditional
agricultural products. A strong international dimension is present in the current patterns, not only from
the growth in international trade, foreign investment and licensing to non-Argentine fleet, but also due to
the heavy reliance on foreign markets by the sector on harvesting. For instance, 90 percent of fisheries
resources are exported to different markets. However, this pattern is also due to the transnationalisation of
capital in the fisheries sector. Nevertheless, this growth did not take place with adequate acknowledgment
of implicit multidimensional factors nor explicit management instruments and have resulted in near-collapse
of some species as well as social conflict. The lack of acknowledgement of the multidimensional aspects of
fisheries management has resulted in failed policies at the national level. Management policies have almost
exclusively dealt with discrete biological factors (such as maximum sustainable yield) to fix management
guiding principles. However, even these most basic policy guidelines have not been met due to a lack of
explicit recognition of the myriad of issues involved in fisheries exploitation, including economic, social,
cultural as well as ecological in a broad sense. Furthermore, global change issues have not been factored
into broader policy management. The paper proposed will expand upon the dynamics experienced in the
recent exploitation pattern of Argentine marine fisheries as an illustration to global change’s crucial impact
upon modern-day fisheries exploitation. Furthermore, it will highlight integrated management approaches
from different disciplines in order to design and implement better more successful practices, bearing in mind
a developing country context that Argentina is faced with.
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The callus axe Atrina oldroydii (Hall, 1901), fishery in Teacapán, Sinaloa, Mexico:
towards co-management
Ramón Morán-Angulo and María Valdez-Pineda
Universidad Autónoma de Sinaloa, Paseo Claussen s/n Col. Los Pinos, Mazatlán, Sinaloa 82000, Mexico. 			
E-mail: morangulo@yahoo.com.mx

In late February 2007, a bank of callus axe Atrina oldroydii (Hall, 1901) was discovered in the northern
coastal strip south of Nayarit and Sinaloa, Mexican states of the Pacific. In the village of Teacapán, Sinaloa,
the development of the fishery was dizzying and free access, and the slowness of the authorities to assess
the appeal and take decisions to formalise the use and management of the fishery resulted in the fledgling
organisation and strengthening of the local fishing organisations to organise the process of extracting
and marketing, starting a profound and conflicting interaction between authorities and fishermen. This
phenomenon not only upset the traditional dynamics of fishing groups whose activities had led to the capture
of sharks, golden flakes and shrimp, but also upset the socio-economic dynamics of the whole village.
This paper deals with the social, anthropological and biological fishery that identify and characterise the
fishery, for which the elements are constructed from co-management, as an immediate option for fisheries
management.
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S6 posters
Poster S6-P1

Systems thinking: old ideas for interdisciplinarity in marine social-ecological
systems
Milena Arias Schreiber and Marion Glaser
Center for Tropical Marine Ecology (ZMT), Fahrenheitstrasse 6, Bremen 28359, Germany. E-mail: milena@uni-bremen.de

Over recent years there have been a number of parallel trends all calling for paradigms shifts towards
more interdisciplinarity in order to achieve sustainable management of resources. Some of these trends
include: sustainable science based on the statements following the Friibergh Workshop in 2000, postnormal sciences (Functowicz and Ravetz, 2007) and the new production of knowledge based on the work
by Gibbons et al., 1994. These trends share the demand to develop new methods for interdisciplinarity,
since the problem to be tackled (in our case sustainability) is too broad or complex to be solved by a single
discipline. Systems thinking is just one method to look at the world around us, and could be defined as the
science of systems. Systems thinking under the name of general system theory was first developed during
the 1930s and 1940s in response to the search of universal principles applicable to more than one of the
traditional departments of knowledge. Von Bertalanffy first successfully introduced general system theory;
its necessity resulted from the fact that the mechanistic scheme of isolable causal trains and meristic
treatment had proved insufficient to deal with theoretical problems, especially in the biosocial sciences,
and with the practical problems posed by modern technology. Another remarkable systems thinker, E.
Laszlo stated in 1972 ‘if we are to understand what we are and what we are faced with in the social and the
natural world, evolving a general theory of systems is imperative’. Our purpose here is to examine ‘systems
thinking’ ideas, as a starting point to direct our current search for a conceptual and interdisciplinary research
on marine social-ecological systems (SES). SES are defined as integrated systems of humans and nature.
The definition of a system was maybe one of the most important contributions of the old systems thinkers. A
system can be defined as ‘a set of objects together with relationships between the objects and between their
attributes’. Concepts such as wholeness and sum, environment, mechanisation, centralisation, hierarchical
order, stationary and steady states, equifinality, etc. are characteristics of systems. These characteristics
common of all systems were called isomorphisms or invariances and their understanding and classification
could be used to develop a common language for scientists of different disciplines to communicate and
work inter-disciplinary. Based on two marine SES on the Pacific coast of South America, we present in this
work examples of how in practice, the old ideas of systems thinking could improve interdisciplinarity.

Poster S6-P2

Collaborative research in Peruvian marine social-ecological systems: the CENSOR
experience
Marie-Caroline Badjeck1, Ricardo Chero1, Friedemann Keyl1, Jaime Mendo2, Marc Taylor1, Flora Vadas1
and Matthias Wolff3
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2
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Center for Tropical Marine Ecology, Fahrenheitstr. 6, Bremen D-28359, Germany. E-mail: mc_badjeck@yahoo.com
Universidad Nacional Agraria La Molina, Lima, Peru.
Charles Darwin Research Station, Puerto Ayora, Santa Cruz, Galapagos, Ecuador.

The El Niño Southern Oscillation (ENSO) strongly influences marine biodiversity and the sustained
exploitation of marine resources in Peru and Chile. The warm phase (El Niño) and cold phase (La Niña)
causes differences in the upwelling Humboldt Current and has either positive or negative ecological,
infrastructural, and socioeconomic implications. Understanding and alleviating the multiple consequences
of ENSO is essential to maintain the livelihood of coastal human communities. The EU-funded project
CENSOR (Climate variability and El Niño Southern Oscillation: Implications for natural coastal resources
and management) aims at an interdisciplinary understanding of coastal systems to support the sustainable
exploitation of marine resources and the income and livelihood of local communities. To achieve this,
Workpackage 4 of this project has developed conceptual and quantitative, resource, ecosystem and
problem-specific social-ecological system models based on interdisciplinary work between ecologists,
biologists and social scientists. Through activities such as the web-based integration of information on
coastal ENSO effects, stakeholder meetings, training workshops and the development of communication
tools (i.e. video documentary), knowledge is being transferred to society. This work represents an effort to
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undertake collaborative and transdisciplinary research in order to get a better understanding of how climate
variability affects marine social-ecological systems in Peru, and what management interventions could be
undertaken to mitigate negative impacts and enhance positive ones.

Poster S6-P3

The CHALOUPE project - global change, dynamics of marine exploited communities
and viability of fisheries: the case of the Bay of Biscay, the Guyana shelf and the
Moroccan upwelling system
Fabian Blanchard1 and Olivier Thébaud2
1
2

IFREMER, BP 477, Cayenne Cedex, French Guana 97331, France. E-mail: fabian.blanchard@ifremer.fr
IFREMER, ZI Pointe du Diable BP 70, 29280 Plouzané, France.

Major changes have been observed in marine ecosystems as well as in fisheries. Ecosystems naturally
experience variability but the actual rate of change induces risks of irreversibility with strong consequences
for fisheries viability. The Chaloupe project aims to strengthen our knowledge of the changes observed
during the last decades within what we call the marine communities/fisheries systems. These systems are
considered in our analyses as two co-evolving sub-systems at the regional scale under the control of climate,
markets and governance. The diversity/stability debate suggests that changes in communities may depend
on their biodiversity patterns; moreover, the capacity of fisheries to face to the resource changes probably
vary according to many technical and economical factors. Hence three biogeographical systems with their
various fisheries were chosen to investigate ecological and economical changes and their fisheries viability:
the continental shelf of the Bay of Biscay, French Guyana and the upwelling area off Morocco. The project,
which will last for three years (2006-8), and benefits from financing by the ANR (Agence Nationale de la
Recherche, France), obtained under the framework of the ‘Biodiversity 2005’ call for appeals, and was
compiled by teams working on fisheries ecology, economy, and modelling, from several institutes including:
Ifremer (Institut Français de Recherche pour l’Exploitation de la MER, France), IRD (Institut de Recherche
pour le Développement, France), ENIB (Ecole Nationale d’Ingénieurs de Brest, France), INRH (Institut
National de Recherche Halieutique, Morocco), CEDEM (CEntre de Droit et d’Economie de la Mer, France),
ULCO (Université du Littoral Côtes d’Opale, France), CNRS (Centre National de Recherche Scientifique,
France), MNHN (Museum National d’Histoire Naturelle, France) and the WorldFish Centre (African Regional
Office, Egypt). The project is coordinated by Ifremer (F. Blanchard and O. Thébaud). The output of the
project is dependent upon the compilation and combined analysis of chronological series data related to
environmental conditions, characteristics of populations and fisheries, fisheries economics, and the evolution
of governance, as well as system modelling. It will rely on the establishment of dashboards to evaluate and
assess the state of ecosystems, anthropogenic pressures, and physical conditions, leading to an analysis of
sustainable conditions for exploited communities/fisheries systems. An important focus of the project is to
reinforce collaborations between fisheries ecologists, economists, mathematicians and computer scientists
to advance the development of an integrated approach to marine ecosystem management. First results
allowed 1) to describe the changes within the fish communities and to propose hypotheses on the effects
of climate change and fishing; 2) to identify the changes in the biomass and value structure of the landings
related to changes in the ecological communities and in the economical conditions of exploitation; 3) to
make a step further towards integrated diagnostics from the assessment of ecological states and viability of
the systems; and 4) to build up a typology of the models used in the field according their ability to represent
our systems (or sub-systems or part of them) and to begin their implementation.

Poster S6-P4

Working together: the improvement of MPA´s institutional design through an emphasis
on local knowledge
Raquel De la Cruz Modino, Karyn N. Rodrigues Henriques and José J. Pascual Fernández
Instituto Universitario de Ciencias Políticas y Sociales, Universidad de La Laguna, Campus de Guajara, Camino de la Hornera s/n,
38205, La Laguna, Tenerife. E-mail: rmodino@ull.es

Marine protected areas in Spain during the last 20 years have been implemented under different more
or less restrictive policies regarding the use of marine resources. These areas usually imply some kind
of use restrictions, such as no take zones. The measures taken are frequently designed attending to
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biological parameters, and focused also on these elements. Local populations may not only collaborate
during these processes, but are also able to make improvements, participating in the scientists’ knowledge
construction. Knowledge of the local fisherfolk can be well-integrated from the beginning in MPA proposals,
from the initial ecological approaches, up to the final implementation. We have structured our poster
around the MPAs already implemented or at the planning stage in the islands of El Hierro and Tenerife
(Canary Islands, Spain, Atlantic Ocean). In a former case, the MPA was demanded by a local fisher’s
organisation. Scientists form the University of La Laguna and local fishers worked together during the
design and MPA implementation process. In Tenerife two MPA proposals are currently being developed,
involving several coastal communities and fishers’ organisations. In this case, scientists from the University
of La Laguna and local fishers are also working together in order to develop the MPA project, from all
phases or levels. In all these cases fishers and scientists worked in unison from the design processes up
to the MPA implementation. These processes were not exempt from conflict and resistance. However,
they were developed successfully allowing the local population to be a part of the process. Our research
emphasizes that where local populations are integrated during the design and implementation processes,
the MPA socio-ecological efficiency is higher. Through this method, these new institutional arrangements
get more social support and acceptance, achieving the active stakeholders’ collaboration in surveillance,
maintenance and throughout the continuous reserve effect evaluation. We found that, from an ecological
point of view, these MPA are better adapted, addressing sustainable uses for professional fishing.

Poster S6-P5

Comparing approaches for the analysis of sustainability in the coastal zone
Mauro Fabiano, Manuela Baudana, Andrea Leone, Valentina Marin, Chiara Paoli and Paolo Vassallo
University of Genoa, Corso Europa 26, Genova 16132, Italy. E-mail: fabianom@unige.it

Sustainability is fundamentally an integration issue making compulsory the adoption of integrated and interdisciplinary approaches. Particularly, the importance, complexity and vulnerability of coastal ecosystems,
together with the multiple anthropogenic activities carried out in these areas, characterise the coastal
zones as a unique reality for what concerns the application of environmental management strategies and
sustainable development principles. In this context the sustainability of a Ligurian (NW Italy) coastal district
has been assessed by the use of two different approaches: 1) a traditional inter-disciplinary indicators
set and 2) an index based holistic procedure. The former has been proposed by the Working Group on
Indicators and Data (WG-ID) of the EU ICZM Expert Group purposely to monitor coastal zone sustainability
level and target both ecological and socio-economic issues, considering 7 goals, 27 indicators and 46
measures. The second approach, the holistic procedure called Emergy analysis, is a thermodynamic
based function which allows to evaluate from a systemic point of view the functionality and the efficiency
of the examined system/territory. Considering both natural and anthropic inputs under a single common
base (the solar energy) it allows to obtain indices of sustainability and performance of the analysed system,
from a whole perspective. The two approaches have been simultaneously developed in order to make
comparisons and characterise potential synergies. Results will be discussed also considering the potential
application of these approaches in local coastal governance policies.

Poster S6-P6

People’s seas: ethno-oceanography as an interdisciplinary means to approach
ecosystem change
Maria Gasalla and Antonio Carlos Diegues
Instituto Oceanografico, Cidade Universitaria, Praca do Oceanografico 192, Sao Paulo 05508-900, Brazil. E-mail: mgasalla@usp.br

Difficulties in developing understanding of global change issues, including knowledge of marine ecosystem
change, both regime and fish communities shifts, and over-exploitation patterns are particularly accentuated
in data-poor ecosystems. In such cases, traditional ocean science knowledge seems to be restricted to
a limited number of observational values in time-series, while patterns of change arise with high levels
of uncertainty. However, the view of the sea as a field for inter- and trans-disciplinarity recognises the
‘maritimety’ of humans that interact with the seas as an important piece of the scientific puzzle by providing
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notable observations and explanations including those from the symbolic and imaginary realms. In this paper,
we demonstrate how ‘ethno-oceanography’ as a research field can contribute to the study of ecosystem
change, while reviewing topics and examples with particular emphasis on Brazilian marine fishery systems.
It can help broaden a knowledge base crucial to raise and comprehensively test the hypothesis of change
particularly when applied to objective, focused and well defined issues. Our approach seems also to
indicate scope for collaboration between oceanographers, social scientists, fishers and knowledge users
and has been applied to cross-validate regional models and explanations of systems’ behaviour.

Poster S6-P7

Conflict identification: the case of coastal fishing in the municipality of Mazatlán,
Sinaloa, Mexico
Ramón Morán-Angulo and María Valdez-Pineda
Universidad Autónoma de Sinaloa, Paseo Claussen S/N, Colonia Los Pinos, Mazatlán, Sinaloa 82 000, Mexico. 		
E-mail: morangulo@yahoo.com.mx

In the coastal area of the municipality of Mazatlan control spaces (sites or jetties and fishing grounds) and
access to fishery resources creates conflicts between fishermen who use the same ecosystem and the
same species with different gear. Each group has some advantages over the other, whether in the struggle
for control of the areas for fishing, or the speed and the amount that is taken. In addition, access to other
activities such as tourism, mariculture and commercial shipping overlap with the fishery which can lead to
a diverse array of problems. These problems and the levels of responsibility that the actors have, can lead
to conflicts of varying magnitude that according to this study would be defined as: 1) inter-group conflicts,
which occur between groups of fishermen from the use of the spaces and the same species, 2) inter-sectoral
conflicts, which are those that could occur between groups of fishermen and mariculture companies, as
well as sport fishing and recreational spaces for the species, and 3) inter-institutional conflict, which are
those that have developed between the government agencies responsible for managing resources, the
Non-Governmental Organisations and the academic and scientific community, mainly by the use of species
of fisheries and ecological value and tourism.

Poster S6-P8

How to achieve transdisciplinary cooperation for ecosystem approach to fisheries: a
South African case study
Barbara Paterson1, M. Isaacs2, M. Hara2, Astrid Jarre1, Coleen L. Moloney1 and John G. Field1
1

2

Marine Research (MA-RE) Institute and Zoology Department, University of Cape Town, Private Bag X3, Rondebosch 7701, South
Africa.
Programme for Land and Agrarian Studies, University of the Western Cape, P/Bag X17, Bellville 7535, South Africa.

Although the need for integrative and transdisciplinary approaches to fisheries management is frequently
stated, collaborative projects aiming to bring together natural and social scientists frequently meet with
difficulties. On the other hand the value of expert (or knowledge-based) systems in fostering discussion
and enhancing communication has long been stressed. This paper proposes the process of developing
expert systems as a way to foster transdisciplinary research for an Ecosystem Approach to Fisheries (EAF).
Challenges to inter- and trans-disciplinarity in general, and fisheries management in post-apartheid South
Africa in particular are considered. Besides the more general challenges such as the lack of a common
discourse universe and differing world views, a major obstacle for collaboration between social scientists
and fisheries scientists is that transdisciplinarity begins with the design of a project. The practice of
including scientists from other disciplines after completion of the conceptual phase reduces their expertise
to a technical level and creates the impression that inputs are not equally valued. We describe a method of
fostering collaboration and achieving active participation in the context of developing an expert system for
evaluating the ecosystem performance of the South African sardine Sardinops sagax fishery. This software
tool was developed in a consultative process with fisheries scientists, social scientists, resource managers
and industry and follows the hierarchical tree approach recommended in the FAO guidelines for responsible
fisheries. A focus group approach was chosen to elicit knowledge from natural scientists, social scientists,
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industry representatives and resource managers. Through this process conceptualisations of the different
stakeholder perspectives were developed in terms of objectives and indicators. Active participation by
all focus group participants was achieved through a series of follow up meetings that continued over a
one year period. Continuous effort was made to make all participants feel that their perspectives and
contributions are equally valued. This contribution summarises the collaborative process and introduces
revised hierarchies, new indicators and related data sets for the social and economic leg in support of an
EAF in the South African sardine fishery.

Poster S6-P9

Data requirements for management of small scale fisheries in the North Pacific off
Mexico
Mauricio Ramírez-Rodríguez, Agustin Hernandez-Herrera and Francisco Arreguín-Sánchez
CICIMAR - IPN, Av. IPN s/n, Col. Playa Palo de Santa Rita, La Paz, Baja California Sur 23096, Mexico. E-mail: mramirr@ipn.mx

In Mexico, as in other countries, small scale fisheries represent a way of life for many people, but due to
human population growth and limited fishing resources there are several concerns on how to manage these
fisheries following the principles of sustainability and responsible fishing. This problem should be framed
within the fishery bio-techno-socioeconomic complex system, recognising needs of information to analyse
temporal and spatial interactions between fisheries at different levels. It is also necessary to overview
the fisheries problems in relation to integrated coastal zone management. In addition, we are asked to
reinforce our research to cope with global change. In this presentation we show a system to improve
the collection of basic catch and effort data by fishing zones, including definition of relevant species for
regional fisheries, species identification charts, and a geographical atlas of fishing localities, applied to
the North Pacific off Mexico. For the analysis a GIS is being developed which includes basic indicators
representing a wide range of environmental, social and economic variables to identify strategies, goals and
methods to regionalise and assess the state of the system and effects of management policy under global
change. In this frame we consider that coping with global change in marine-ecological systems begins
with giving scientists good data to test and improved models comprehending biological and socioeconomic
information. To illustrate the use and application of this key information we coupled long term effects of
global change with the performance of the small scale fleet based in an ecosystem trophic model to identify
short and mid-term viable strategies for the sustained management of fish resources.

Poster S6-P10

Purposes of the past: transitions in Alaska’s commercial fishing 1880-1980
Emilie Springer
University of Alaska Fairbanks, P.O. Box 750277, Fairbanks, AK 99775, USA. E-mail: emiliespringer@gmail.com

This project explores commercially significant marine fisheries in Alaska over the time period of 1880-1980
as a historical source for characterising the structure of fisheries management today. Over this century,
the commercial fishing industry encountered transitions in species prioritisation from inshore to offshore
species, improvements in navigational and harvest technologies, inconsistent social dimensions of industry
participation and variation in institutional involvement. In the later portion of the century, governmental
bureaucracy flourished and institutional organisation expanded to facilitate political events and increasingly
monitored behaviour of industry participants. As a result of this power organisation, official decision making
procedures become more confined and this is reflected in documentary language and processes. Change
and adaptation are regular features in commercial fisheries and the transitions should be visited with
interdisciplinary research methods in order to incorporate the collection of decisions that led commercial
fisheries to where they stand today and how they may change in the future. My research for this project is
based within the context of anthropology, ethnohistory research techniques and public policy analysis. The
primary goals were to determine which commercial fisheries attracted the most attention over the defined
time period, what reasons explain changes in attention and effort and finally, to consider social features
of the stakeholder groups. Additional research within this same thematic framework might also consider
technology development and basic fisheries science.
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Social-ecological systems analysis: lessons from the Venezuelan oil industry applied
to fisheries in Venezuela and Chile
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Consultor Asociado al CRIA, Nucleo Nueva Esparta Porlamar, Venezuela. E-mail: hector.trujillo@ucv.cl
Universidad de Oriente, Núcleo Nueva Esparta, Apartado 147, Porlamar, Venezuela.

The Venezuelan oil Industry carried out in 1978 and 1980 two star programmes: one for exploratory drilling
for oil and gas along the coast from Delta del Orinoco River to the north of Peninsula de Paria and the
other to develop one of the four biggest tar sands in the world known as the Orinoco Heavy Oil Belt.
Both initiatives had the potential of heavy impact on terrestrial, estuarine and marine ecosystems and the
human system as well. Industry top management was conscious about environmental impacts and effects
of such programmes and their political implications. Therefore a decision was made to incorporate the
environmental dimension into the programmes. This was done at the pre-planning stage so that multiple
aspects surrounding the different projects associated with the programmes could be taken into account.
The consequences of this decision were how to deal with the multidimensional nature of management
challenges when facing human complexities and their agendas behind each component of the total
environment. As a first step a system approach provided linkage to base-line studies to support the
Environmental Impact Assessment programme. Some difficulties were found to interact with institutions
and people in charge of baseline studies execution, due to reluctance to interact, listen to each other and
acceptance of different points of view among them. To cope with this an Environmental Strategic Planning
approach was designed and a problem-based decision making system allowed mutual understanding and
learning. The heuristic for inference, learning and discovery made it possible to determine driving forces
within the SES. This approach was applied years later to an open pit coal project, an offshore drilling
project for early production of gas and a programme for exploratory drilling and early oil production. The
potential impacts of these activities viewed within a SES context allowed human and natural systems to be
quantitatively evaluated and qualitatively assessed. The strategic approach made it possible to learn some
important lessons. It is worthwhile mentioning procedures designed to: 1) identify governance problems,
2) deal with group entropy, 3) manage very large group interactions, 4) create understanding and group
collaboration among scientists from diverse disciplines, 5) structure high performance teams, 6) induce
listening, 7) practice transdisciplinarity and finally, the great lesson 8) learn how to treat different people
differently, according to their needs, not ours, by means of a process called BELMOD based on human
behaviour, ontological coaching and neuro-linguistic programming. The purpose of this paper is to show
results obtained when those lessons from the oil industry were first applied in Venezuela on the sardine
fishery and results obtained later, when lessons were blended and adapted to study the research needs of
Chilean fisheries.

Poster S6-P12

Knowledge and research on Chilean fisheries resources: diagnosis and propositions
for a sustainable fisheries development
Eleuterio Yáñez1, E. González1, Héctor Trujillo2, L. Cubillos3, S. Hormazábal3, L. Alvarez1, A. Ordenes1,
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Pontificia Universidad Católica de Valparaíso, Casilla 1020, Valparaíso, Chile. E-mail: eyanez@ucv.cl
Consultor Asociado al CRIA, Nucleo Nueva Esparta Porlamar, Venezuela.
Universidad de Concepción, Casilla 160-C, Concepción, Chile.

The Chilean Fisheries Authority is in great and urgent need of systematising both information and knowledge
to design and implement a fisheries research programme in support of fisheries management. The Chilean
Fisheries Research Fund (FIP) decided to support a research (Project FIP 2005-25) aiming at diagnosing
the current state of the main fishery resources. Three specific objectives of this project were: 1) to develop
a knowledge matrix of the main fishery resources, 2) to conduct a comprehensive literature review upon
which to base a diagnostic of the current state of knowledge related to the main fishery resources of
Chile, and 3) propose a research programme to support future management of these resources, based on
past experiences and a prospective vision of fisheries management and related research. The approach
adopted to conduct the research project is based on two main principles. On the one hand, fisheries
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management and related research must contribute to the attainment of sustainable development of Chilean
fisheries and on the other hand, fisheries management and research must be based on a process applying
a common language and framework between the government, the private sector and the public in general,
enabling the attainment of areas of mutual interest upon which to build political-social-economic feasibility
for sustainable fisheries development. To accomplish the above, a seven step process was conducted.
First, expert judgment techniques were used to define a conceptual vision or model of fisheries system
structure and functioning under sustainable development conditions (environmental, economic, and social).
From this model a set of four clusters (oceanography, biology, technology, and socio-economy) of minimum
knowledge (CMK) or knowledge building blocks (KBB) required to understand the fisheries system were
defined. Second, a cognitive system encompassed by 61 factors (oceanographical, biological, technological,
and socio-economical factors) was identified and defined. Third, a structural matrix analysis of the factors
previously defined, based on driving-dependency analyses was performed to identify key driving forces of
knowledge in the Chilean fisheries system. Fourth, a validation of the conceptual model and the knowledge
factors defined was conducted through a discussion workshop with participation of government officials
and an extended group of national fisheries experts. Fifth, a parallel literature review was conducted
to identify the current status of knowledge and research on 31 fishery resources. Sixth, knowledge and
research gaps were identified through a comparison of results from the literature review and a conceptual
model adopted (CMK/KBB and their specific constituting factors). The diagnosis suggested that research
interests (around the 31 species considered) focused almost exclusively on fisheries biology studies, with
little emphasis on oceanography and virtually no interest in economic, social and governability factors.
Therefore, the seventh step establishes a research programme that integrates the priority elements of the
matrix of knowledge and addresses key issues of governability.
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Marine science for society - communications, outreach,
and management in an uncertain future

10 July, 09:45 (S7-O1)

Making and moving knowledge
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Dept. of Sociology, Memorial University, St. John’s, NL A1C 5S7, Canada. E-mail: bneis@mun.ca
University of Victoria, 1203 Beddis Road, Salt Spring Island, BC V8K 2C8, Canada.

How we can maximise the strength of research, refine that into knowledge, distil it into wisdom, and increase
the likelihood that our research will benefit wider society and the environment in the short and longer terms
must be the key issues in a world with scarce research resources and urgent social, scientific, environmental
and health challenges to resolve. This presentation will tackle this question by drawing on insights garnered
through the Coasts Under Stress major collaborative research initiative. The central question in Coasts
Under Stress was how industrial, institutional, and social restructuring have interacted to affect the health
of people, communities, and environments on Canada’s east and west coasts. Interdisciplinary knowledge
production and transfer were central to a project that sought to take on the challenges of trans-boundary
knowledge production and exchange with a focus not only on the boundaries between disciplines but
also on those between researchers and communities, within communities, and between research and
policy. The research arose out of and was grounded in social-ecological crises on the two coasts and the
presentation will describe ways it sought to model institutional structures, formulas, and pathways that
affect the generation and effective transmission of knowledge within social-ecological systems.

10 July, 10:00 (S7-O2)

Study on the conditions of production and use of scientific advice for fisheries
management: the case of Sub Regional Fisheries Commission area countries (West
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Ecost Project Coordinator, CEMARE, University of Portsmouth, 108 Burnaby Road, Portsmouth PO1 3AE, UK.

It is recognised that there is a gap between the research results, when expressed as scientific advice,
and their use by the decision makers in the fisheries sector. Some people wonder about the degree of
relevance of the contents of such advice regarding the actual needs of decision makers, others wonder
about the adaptation of the presentation of this advice according to the reading capacities of the users, and
other people wonder whether the decision makers have the will to take into account scientific information.
It is to examine these problems that a study on the conditions of production and use of scientific advice
was carried out in six countries of the Sub Regional Fisheries Commission (SRFC) area in West Africa.
This study describes the perceptions that a certain number of key persons have about this issue, and it
aims to lead to the identification of paths of solutions. The study was carried out in the form of a postal
survey addressed to a sample of 46 persons, leading to 59 questionnaires (since 13 persons filled out
several questionnaires because they held different roles (e.g. researcher/decision maker/expert). The
persons surveyed belong to various categories of actors in the fisheries sector namely: persons in charge
of research institutions responsible for producing scientific advice, national public managers, persons in
charge of international services, other experts and actors in the private sector. The responses to the
questionnaire were analysed in both a qualitative and a statistical way. The results drawn from this study
reveal a convergence of answers on the fact that the research institutes responsible for producing scientific
advice present some weaknesses at the institutional and human resources levels. This has negative
consequences on their functioning and the quality of their products. Concerning the users of the advice, we
notice problems in the use of the advice relating to the weakness of the human resources and also to the
lack of clear frameworks for fisheries sector policies and for the decision-making processes. The study also
highlights the absence of a mechanism allowing the promotion/valorisation of the research results towards
the professionals. It finally appears that there is a need for improvement of the transmission and legibility
of the scientific advice. These results lead to a set of recommendations intended for the various actors.
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10 July, 10:15 (S7-O3)

Future-proofing spatial management strategies in an uncertain environment
Michel Kaiser
Bangor University, Menai Bridge, Anglesey LL59 5AB, UK. E-mail: michel.kaiser@bangor.ac.uk

The use of spatial management tools to achieve sustainable use of marine resources is increasingly promoted
as the means to overcome failures of current fisheries management regimes. Governments are committed
to global initiatives such as the World Summit on Sustainable Development and perceive the use of spatial
closures as an important element in attaining key sustainability objectives. Despite this, the scientific
evidence that such approaches will yield positive outcomes is insufficiently robust for temperate systems. This
uncertainty is further exacerbated by key gaps in our knowledge relating to issues of connectivity, resilience
to a changing environment and a lack of ability to predict the response of stakeholders to management
actions. In such circumstances of uncertainty, governance systems need to be adaptive such that they can
respond in a flexible manner as our understanding of systems and processes improve.

10 July, 11:00 (S7-O4)

Ecology for management: pattern-based policy
Andrea Belgrano1 and Charles Fowler2
1
2

Swedish Board of Fisheries, Turistgatan 5, Box 4, Lysekil, SE-453 21, Sweden. E-mail: andrea.belgrano@fiskeriverket.se
National Marine Mammal Laboratory, Alaska Fisheries Science Center, National Marine Fisheries Service, Seattle, WA, USA.

The ecological sciences provide a wealth of scientific information useful for setting policy and establishing
management practices. We illustrate the use of patterns to establish a sustainable harvest (consumption)
from ecosystems, from individual species, and from groups of species. Other patterns illustrate sustainable
allocations of harvests among alternative species. Still others illustrate the advisable size for protected
areas along with their optimal locations. We will specify the best science for management (and specifically
for ecosystem-based fisheries management): the science that characterises patterns that are integrative
of complexity through the processes and factors that contribute to their origin. More precisely, this science
provides characterisation of patterns that are consonant or isomorphic with the specific management
questions being addressed. This is in contrast to the current use of scientific information. In conventional
management, the ecological information we choose for determining management policy demands, and
relies on, non-objective opinion and mistranslation of piecemeal information - often as patterns, but rarely
consonant with management questions. The human conversion of non-consonant information to consonant
information of conventional management is too contrasted with the consonance of patterns that require no
conversion in systemic management. In this way, systemic management, as pattern-based management,
is objective, consistent, and widely, if not universally, applicable.

10 July, 11:15 (S7-O5)

From provisioning to cultural ecosystem services: the case of recreational fishing in
marine social-ecological systems
Harold Levrel1, Johanna Herfaut1, Olivier Thébaud1, Patrick Berthou1, Christian Dintheer1, Bruno Drouot2,
Yvon Morizur1 and Hervé Tranger3
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2
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IFREMER, ZI Pointe du Diable BP 70, 29280 Plouzané, France.E-mail: harold.levrel@ifremer.fr
Laboratory of Fisheries Economics, Fisheries and Aquatic Sciences Center, Rennes, Brittany, France.
INSEE, Toulouse, Midi-Pyrénées, France.

Most of the time people perceive an ecosystem from the services it supplies. The Millennium Ecosystem
Assessment classifies them as provisioning, cultural, regulation and supporting services. One current
global change, at least in the developed countries, is the shift from provisioning to cultural services in
marine socio-ecological systems. While for centuries marine areas were mainly exploited for food services
(fisheries), nowadays they are increasingly used for recreational services. Consequences of this global
change are complex: firstly the services are now mainly related to the tertiary sector and not to the primary
one; secondly there is potential competition between provisioning and cultural services; thirdly the costs
and the benefits of these changes are not equitably distributed between non resident and local inhabitants;
finally conflicts between people using these services are more and more important (especially between
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recreational and commercial fishers). In this communication, we question some of these changes from the
example of recreational fishing in France, using a new national database and the Millennium Assessment
logical framework. In particular, we analyse the main pressures on the fish biodiversity coming from this
activity, the main behavioural driving forces to explain them and how the additional well-being derived from
recreational activities can be assessed.

10 July, 11:30 (S7-O6)

Communicating marine conservation to coastal communities: problems and
perspectives
Sunitha Don Bosco and Sunitha K. Swamy
Department of Media Sciences, Anna University, Sardar Patel Road, Guindy, Chennai, Tamil Nadu 6000025, India. 		
E-mail: sunithadon@yahoo.com

Communication influences the value that people place on resources because it influences knowledge,
attitudes, and beliefs about those resources. Many principles of marine conservation involve ‘behaviour
change communication’. The Indian coastline is facing increasing threats from both forces of nature and
human activities. The Indian Ocean sector being the most densely populated coastal region in the world,
where large populations depend on fishing for their livelihood and nutrition. People residing in coastal zones
are directly dependent on natural resource bases of coastal ecosystems for survival. Substantial damage has
already been done to the coastal ecosystem due to indiscriminate use of resources, hence there is an urgent
need for immediate action. Communication plays an important role in creating awareness on conservation
among the coastal communities. For the majority of the coastal communities, conservation is not an easy
concept, it involves change in the way they had used their resources previously. For, example, in southern
India’s Gulf of Mannar Biosphere Reserve, 200,000 people, a third of the population, earn their living directly
from the sea. When restrictions were placed by the government on fishing activities in the reserve, there
were strong protests by the communities, even though the concept of marine conservation is not new in
the Indian context. Throughout ancient India, the concept of environmental conservation and maintaining
a balanced ecosystem existed and was propagated via religious texts, folklore, moral stories and proverbs,
but these values were lost over the years. Today the government, private and public agencies have joined
hands to take the conservation message across to the communities. This paper describes the problems and
perspectives in communicating marine conservation to coastal populations. It analyses the conservation
messages under different programmes and sectors. Case studies on Marine Conservation Programmes
in the southern coastal districts of Tamil Nadu in India are taken for the study in which the “reserved area”
concept is increasingly applied to protected areas in the coastal zone. The concept of conservation is currently
experiencing a revival as there is a need to strike a balance between human development and conservation.
Marine resources management through community participation are also discussed in this paper.

10 July, 11:45 (S7-O7)

BRANCH - Biodiversity Requires Adaptations under a CHanging climate in northwest
Europe: planning and coastal wildlife, the example of Normandy in France
Isabelle Rauss1, Pascal Hacquebart2, Catherine Zambettakis3 and Franck Bruchon4
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Conservatoire du Littoral, 5/7 rue Pémagnie, BP 546, 14037 Caen Cedex, Calvados, France. 				
E-mail: i.rauss@conservatoire-du-littoral.fr
Groupe d’Etude des Milieux Estuariens et Littoraux, Station marine de Luc sur Mer, 14530 Luc sur Mer, France.
Conservatoire Botanique National de BREST, Antenne de Basse-Normandie, Parc Estuaire Entreprise, Route de Caen, 14310
Villers-Bocage, France.
Agence de l’Eau Seine Normandie, 21 rue de l’Homme-de-Bois, F-14600 Honfleur, France.

Climate change is now impacting biodiversity. The Interreg IIIB BRANCH project looked at how planning
can help wildlife adapt in northwest Europe. During three years (2004-2007) the partners worked together
on various case studies with multidisciplinary approaches (ecology, modelling, planning, communication,
etc). One of the coastal case studies was located in Normandy (France). It evaluated potential impacts
of climate change on coastal wildlife and aimed at identifying planning strategies in cooperation with
stakeholders. A specific technical and methodological effort was focused on elaborating a GIS as a support
for prospective work. 1) Several key marine and coastal habitats and species on sand beaches and estuaries
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have been studied (quantity, quality, localisation, evolution) so as to integrate ecosystem functionality in
scenarios showing risks on marine habitats versus climate change factors (sea level rise, temperature
arising): benthic fauna, flora, bird, arthropods and hydrosedimentary dynamics; 2) A new method has been
elaborated in order to build a common database (from data acquisition to the GIS) integrating pluridisciplinary
information, elaborate an initial status assessment and support long term monitoring and be flexible, to
progressively integrate new marine, social and economical knowledge. The results were presented and
debated at regional and national workshops, which raised seven main recommendations for adaptation
measures leading to a better consideration of climate change in coastal management and its effects on
biodiversity: 1) to anticipate in order to reduce impacts: not dealing with the subject would quickly increase
the costs; it is essential not to wait much longer before acting; 2) to improve information and awareness
of local stakeholders: the awareness on climate change is real but still very emotional; it is based on a
limited amount of information and data that need to be increased to better assess the socioeconomic
costs of climate change; 3) to build up a shared vision: BRANCH is the first phase of a process that should
facilitate the emergence, in the long term, of a unique common vision of the local stakeholders on planning
measures to be taken, procedures to be applied and means to be allocated to a global programme of
adaptation actions, as required by the challenges; 4) to reduce the uncertainties: thanks to the improvement
of knowledge and technologies, assessing and lowering uncertainties will reduce their inhibitory effect in
the decision-making process; 5) to respect the natural processes: beyond the heritage value of biodiversity
which calls for relevant conservation measures, the socioeconomic values of biodiversity claims for a global
approach preserving the associated complex natural processes as well as the ecosystemic services, which
guarantee the sustainable development of the coast; 6) to integrate climate change into public policies: the
reduction of climatic change effects needs an integration of adaptation measures in each public policy that
contributes to planning. However, a specific transversal policy on climate change is essential, for instance
in term of knowledge and methods development, from large to local scale; 7) to diversify and improve tools:
local stakeholders have strong expectations in term of tools of various nature (technical, legal, fiscal, etc.)
that allow them to set an ambitious and fair policy to reduce the climate change impacts on biodiversity.
The French case study helps stakeholders understand the impact of climate change on biodiversity and
identify ways to adapt with planning. Moreover it highlights the need of considering biodiversity as dynamic,
functional and at larger spatial and time scales, in order to help wildlife adapt to climate change and to
maintain biodiversity and ecosystem services.

84

Coping with Global Change in Marine Social-Ecological Systems

S7 posters
Poster S7-P1

Balancing science and societal needs through establishing locally relevant indicators
for sustainability in the coastal zone of the Balearic Islands (western Mediterranean)
Amy Diedrich1, Joaquín Tintoré1, Ferran Navinés2 and Guillermo Vizoso1
1
2

IMEDEA (CSIC-UIB), C. Miquel Marqués 21, Esporles, Baleares 7190, Spain. E-mail: amy.diedrich@uib.es
Economic and Social Council of the Balearic Islands, Palma de Mallorca, Baleares, Spain.

Understanding the effects of global change and the complexity of the coastal zone require a solid base in
research. In response to emerging threats to sustainability related to global change, science should play
an important role in developing new forms of coastal management that are based on viable, useful and
interpretable information. The objective of the presentation is to explore the use of indicators as tools for
monitoring and communicating science to society in a format that is useful for decision-making with a view
to achieving sustainability in the coastal zone. Reflections will be drawn from the experience gained while
developing a system of indicators for Integrated Coastal Zone Management (ICZM) for the Balearic Islands
of Spain (western Mediterranean). ICZM seeks to develop an integrated model for development that is
based on finding points of equilibrium among governance, economic needs, quality of life and preservation
of natural resources. If properly implemented, it is an effective tool for advancing towards sustainability in
the coastal zone, ensuring equitable use of coastal resources (natural, socioeconomic, and cultural) and
integration among the different administrative and societal sectors. The Balearic Indicators project was
carried out in collaboration with the Economic and Social Council of the Balearic Islands, a local advisory
body to the Government of the Balearic Islands. In December 2007, the final report was formally adopted
as a position paper to be submitted as a recommendation to the Government. Methods for this project
included a participative process of defining core objectives, selecting and adapting internationally accepted
and tested indicators to be relevant at the local level, ranking of the usefulness and importance of each
indicator using a series of quantified categories and a Delphi study, and, based on this, the development of
a system of indicators and an associated implementation plan. This project is a clear, important example of
collaboration between a scientific institution and society and of the completion of the science to policy cycle.
In particular, this presentation will explore theoretical questions related to finding the balance between the
rigorous demands of science and monitoring and the practical demands and needs of society. In addition,
the role of transfer of scientific knowledge in the governance process will be addressed. Through drawing
on the experience in the Balearic Islands and the experience of others we can begin to answer questions
such as: Why does science so often fail to result in change at the societal level? What steps can we take
to make science more useful to society? And, to what ends should we seek scientific ‘perfection’ if it means
that it can not be applied, useful or interpretable at the decision-making level?

Poster S7-P2

AMIS: a web-based information system for coastal and marine waters around Africa
Nicolas Hoepffner
European Commission-Joint Research Centre, CCR-Ispra, TP440, Ispra 21027, Italy. E-mail: nicolas.hoepffner@jrc.it

The African Marine Information System (AMIS) has been recently developed at the Joint Research Centre
of the European Commission to provide the users with an appropriate set of biophysical information, of
importance to conduct water quality assessment, resource monitoring and climate change studies in the
coastal and marine waters around Africa. AMIS is a simple and easy-to-use mapping tool application,
developed for the publication and dissemination of African marine information via the web. The system
relies mostly on earth observation data from optical and thermal sensors processed according to standard
(i.e. space agency-related) and in-house peer-reviewed algorithms which includes: 1) the provision of
continuous, detailed and accurate information on relevant marine biophysical parameters as derived from
optical, and infrared satellite sensors; 2) the generation of indicators (upwelling index, water turbidity,
primary productivity, phenology) for global diagnostic of the coastal state and analyses of changes in
marine ecosystems; and 3) the optimisation and implementation of an interdisciplinary system of marine
85

Coping with Global Change in Marine Social-Ecological Systems
resources information and analysis (GIS) in order to enable decision makers to make full and lasting use of
this information. Time series and other types of statistical analysis can be made within AMIS on selected
regions of interest: basic statistics with histogram display, spatial analysis based on a threshold visualisation
scheme, and correlation. To get a maximum quality on the output, a ‘pixel filtering’ is applied to reject outlier
pixels that can bias the computation of the statistics. Geographical sources are mainly raster data, stored
in netCDF files. Applications are written in PHP and Perl, scripted programming languages for developing
server-side applications and dynamic web content and it is based on a UMN MapServer engine, an open
source environment for building spatially-enabled internet applications. At present, the user can generate,
automatically, maps, scatter plots, histograms, and time series in a format ready for publication. AMIS
applications range from water quality management, monitoring issues that can impact the ecosystems
(e.g. harmful algal blooms, coastal pollution), to climate studies, examining interactions between marine
resources and major forcing variables.

Poster S7-P3

Climate change risk-prone marine-related livelihoods in Tumaco, Pacific coast
(Colombia)
Andrea Lampis
Universidad de Los Andes, Casa Republicana, Bogotá, DC 1, Colombia. E-mail: alampis@uniandes.edu.co

The challenges posed by the two-way relationship between climate change and urban settlements require
responses from a multi-disciplinary range of scientific fields as well as more developed inter-disciplinary
frameworks. Over the next two decades, the production of new knowledge to unwind a number of interlocking
environmental and developmental processes will be a key factor to provide added-value towards the fostering
of the adaptive capacities of urban communities and local institutions in the face of climate change. This
poster presents a proposed research project entitled ‘Climate change risk-prone marine-related livelihoods
in Tumaco, Pacific coast, Colombia’. Bridging knowledge between vulnerability and asset-based research,
local organisations and institutions would be a key component of this research project. This cross-cutting
issue is central considering that no adaptation process is viable unless both communities and institutions
participate, feedback into and have the power to assess the usefulness of research that concerns them.
This is of the utmost importance within a project where one of its final aims is to engage local research and
policy-making institutions. Colombia is a rich but at the same time fragile combination of ecosystems and
it will be fully exposed to the intensification of extreme events and to the risk of natural disasters over the
next decades, as recently stated by research carried out by the National Institute of Hydrology, Meteorology
and Environmental Research, which produced a set of modelled scenarios of climate change impact on the
broad regions the conform the country. Impacts on low-coastal areas due to sea level rise, hurricanes and
cyclones, on flood-prone lowlands and on urban settlements located on the mountains due to landslides
and floods caused by heavy rains are amongst the most notable impacts that will link climate change,
natural disasters and livelihood disruption in the near future.

Poster S7-P4

Philippine mangroves: traditional use and prospects for sustainable livelihoods
Jurgenne Primavera
Southeast Asian Fisheries Development Center, 115 Bonifacio St, Arevalo, Iloilo City 5000, Philippines. E-mail: jurgennep@yahoo.com

Philippine mangroves are among the most diverse worldwide; their provision of important goods and services
(e.g. coastal protection, nursery function, erosion and flood control) cannot be overemphasized. But they are
also the most degraded of coastal habitats, declining from at least half a million hectares in the early 1900s,
to an estimated 139,100 ha in 1988. Factors such as urban development and industry, harbour/channel
construction and mining, conversion to aquaculture, agriculture, salt ponds, replacement by monoculture
nipa plantations, and over-exploitation by coastal communities have contributed to such decline. Therefore
one key to the conservation and preservation of the few remaining mangroves, and the rehabilitation of
wide expanses of degraded areas, is the availability of sustainable livelihoods for local communities from
such habitats. These include forestry products (firewood, timber, dyes, medicines, honey) from natural or
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planted stands; fisheries harvests (fish, shrimp, crabs, clams like imbao) from waterways, mudflats and
miracle holes; mangrove-friendly aquaculture of seaweeds, shellfish and fish in cages, pens and ponds;
and ecotourism. Aside from sustainable livelihood, other factors such as local governance, grant of tenurial
rights, funding support from international, national/local government and NGO sources, and community
empowerment through continuing education and networking are critical to mangrove conservation. Case
studies from Infanta, Quezon; Bais Bay and Sagay in Negros Occidental; and Kalibo and Ibajay in Aklan,
serve to illustrate these factors.

Poster S7-P5

Methods of obtaining and characterising collagen from marine fish from the Black Sea
for pharmaceutical formulae
Rodica Sirbu1, Iuliana Psegalinschi1, Ticuta Negreanu-Pirjol1, Tania Zaharia2 and Emin Cadar3
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OVIDIUS University of Constanta, Bld. Mamaia 300, Constanta, Romania 900527, Romania. E-mail: iulianapse@yahoo.com
“Grigore Antipa” National Institute for Marine Research and Development, Constanta, Romania.
Traian College of Constanta, Constanta, Romania.

The diversity and productivity of marine ecosystems are extremely important in preserving the health of
the marine and terrestrial environment, and provide important sources of food for humans and animals,
medicines, food additives and cosmetics, etc. Referring to the characterisation of marine coastal habitats,
it is relevant that the physical-chemical and the contamination indicators have been monitored during the
past 10 years, noticing certain significant aspects, and on the continental shelf of the Black Sea they are
in accordance with the present hydrodynamic regime. Though collagen extras from fish do not form gels
with high viscosity, these are very convenient for many applications like microincapsulation or obtaining
of sensitive to light layers. From collagen gels it is possible to obtain film or porous matrix. The results
obtained enhance the possibility of opening new directions in the process of valorification of the resources
offered by the Black Sea, in the research of medicines produced from natural resources. To obtain a good
efficiency and fibrillar collagen type 1, in this work has been extracted collagen from marine fish skin (dog
fish, turbot, and eel) and was made by physical, chemical and biochemical steps. Collagen extras from fish
is are profitable to be used due to the following advantages: 1) it is extracted easily and with good efficiency
compared with collagen extracted from mammals skin, 2) it has a low risk to contain unknown pathogens,
and 3) matrix denatured collagen regenerates better skins compared to native collagen and reticulated
matrices obtained from collagen extras from fish which contains a incomplete denatured structure because
of temperature denaturation.

Poster S7-P6

Valorification of the marine algae from the Romanian marine ecosystem in the
pharmaceutical industry
Rodica Sirbu1, Tania Zaharia2, Simion Nicolaev2, Ticuta Negreanu-Pirjol1, Emin Cadar3 and Iuliana
Psegalinschi1
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Traian College of Constanta, Constanta, Romania.

The importance of the macrobenthic flora – algae and phanerogames – for the general productivity of
the marine environment, especially in shallow waters, is becoming more and more obvious from the
biological, as well as from the economical point of view. The macrophytes also represent a particular
life form. The interspecific relationships between the benthic macro- and microphytes, as well as the
relationship between these and the associated fauna ensure the existence of a wide interspecific type of
relationship. The superior valorification of the marine biomass represents a highly important resource for
the pharmaceutical industry, supplying raw material for the extraction of bioactive substances (vitamins,
sterols, and aminoacids) and various other substances, the purity of which is strongly connected to the
state of the marine ecosystem. On the background of the restructured economic activities and of the
increased exigencies with respect to the implementation of environment politics, a slight but continuous
recovery process of the marine ecosystem has been taking place during the last few years. The interspecific
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relationships between the benthic macro- and microphytes, as well as the relationship between these and
the associated fauna ensure the existence of a wide interspecific type of relationship. During the past
years, it became obvious that the ecosystem presents a marine algae excedent, which should be turned
valuable in one way or another. The phytochemical studies on the algae (inferior marine plants belonging
to the Thallophyta systemic category) presents the possibility of their usage as a raw material, due to the
high content of poli-sugars, such as: alginates (the alginic acid and its metallic salts, organic bases or their
derivates), characteristic for the brown algae, the agar-agar (co-polymer of D-galactoze with 3,6-anhydroL-galactoze, partially esterified with sulphuric acid characteristic for the red algae, various L-type monozesgalactoze, 3,6-anhydro-D-galactoze, L-fucoze, D-maluronic and L-guluronic acids, cellulose, characteristic
for the green algae. For the evaluation of the characteristic habitats for macrophyte marine algae, the
geomorphological and sedimentary characterisation of the coastal marine habitats was considered useful,
as well as a characterisation of the physical and chemical features of the marine sedimentary substratum.

Poster S7-P7

Environmental education strategy for coastal fishermen from north beach, Mazatlán,
Sinaloa, Mexico
María Valdez-Pineda and Ramón Morán-Angulo
Universidad Autónoma de Sinaloa, Paseo Claussen s/n Col. Los Pinos, Mazatlán, Sinaloa 82000, Mexico. 			
E-mail: mcvaldez88@hotmail.com

The traditional sector that has taken advantage of the coastal zone has been the fishing boat and
particularly the small fishery, nevertheless suffers from management or qualification for the solution of real
and environmental problems. The main purpose of this investigation is to cause the active and organised
participation of a group of fishermen by environmental education. The quantitative analysis of the actors
of coastal fishing in the fishing field on North Beach was applied using direct surveys of demographic
and socioeconomic aspects. The qualitative investigation was taken from an interpretative perspective,
whose objective was to promote changes in the social contexts. Ecoalfabetizacón is a theoretical proposal
conceived by Capra and with the idea of a Clarck like pedagogical tool, it contemplates the use and handling
of the natural resources, where the formative process allows to construct or to reconstruct the approach
of the interaction with the environment, it also contemplates the care of the people, the Earth and the
administration of resources. A survey of 50 encuestadas fishermen’s households shown an average age
of the head of the family being 46.3 years. 78% of the fishermen own their own house and 4% did not
complete their primary education. The social and economic condition of the ribereños fishermen make them
one of the more marginalised groups in the country, which combined with the problems of intensice fishing
and environmental degradation made this community very vulnerable. The main problems facing the North
Beach fishermen include the absence of an organisation to tackle the following threats: modification of the
Federal Law of Fishing, the potential loss of space, conflicts with other groups of fishermen and conflicts
with diverse activities such as tourism.
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S8

Governance approaches for building adaptive
capacity in marine social-ecological systems

10 July, 16:30 (S8-O1)

Poverty reduction in marine conservation initiatives in eastern Africa
Goncalo Carneiro
Cardiff University, Park Place, Cardiff CF10 3YE, UK. E-mail: CarneiroG@cardiff.ac.uk

Conservation initiatives have increasingly become more inclusive of human activities within their perimeters.
In poorer regions, protected areas are often promoted as instruments for sustainable utilisation of natural
resources and for enhancing livelihood opportunities and reducing poverty. Despite such evolution,
harmonisation of poverty reduction and marine conservation policies has received little attention from both
policy-makers and academia, and issues of coherence between these two policy areas have hardly been
addressed at any length. To address this gap in the context of establishing transboundary marine protected
areas in eastern Africa, this paper reports on a comparative assessment of the coherence between poverty
reduction and marine conservation policies in Tanzania, Mozambique and South Africa. This empirical
study considers policies both at national level and at lower administrative levels in the transboundary
regions between Tanzania and Mozambique, and between Mozambique and South Africa. It considers
issues of policy coherence not only at a domestic level, but also between the three countries in relation to
how each country incorporates poverty reduction into marine conservation initiatives. A content analysis
of representative policy instruments in the three countries will elicit the respective goals, measures and
actors. The degree of commonality between the two policy areas in relation to each of these three elements
will reveal the extent to which poverty reduction and marine conservation policies cohere. Adopting a
multidimensional definition of poverty, the authors shall consider how the instruments in both policy areas
cover the different capabilities necessary for individuals to escape poverty. A further tier in the analysis will
determine how poverty reduction and marine conservation policies recognise the range of environmental
services provided by coastal and marine ecosystems in the three countries, and how these can be utilised in
view of reducing human poverty. Identified changes in the biophysical characteristics of those ecosystems,
resulting from both natural and anthropogenic processes, will be discussed in terms of their impacts on the
provision of such environmental services. The measures dealing with those changes and impacts proposed
in the two policy areas are of particular relevance when assessing the adequacy and comprehensiveness
of those policies in view of global change. Finally, the paper discusses the potential of poverty impact
assessment to inform the policy process in view of creating conservation policies and programmes that can
best contribute to alleviating poverty. This work was co-funded by the European Union, contract INCOCT2004-510862 for project TRANSMAP; and by FCT-MCTES, individual grant SFRH/BD/38562/2007.

10 July, 16:50 (S8-O2)

Global change, integrated management and coastal community partnerships
Anthony Charles
Saint Mary’s University, 923 Robie Street, Halifax, NS B3H 3C3, Canada. E-mail: tony.charles@smu.ca

Assessing the impacts of global change processes on coastal communities has been the focus of major
research activity worldwide. Efforts to develop suitable responses to these impacts, ones that can maintain
or improve the well-being of these communities, are also underway in many locations. Meanwhile, there
is a global trend toward putting into place management mechanisms and institutions to deal with the
multiple human uses of marine or coastal areas – so-called integrated ocean and coastal management
(ICOM). While ICOM initiatives tend to be viewed as beneficial, there can be serious challenges in their
implementation, particularly in relation to their capability to meet local-level objectives of coastal communities.
What, then, is the relationship between integrated management and coastal communities? How well does
the former support the aspirations of the latter? This paper discusses these questions from a conceptual
perspective, and through analysis of several case studies in Canada’s Maritime Provinces. Within that
region, an ongoing project, the Coastal Community-University Research Alliance (www.coastalcura.ca),
is bringing together academic and community partners to explore the current and potential role of coastal
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communities within both grass-roots and government-led integrated management. The paper examines
cases both of local initiatives, some with and some without government support, and on the other hand, of
governmental projects in which communities may or may not be engaged. Based on these experiences,
the paper explores possibilities for enhancing the role of coastal communities in ICOM, and for increasing
the community benefits arising out of integrated management.

10 July, 17:10 (S8-O3)

Unaccounted values: under-reporting sardine catches as a strategy against poverty in
the Bali Strait, Indonesia
Eny A. Buchary, Tony J. Pitcher and U. Rashid Sumaila
Fisheries Centre, University of British Columbia, 2202 Main Mall, Vancouver, BC V6T 1Z4, Canada. E-mail: e.buchary@fisheries.ubc.ca

A (marine) fishery system is comprised of three major sub-systems: the natural system, the fishery
management system and the human system. All of these sub-systems are inter-related and inter-connected
in a delicate balance. To fully understand the impact of fishing on the marine environment and all stakeholders,
it is necessary to understand the dynamics of social-ecological responses, viz, understanding the patterns
of total extractions from the ecosystem and how the other two systems interact. Observations were made
in the Bali Strait, central Indonesia, to study the dynamics of artisanal sardine purse seine fisheries. The
suite of methods employed included landing site censuses, participatory fishing, semi-structured interviews
and focus group discussions (total of 92 persons), informal surveys, and literature/archival and database
surveys. The Bali Strait sardine fishery is naturally characterised by a boom and bust nature influenced by
El Niño. To estimate the total extractions from the ecosystem over time for the sardine fisheries, we used
influences in the history of the fisheries and estimated misreporting and under-reporting of catches from direct
observations and narrative accounts of respondents. Our methodology employed a Monte Carlo routine to
estimate missing catch with an associated error range. Preliminary findings reveal that, on an average fishing
day, only 7% to 28% of what is actually caught by fishers is reported into the official catch statistics. We found
that the causes of this discrepancy lie not only in the technical difficulties in timely reporting from landing sites
for these easily-spoiled fish or in limitations of human resources, infrastructure and funding, but also in a
strategy commonly used by fishers as a hedge against poverty and uncertainties. To understand how poverty
influences short-term and long-term valuation of fishery resources and drives the misreporting of catches, we
compared poverty thresholds for different fishing sectors in the area with: 1) each other, 2) regional poverty
level, and 3), the Indonesian national poverty level. In addition, we also analysed the management regime
and other relevant influences, such as fuel price, to reveal how fishers coping strategies are reflected in the
actual catches reported. We discuss feasible ways of resolving this vicious cycle.

10 July, 17:30 (S8-O4)
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Community-Based Coastal Resources Management (CBCRM) has been implemented in the Philippines
since the 1970s with increasing adoption by many coastal communities spurred by the efforts of NGOs and
people’s organisations. However, the increasing pace of liberalisation and international economic integration
poses a serious challenge for CBCRM. Multilateral institutions such as the World Bank, the International
Monetary Fund and the World Trade Organization continue to advocate the paradigm of deregulation,
privatisation and trade liberalisation. These institutions push for policies in line with the fundamental tenet
of free trade – that markets have the innate, unqualified power to foster efficiency and productivity of
the different sectors of national economies including fisheries. Individuals and institutions hewing to this
perspective are in strategic positions to influence the formulation and implementation of laws, policies and
programmes at the global, national and even local levels. On the other hand, there are those who believe
that development programmes should not be driven blindly by market forces and should be tempered by
important social considerations. It is posited that CBCRM works towards the optimal balance between
markets, communities and the environment. Towards this end, it is imperative to develop an informed
response to the tension between production for subsistence and production for the market i.e. a balance
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between food security on one hand, and income and employment security on the other. CBCRM will have
to ensure sustainable fisheries in the face of powerful market forces, manifested in greater demand for
fish and increasing production cost, and preempt the ascendancy of private interests. Over the long term,
it is necessary to shape processes of change for CBCRM programmes and institutions to enable them to
cope with these forces and safeguard against the worst excesses of the trade liberalisation. However, this
does not mean that engagement with markets, whether local or distant, will be stricken from the menu of
community options. Rather, efforts will be exerted in strengthening community capacity to decide in its own
best interest and its own terms of engagement with distant markets. In the end, the ideal is a self-determining
community in the face of globalisation. It can even be said that in the present global context, national
development need be based on the aggregate of these self-determining communities. Fisherfolk leaders,
organisations and communities would also need new tools of analysis to arrive at a deeper understanding
of their situation, whether locally (local government corruption) or globally (international trade conflicts).
There are analytical frameworks already in use – bioeconomics, social relations, class analysis and political
economy. It is important to continue to apply these to the evolving situation of coastal communities especially
in the light of evaluation findings of many CBCRM programmes that there are still substantial gaps in terms
of developing the knowledge, consciousness and awareness of fisherfolk. It is also a priority for fisherfolk
and their advocates to learn of frameworks, methods and tools such as value chain analysis that can link the
dynamics of liberalisation of the global level and its impact at the community level.

10 July, 17:45 (S8-O5)
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The Large Marine Ecosystem (LME) Governance Framework provides a structured approach to assessing
governance at the LME scale. The framework, developed from a need to effectively address the sustainable
management of the shared living marine resources (LMR) of the Caribbean is based on four propositions,
and focuses on a linked examination of two well-known components of LME-level governance: the policy
cycle process by which decisions are made and the multi-level nature of LMEs. The propositions are that
for governance to be effective, cycles must be complete, linked vertically and laterally and that vertical
linkages must be present at the decision-making stage of the cycles. By taking into account factors such
as context, purpose, jurisdictional scale, capacity and complexity, it is argued that the framework can be
used to highlight areas for targeted interventions. The next step in exploring the usefulness of the LME
Governance Framework is to apply it in a particular situation. Application is illustrated for two selected
Caribbean living marine resource governance situations: the eastern Caribbean flyingfish fishery and marine
protected areas in the wider Caribbean. These are treated as sub-frameworks and populated with relevant
stakeholder organisations and linkages among them. These subsystems are then examined with regard
to how well they conform to the four propositions. This exercise further reveals aspects of the complexity
of living marine resource governance in the Caribbean that must be accommodated within the framework,
particularly in the vertical linkages among cycles.
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This paper has two sources of inspiration. 1) Drawing on Rittel and Webber’s (1973) seminal article on
dilemmas in planning theory, we argue that fisheries resource managers are confronted with problems that
are inherently “wicked”. A problem is wicked (as opposed to “tame”) when it is difficult to define and delineate
from other and bigger problems. Another attribute is that wicked problems are not solved once and for all
but tend to re-appear. Wicked problems have no technical solution, and we do not know exactly if or when
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they are resolved. 2) Governance theory, on which we draw (Kooiman 2003), would phrase this problem
as a governability issue, recognising that there are limitations as to how rational and effective fisheries
and coastal management can possibly be, for instance because there are restrictions on our capacity to
learn, and because there are no right or wrong solutions that can be determined scientifically. Instead,
governance must rely on the collective judgement of stakeholders involved in a process that is experiential,
interactive and deliberative. We also offer a framework for assessing the governability of wicked problems
related to fisheries and coastal government.

11 July, 10:00 (S8-O7)
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Framed within the new priorities of conservationist agendas and international organisations, marine
protected areas may contribute to the global conservation of marine ecosystems. However, these initiatives
are facing the problem of creating institutions that combine the wills of both the populations linked to
fishing as well as those of other stakeholders. In this area, many problems frequently arise from the
scarce attention paid to the socio-cultural, institutional and economic variables in the processes of design,
implementation and functioning, inevitably giving rise to problems of governability. It is frequently the case
that stakeholders’ opinions take a marginal role against public institutions, and the confluence of activities
in the coastal zone creates important challenges. On comparing different cases of MPAs in Spain, the
relevance of the stakeholders participation may be completely dissimilar, and even the definition of who the
stakeholders concerned are may differ. In the case of the protected marine reserves in the Canary Islands,
like in many other protected areas of the mainland, the main stakeholders recognised by the administration
are the professional fishermen of the nearby areas. However, in other relevant cases, these stakeholders
are related to tourism activities such as scuba-diving. Many activities are developed in these same areas
(recreational fishing, marine mammals sightseeing, etc.), compromising the governability of the MPA, or
even their inception if not taken into consideration. Furthermore, we emphasise the analysis of these
institutions from a governability perspective, evaluating to some extent their capacity to cope with the most
relevant concerns. For that purpose, we need to analyse the institutional design of their governing bodies,
and to describe the context, specific for each case, in order to understand their capacity to deal with the
problems they face taking into account the governability assessment matrix. Using mainly the examples
from our field research in MPAs in different areas of Spain since 2002, we will try to answer two main
questions: 1) Do the MPAs contribute to improve governability in their area of influence in Spain? 2) What
has been their contribution to the general governability of the fisheries sector? The answers will lead to a
general reflection on the possibilities for improving the governability of these institutions in these cases,
using the processual analysis for that purpose.
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Marine ecosystems provide several categories of ecosystem services to human well-being: supporting,
provisioning, regulating and cultural services. Fisheries yield belongs to provisioning services. In order
to increase the adaptability to marine ecosystem changes, monitoring activities of marine ecosystems are
critically important. Government should play an important role in these monitoring activities, but it is virtually
impossible to monitor all the detailed ecosystems. Knowledge of fishers and data from fisheries activities
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should be fully utilised. Using a simple mathematical model of a multi-trophic social-ecological system,
we show that rent-maximising fisheries are likely to take only a small number of species from one trophic
level. It will naturally lead to the convergence of fisheries gears and vessel types on the most efficient ones.
Therefore, under the rent-maximising policy, we can gain information about very limited aspects of the
ecosystem. Our model also indicates that rent-maximising fisheries would invoke the loss of the significant
fraction of species in the ecosystem. It will inevitably lead to the degradation of total ecosystem services,
and easily set off the amount of maximised fishery rent. To avoid the loss of species diversity, governments
have to monitor the non-harvested species and regulate the rent-maximising fisheries, sometimes in a topdown manner. However, these costs would often be beyond the budget, especially in developing countries.
To sum up, the rent-maximising, economically-efficient fisheries are rational for enjoying the fishery rent,
but not always so in sustaining total ecosystem services for the society. One reasonable alternative is to
conduct responsible fisheries targeting a wide range of species with a variety of gears. For example, in the
Shiretoko World Natural Heritage area, local fishers have conducted various types of fisheries operations
based on fishing rights and licenses, and caught most of the keystone species of the local ecosystem. They
have compiled detailed catch data for over 50 years. Also, local fishers have autonomously monitored the
changes in resource status, and adaptively modified the local rules every year. This data and knowledge
is now one of the most important bases for monitoring the changes in the heritage ecosystem. Therefore,
responsible and diverse fisheries operations based on rights/licenses can significantly contribute not only to
equitable allocation of fishery rents within society, but also to the sustainability of ecosystem services. Like
the Shiretoko case, a management approach in which government and fishers share the responsibilities
and authorities for sustainable resource use is called fisheries co-management. It is more adaptive to
ecosystem changes, and the strongest counter argument against the conventional top-down approach.
However, the total effort level in fisheries co-management would be greater than the optimal level for
ecosystem service maximisation, or conflicts between fishery gears may lead to non-cooperative solutions.
In order to improve the total ecosystem service level, some supplemental measures must be installed. For
example, interests of the public citizen should be included in the local decision-making arena. Then, a
fisheries co-management will evolve into an ecosystem co-management. We present several examples of
such measures from Shiretoko World Natural heritage area.

11 July, 11:00 (S8-O9)
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The impact of climate change on the coastal zone is of serious concern to India, because of its high
productivity and extensive use for socio-economic development. The zones are thickly populated, mostly
by the poor, depending on marine resources for their livelihoods. The 7500 km long coastline is becoming
increasingly vulnerable to climate change induced natural hazards. Sea level rise has great significance to
India because of the possible displacement of millions of people from the extensive low-lying coasts. Rising
sea level is likely to submerge vast areas, and the impact may be large on all facets of life. Reports show
that the sea level has risen at a rate of 2.5mm/year since the latter half of the last century and a significant
rise is projected in coming decades. Seawater may contaminate coastal aquifers and inundate and salinise
fertile agricultural land. Coasts are affected by cyclones every year, and the intensity, frequency and path
of cyclones are likely to vary with global changes. A projected increase in the number of storms, intensity
of tropical cyclones and storm surges would significantly enhance the vulnerability of coastal populations.
Coastal erosion is also becoming an issue in certain locations. India is one of the top exporters of fishery
products and a change in the coastal circulation and upwelling may affect fisheries and thus the economy
and lives of thousands. The impact of natural hazards worsens with increasing population. Finding an
adaptation strategy and efficient measures for the protection and sustainable management of coasts are
vital in poverty eradication and in the national economic growth. Unemployment and poverty in rural sectors
promotes extremism. In this paper, a comprehensive study of the impacts of climate change in the coastal
zones of India has been made, comparing results of the model studies and analysing the available record.
A review of existing strategies, policies, coastal zone regulations, constitutional provisions, efficiency of the
government machinery in the implementation of regulations and various social issues in the coastal zones
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have been made. There are rules and regulations at the national and state levels to protect the coastal
zones and the coastal resources. Unfortunately their implementation often fails because of various political,
financial and social reasons. Government machinery is always slow and there is a lack of coordination
among the different departments involved. India needs to develop a novel coastal zone information system,
an adequate environment policy and a climate change adaptation strategy to protect its coastal zones.
There should be a strong political will to implement the regulations. Guidelines for an appropriate climate
change adaptation policy and management strategy for impact mitigation have been provided, considering
the current social, environmental, economic and political conditions.
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A network approach to understanding coastal management and governance of small
scale fisheries in the eastern Caribbean
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In the eastern Caribbean, many people depend on the good governance of fisheries and other marine
resources for their livelihoods and for development to be sustainable. The governance of small-scale
fisheries in the eastern Caribbean often lacks the interactions among stakeholders needed to sustain
fisheries management. There is an urgent need to understand networks in the governance of these fisheries
without claiming that they are necessarily good or bad. Small, low status government fisheries units often
have tenuous links to public sector policy and resource users. Other stakeholders, such as in tourism, may
be more connected to policy, marginalising small-scale fisheries even in the context of integrated coastal
management. Network analysis has been applied to both social systems and ecological systems, but much
less to social-ecological systems. We use cases of coastal and fisheries networks in the Caribbean to
investigate and seek to understand the governance of social-ecological systems in the eastern Caribbean
and their capacity to adapt.
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Adaptive co-management for resilient marine systems
Anthony Charles
Saint Mary’s University, 923 Robie Street, Halifax, NS B3H 3C3, Canada. E-mail: tony.charles@smu.ca

Adaptive co-management is an approach to environmental and resource management that unifies two
key aspects – adaptive management (the capability to learn and adapt under uncertain conditions and in
the face of changing circumstances) and co-management (the sharing of management responsibilities
among governments, resource users and resource-based communities). This presentation seeks to
provide some insights into the pursuit of adaptive co-management in fisheries by 1) focusing attention
on a set of four potential ingredients of adaptive co-management, and 2) motivating the need for these
ingredients by examining the implications of their absence, using as a specific case study the historic
collapse of the fishery for groundfish on Canada’s Atlantic coast. The paper explores the role of four
ingredients of adaptive co-management: 1) a portfolio of management measures, 2) robust management
approaches, 3) full utilisation of knowledge, and 4) appropriate institutional reform. An absence of these
ingredients had a massive impact on Atlantic Canada’s groundfishery in the 1990s, through a loss of
sustainability (e.g. through declining stocks) and resilience (e.g. as a result of “fishing down the food
chain” and a lack of self-regulatory institutions). While it is acknowledged that other factors may have
affected the fishery collapse, and indeed there is unlikely to ever be a complete ‘recipe’ for adaptive comanagement or adaptive capacity, it is important to ask why, following one of the world’s most dramatic
resource collapses, there has not been more complete adoption of these ingredients. Possible reasons
might include a lack of suitable mechanisms for effective learning over time, and the diversity of conflicting
interests and centres of power that create resistance to new policy directions. Whatever the reason, the
broad conclusion is that, at least in some cases, the changes that may be needed in order to implement
adaptive co-management may not fit well within the existing management system, which was likely
developed and structured to meet very different priorities. On the other hand, adaptive co-management
is not an all-or-nothing proposition: it may be possible for suitable approaches to be implemented to
varying degrees, and over varying time frames.
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The Ecosystem Approach to Fisheries (EAF) has been advocated widely, on the basis of its potential
to meet a variety of goals, notably ecosystem health, sustainable resource use and human well-being.
While some may view the ecosystem approach narrowly – for example as continuing conventional
fisheries management while taking into account predator-prey relationships and habitat requirements
– there is inherent in this approach a broader systems perspective. This presentation draws on recent
analysis of the human dimensions of the EAF to view this approach from the perspective of managing
social-ecological marine systems. The paper accordingly focuses on the human dimensions involved in
implementing the EAF, and their interaction with ecosystem considerations, including such matters as
1) human and biophysical factors involved in determining the boundaries, scale, and scope of an EAF,
2) the valuation of aquatic ecosystems socially, culturally and economically, 3) the relevant policy, legal,
institutional, social and economic considerations relevant to the EAF and in relation to ecosystem goals,
4) the internal incentives and institutional arrangements that affect the adoption of EAF management,
and 5) the distributional implications of EAF implementation – to whom the benefits and costs accrue,
among stakeholders, inter-temporally and across spatial scales. A social-ecological systems approach
to the EAF is developed as a unifying way of linking the many components of the fishery system within a
management framework.
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Eco-labelling is considered with increased interest within the scope of the fisheries crisis, as a way to tackle
both marine biodiversity conservation and development issues, and to strengthen the links between local
populations and the biodiversity surrounding them. In developing countries, local communities involvement
and public policy in favour of labelling schemes are unequal according to political, legal and socio-economical
contexts. Besides, labelling of products from the sea is far less developed than those of agricultural products.
The aim of this contribution is to examine the connection and consistency between the devices and norms that
shape those instruments and the local practices and fishers strategies. It seeks to determine the conditions of
using these tools in ways that ensure the co-viability of coastal (biological and social) systems. This question
is addressed through two study cases, the Mugil fishery of Mauritania and the molluscs (Arca, Crassostrea,
Cymbium, Pugilina, etc.) exploitation of the Saloum Delta, Senegal. Interdisciplinarity (anthropology, geography,
economic, sociology, ethnobiology, ecology and law studies) and the comparative approach conducted in
two different environmental, political and socio-economical contexts leads to assess the constraints and
opportunities attached to eco-labelling in fisheries. Also, eco-labelling constitutes alternative ways to draw
more value from fish and fisheries while maintaining them for the future. But, those innovative dynamics
are generally initiated and implemented by foreign operators, targeting specific categories of customers and
are unequally re-appropriated by the local communities. They still occupy a minor place in local economies.
Moreover, these devices are binding and thus exclusive. So, they could have unexpected and contradictory
effects. As an element in the constructive thinking behind win-win ecology, they push authorities to set up
incentives based on a combination of instruments to solve fisheries crises on all scales.
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the greater Thames estuary (UK)
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Fisheries environmentalists are eagerly awaiting promises of Marine Spatial Planning (MSP), hoping to
see the use of Marine Protected Areas generalised to protect habitat and biodiversity features and reduce
fishing effort. Central government is also promoting MSP as a tool to organise the various and increasing
demands for seabed space of ports, offshore wind farms, aggregate extraction, transport, leisure and
marine conservation. In the middle of all this ground staking, essential habitats for key commercial species,
inshore fishermen livelihood strategies and climate change appear to have been forgotten. This paper will
discuss how local fishermen use seabed space and the water above, how their productivity is linked to other
uses of the seabed in the estuary and what impact climate change is already having on their livelihoods.
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Economic and social impacts of fisheries regulations on fishers: the north/south
divide
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European fisheries legislation is complex and considered to be over-regulated. This has a number of
consequences that restrict our ability to respond rapidly to changing conditions on fishing grounds and has
the potential to reduce the economic profitability of the catching sector. The aim of the present study was
to understand the extent to which fisheries regulations impact upon different sectors (inshore/offshore),
métiers and geographic regions. After analysis of the European Community’s fisheries legislation in force
as of the 1st of January 2008 a database was created by extracting information such as countries/areas
affected, purpose of legislation, inshore/offshore, species concerned, gear restrictions etc. Using this
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information GIS maps were produced of the spatial representation of the Common Fisheries Policy (CFP)
legislation in community waters for both inshore and offshore fisheries. A comparison can thus take place
of the number of regulation enforced in the northern and southern Europe. The second step of the project
will be to analyse the national fishing policies of Spain, Greece, Denmark and the United Kingdom as case
studies, for a further comparison of the amount/type of regulations in each area. Finally, questionnaires and
interviews from a hierarchy of stakeholders (fishermen, fishermen union representatives, politicians) will
complete the collection of the information needed, consequently understanding how legislation may impact
on fishers’ livelihoods in different areas of the EU.
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Xiamen, one of the Chinese special economic zones, is a beautiful seaport city, which is located in the
southeast of China, enjoying pleasant weather and magnificent scenery. Yundang Lagoon lies in the western
part of Xiamen Island and used to be a natural bay called Yundang Harbour. Due to a great number of land
reclamation projects in the 1970s, Yundang Harbour gradually became a dead lagoon unable to exchange
water with the sea, and the lagoon area was reduced from the original 10 km2 to only 1.5 km2, with the
drainage area of 37 km2, making up 30% of Xiamen Island. Consequently, Yundang Lagoon became severely
polluted and turned into a dead lagoon without fish or birds. The integrated treatment of Yundang Lagoon,
steered by the municipal government of Xiamen City, has been carried out since 1988. In the past 20 years,
through a series of restoration and management processes, including building a wastewater intercepting
system, exchanging ocean and lagoon water to improve lagoon water quality, removing the sludge and
building a bank and environment beautification, pollution has been brought under control, the environmental
quality has gradually improved, and fish (35 species) and birds (especially egrets, seagulls and cormorants)
have returned to the Yundang Lagoon. Improvements of the environmental quality in the vicinity of Yundang
Lagoon lay down a sound foundation for city development and amelioration of people’s living conditions.
As a result, great benefits and profound effects have been achieved socially, economically and ecologically.
Comparing with a total of 0.5 billion yuan RMB investment in the whole treatment programme, the direct output
is more than 10 billion yuan RMB, coming from the real estate, entertainment and recreation industries. Due
to its remarkable success, the treatment project was regarded as the Demonstration Project of PEMSEA
(GEF/UNDP/IMO Regional Program on Building Partnerships in Environmental Management for the Seas of
East Asia) and introduced worldwide. All the achievements, in the final analysis, have been accomplished
in accordance with the principles of ecosystem approach, i.e. complying with societal choice, engagement
of stakeholders, considering the effects of activities on adjacent ecosystems, internalising costs and benefits
in the given social-ecological system, involving all relevant sectors of society and scientific disciplines and
legislation for management activities. At this stage, a new programme of ecological restoration on Yundang
Lagoon is proposed and is under technical preparation. However, on account of the uncertainty of climate
change and ecosystem evolution, the adoption of adaptive strategies is still a big challenge in the ongoing
management of the Yundang Lagoon social-ecological system.
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Exploring social networks in marine resource governance: the case of the Grenadine
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The Grenadine Islands of Grenada and St. Vincent and the Grenadines lie transboundary on the Grenada
Bank in the southeastern Caribbean. There are nine inhabited islands extending over 60 km of bank with a
total population of about 18,000. The Grenadines comprise a tropical marine social ecological system (SES)
with coral reefs, mangroves and seagrasses as the prominent ecosystems. Livelihoods there depend highly
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on marine resources. There is fishing for lobster, conch, coastal pelagic reef fish and migratory pelagics.
Tourism is based on beach use, swimming, snorkelling and diving, day cruises and yachting. Most people
and goods move by sea. Fisheries are overexploited and there is clear evidence of degradation of coastal
and marine habitats. The Sustainable Grenadines Project addresses marine resources and biodiversity
conservation. Intervention was based on the view that change towards equitable governance requires that
civil society, government and the private sector all play their respective roles effectively. Noting that the
civil society component of the SES comprised many small local NGOs of low capacity, the project set out
to strengthen its capacity to play its role in marine resource governance. Governance and change models
suggest that strengthening NGOs and in particular improving linkages among and between them and other
governmental and private stakeholders would be important. Social network analysis was used to initially
explore and map relationships between stakeholder organisations. This was done with the aim of revealing
the nature and distribution of linkages among organisations. The analysis revealed a low number of linkages
relative to the possible number and that most were unidirectional. Several organisations were not linked to
any others. Transboundary linkages were also weak. Low centrality suggests that few organisations play
key roles that can either strengthen flows or control them depending on the nature of the linkages. The
overall picture is one of a large number of small civil society entities that are largely disconnected, thereby
posing challenges to governance.
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New South Wales is Australia’s most populous state, it is home to Sydney, Australia’s largest city and has a
coastline of some 2,500 km. The population trends are showing a major movement of the population towards
living on the coast, with impacts on rural coastal communities and the capacity of rural councils to meet
demands for additional infrastructure, while meeting environmental objectives. The current governance
arrangements between local and state governments are an impediment to both the identification and
response to changes. In recent years the role of marine based tourism in the coastal and marine economy
has been recognised, but is still to be fully embraced in planning and policy processes. The coast has been
the subject of several Federal government reviews, but at the end of the day there is no specific agency
at any level of government funding a coastal approach to coastal change issues. The marine economy
information is required in planning processes, but is not currently funded. Planning remains dominated
by land management thinking. The estuarine, and inshore fisheries of NSW have been over-exploited in
past decades and have started to use environmentally assessed fishery management plans to move to
sustainably managed catches within the social context of coastal fisher communities. The recreational
fishers have been able to have a licence fee scheme introduced and have used these funds to buy out
commercial fishing in many estuaries creating ‘recreational fishing havens’ not accessible to commercial
fishers. The management frameworks developing have the potential to adapt to climate change impacts,
the pathway there involves a significant shift in industry demographics. The NSW state government has
moved to create more marine protected areas and NSW now has six marine parks, the latest of which been
created in controversial circumstances. The siting of these within the influence of an aggressive global
current may not have sufficiently considered climate change. The East Australia Current (EAC) flows south
to the Tasman sea keeping inshore on the coast of northern NSW and breaking up into large warm core
eddy formations as it moves south along the NSW coast. Recent oceanographic climate research indicates
the current has moved 350 km poleward in the past 55 years. Australia’s climate is being greatly impacted
by La Niña years and an increase in the frequency and intensity of El Niño weather patterns driven by the
Pacific Ocean. The inshore and offshore fisheries of NSW will continue to be impacted over the next 50
years by the change in the EAC and possibly at a faster rate. Fishery and marine biology information on
these environments and impacts of changes is limited. Climate changes driven by the EAC will impact
tourism, fishing and coastal towns. It is important to have a policy response in place to address future
issues. Given there is time, the socio-economic community can start to link with oceanographers, and
scientists to make sure baseline data is collected that will assist us in examining social-ecological changes
in the future. A mutli-disciplinary approach is required.
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User groups, civil society and governance: the case of Caleta de Sebo
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To achieve a sustainable long term use of the marine resources in highly interconnected and interactive coastal
areas requires a holistic approach. One of the main human interactions with the fragile marine environment
is fisheries, subjected to increasing pressures and, at the same time, increasing also their strain on the
environment in many areas. In this situation, one of the ways to face global change factors, like resource
overexploitation and habitat degradation, is the creation of different types of protected areas. However, new
playing rules, influence the governability of the local scenarios. The participation of key players of this game
(user groups, civil society) in this process of institutional innovation is crucial. For this purpose, preparing
and strengthening these players may be crucial, in order to enhance their adaptive capacity to better cope
with societal problems and opportunities. In this analysis we chose one of Europe`s largest Marine Reserve
situated around La Graciosa Island, a very small island in the Canary Islands, Spain. Our team developed long
term field research including qualitative and quantitative methods to analyse many of the activities developed
in the coastal area. Located to the north of an important mass tourism destination, Lanzarote, La Graciosa
(27 km², 600 inhabitants) was declared Natural Park in 1986, creating the first marine-terrestrial park in the
Canary Islands. After this in 1995 the Marine Reserve of Isla Graciosa e Islotes del Norte de Lanzarote was
created to better protect the rich marine ecosystems. These steps were heavily influenced by the aim to block
tourism and urbanisation. The traditional livelihood of local populations concentrated in the Caleta de Sebo
village was fisheries, but nowadays tourism and related to this, construction are important sources of income
as well. Despite the protected areas limitations, and the even more strict regulations related to construction,
the number of tourist apartments in this village has increased in the last years (49 tourist apartments in 1993,
184 in 2003 and more than 200 in 2007) and the number of year-round visitors may probably reach 100,000,
creating many opportunities beyond fisheries. The coordination between the two protected areas has been
scarce, and one of the main problems for local people has been precisely that: the complexities generated
by the diverse administrations, poses extremely relevant problems for the governability. Another important
problem is the lack of a global development planning that would integrate the recently increased tourism (that
affects both the Natural Park and the Marine Reserve), fisheries and other issues related to the coastal zone.
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Implementing marine ecosystem management: framework and practice
Xue-Fen Yao1, Luoping Zhang1, Weiqi Chen1 and Stephen Zavestoski2
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Environmental Science Research Center, Xiamen University, Xiamen, Fujian 361005, P.R. China. E-mail: lpzhang@xmu.edu.cn
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Ecosystem-Based Management (EBM) was proposed as a new concept and an effective tool for marine
and coastal management. EBM, however, is still a concept until now. How to set up an EBM framework and
implement EBM in marine and coastal areas needs to be resolved for the practice of EBM. In this article,
the framework and methodologies of Marine Ecosystem Management (MEM) were proposed according
to the framework and experience on terrestrial ecosystem management and the characteristics of marine
ecosystems using multidisciplinary approaches to promote marine and coastal management towards
sustainability. The framework includes four parts, preliminary, technical support system, management
proposal, and public participation. The methodologies include: data collection, the preliminary assessment
of study area, the determination of marine ecosystem boundary and management objectives in the
preliminary stage; the current, retrospective and impact assessment of marine ecosystem health, ecological
security and cumulative effects of human activities in technical support system including the areas of marine
hydrological dynamics, environmental quality, marine ecosystem, coastal socio-economic development
and the evaluation of marine resources and ecosystem service function; management proposal based on
the resource-oriented principle including political and management proposals, marine monitoring planning,
management information system, administration and policy evaluation, and; public participation throughout
the whole MEM processes. The case study in Strategic Environmental Assessment of Reclamation Planning
of Xiamen Bay, China, was used for practice and implementing MEM.
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