


Cover design:
Created by Emanuela D’Antoni, FAO, based on a photograph courtesy of Roberto Petrucci.

�

�



Geographic Information 
Systems to support 
the ecosystem approach 
to fisheries
Status, opportunities and challenges

by
Fabio Carocci
Fishery Information Assistant
Fisheries and Aquaculture Management Division
FAO Fisheries and Aquaculture Department

Gabriella Bianchi
Senior Fishery Resources Officer
Fisheries and Aquaculture Management Division
FAO Fisheries and Aquaculture Department

Paul Eastwood
FAO Consultant

Geoff Meaden
FAO Consultant

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS
Rome, 2009

FAO
FISHERIES AND
AQUACULTURE

TECHNICAL
PAPER

532



The designations employed and the presentation of material in this information 
product do not imply the expression of any opinion whatsoever on the part 
of the Food and Agriculture Organization of the United Nations (FAO) concerning the 
legal or development status of any country, territory, city or area or of its authorities, 
or concerning the delimitation of its frontiers or boundaries. The mention of specific 
companies or products of manufacturers, whether or not these have been patented, does 
not imply that these have been endorsed or recommended by FAO in preference to 
others of a similar nature that are not mentioned.

The views expressed in this information product are those of the author and 
do not necessarily reflect the views of FAO. 

ISBN 978-92-5-106433-7

All rights reserved. Reproduction and dissemination of material in this information 
product for educational or other non-commercial purposes are authorized without 
any prior written permission from the copyright holders provided the source is fully
acknowledged. Reproduction of material in this information product for resale or other 
commercial purposes is prohibited without written permission of the copyright holders. 
Applications for such permission should be addressed to: 
Chief 
Electronic Publishing Policy and Support Branch
Communication Division 
FAO 
Viale delle Terme di Caracalla, 00153 Rome, Italy 
or by e-mail to: 
copyright@fao.org

© FAO 2009



iii

Preparation of this document

This technical paper has been prepared by the FAO Fisheries and Aquaculture 
Department and it is intended to provide background information and technical 
guidelines to promote the use of Geographic Information Systems (GIS) in marine 
fisheries in support of the implementation of the ecosystem approach to fisheries 
(EAF). It is based on information collected over a period of one year through a desktop 
study and from numerous contacts with fishery scientists and researchers. Reports 
of two workshops held in FAO late in 2008, “Development of GIS activities in the 
Nansen project” and “The use of spatial planning tools to support the implementation 
of the ecosystem approach to aquaculture” (Aguilar-Manjarrez et al., and Kapetsky 
et al., both reports in preparation) made an additional contribution with regard to 
definitions, principles and prospects on the use of GIS to support EAF.

Funding for the preparation of this technical paper was generously provided by 
the Government of Norway through the project “Strengthening the Knowledge Base 
for and Implementing an Ecosystem Approach to Marine Fisheries in Developing 
Countries” (GCP/INT/003/NOR).
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Abstract

The ecosystem approach to fisheries (EAF) has been developed during the last decade in 
response to perceived and actual deficiencies in previous methods of management. The 
EAF recognizes that fish are only one albeit important part of a much wider ecosystem 
incorporating an array of physical and biological components that humans interact 
with and exploit. Rather than managing single fish stocks, an EAF is concerned with 
the impacts of fisheries on the marine ecosystem, the interactions between different 
fisheries, of fisheries with the aquaculture sector, as well as with other human activities. 
The Geographic Information System (GIS) is considered an ideal platform upon which 
to perform necessary information management and decision-support analysis for the 
implementation of an EAF.

This technical paper is primarily intended to be a guide to methods that readers 
could adopt for their own use of GIS for an EAF and these methods are covered in 
some detail. The planning considerations for an appropriate GIS in terms of objectives, 
scope and geographical area are outlined. The practical considerations are discussed 
and include hardware architecture, various software possibilities, sources and types of 
data that will be needed, and the array of backup and support that is available. 

More specifically, in Section 1 of this paper, the conceptual basis underlying EAF 
is discussed. In Section 2, a four-step participatory ecosystem management planning 
and implementation process consistent with EAF is recommended by the Food and 
Agriculture Organization of the United Nations (FAO) and includes: (i) scoping for 
issues, (ii) setting objectives, (iii) formulating rules and (iv) establishing a monitoring, 
assessment and review system. In Section 3, the use of GIS is examined beginning with 
a brief look at its history and development and then reviewing its current application 
and uses within marine fisheries. In Section 4, the potential use of GIS in a wide range 
of EAF-related projects is illustrated using examples that focus on mapping, modelling, 
management and communication. The degree to which GIS is currently being used for 
EAF implementation is illustrated by four case studies detailed in Section 5. Section 6 
proposes a plan for implementation of an EAF using GIS and considers the challenges 
faced by developing countries in using GIS in fisheries management. Strategies 
to enhance the role of GIS in EAF are suggested. In conclusion, Section 7 makes 
recommendations for the adoption of GIS for EAF.

The adoption of GIS for an EAF is no easy task and a number of challenges must 
be faced but GIS for EAF is feasible even in relatively resource-poor situations. The 
authors hope this paper encourages fishery managers and researchers to explore the 
many benefits of GIS for managing fisheries in an ecosystem context.

Carocci, F.; Bianchi, G.; Eastwood, P.; Meaden, G.
Geographic information systems to support the ecosystem approach to 
fisheries: status, opportunities and challenges.
FAO Fisheries and Aquaculture Technical Paper. No. 532. Rome, FAO. 2009. 101p.
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Executive summary

INTRoDuCTIoN
Declines in fish stocks and degradation of the ecosystems where fishery resources occur 
have motivated the development of new approaches to fisheries management. The 
ecosystem approach to fisheries (EAF) results from the experience acquired in fishery 
management over the last decade and from the increased understanding of processes 
and dynamics of aquatic ecosystems and of the impacts of fisheries and other drivers 
on these ecosystems. EAF is now recognized as the reference framework for fishery 
management and as a holistic and integrated approach that takes into account the 
ecological, social, economic and governance aspects of fishery management. Successful 
application of the EAF requires careful planning and implementation. A good 
understanding of the spatial dimensions of the fishery system, for example knowledge 
of habitat and species distributions, spatial features of key physical and biological 
processes, distribution of human activities and degree of interaction among them, is 
fundamental to EAF planning and implementation. One means of operationalizing 
spatially related management factors that has shown considerable success in terrestrial 
applications is the Geographic Information System (GIS). This technical paper explains 
why this spatial mapping and analysis tool is important, indicates the audience for 
whom this paper in intended and identifies the aims and objectives that need to be 
addressed.

It is important to have a firm understanding of the concepts underlying EAF before 
examining GIS per se. A brief look at the history of EAF reveals the pivotal role that 
the Food and Agriculture Organization of the United Nations (FAO) has played in 
its emergence and shows how the concepts underpinning EAF have been formed from 
various FAO (and United Nations) earlier international instruments and initiatives. 
Compared with the conventional fishery management approach, EAF effectively 
entails an extension of many current practices but over a much wider ecosystem sphere 
and gives core consideration to sustainability, to stakeholder participation and to better 
prioritization in terms of risks and threats to the wider ecosystem. FAO recommends 
that the planning stage of an EAF includes four steps: (i) scoping to identify the broad 
issues to be addressed, (ii) setting objectives in terms of goals, indicators and overall 
performance, (iii) formulating actions and rules to ensure that EAF goals can best be 
achieved, and (iv) setting up a monitoring, assessment and review process to evaluate 
the effectiveness of what is being done and to serve as a feedback mechanism. The focus 
of the discussion in the main part of the paper is on GIS and the framework for EAF 
adoption.

GIS APPLICATIoNS IN FISHERIES
For readers having a limited familiarity with GIS as it is used in the marine fisheries 
sphere, a brief overview of the broad functionality of GIS is provided. The development 
of GIS both in terms of fishery applications and its reliance on parallel technologies is 
noted. Fishery applications of GIS generally lag behind terrestrial applications because 
GIS technology is used less intensely in the marine sphere and because the 3D and 4D 
environment is not inclined to easy data collection or spatial analysis. Nevertheless, 
GIS now provides a broad spectrum of mapping and analytical functions, and these 
are exemplified in GIS applications for a range of fishery needs, e.g. habitat mapping, 
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analysis of species distribution and abundance, fisheries oceanography, monitoring of 
fishers’ activities and fisheries management. Case studies provide a brief insight into a 
varied cross-section of actual fisheries GIS work.

GIS IN SuPPoRT oF AN ECoSYSTEM APPRoACH To FISHERIES
Because GIS is being used extensively in fisheries management and research, it has the 
potential to be readily adopted for EAF work. Indeed, it has been shown that GIS is, 
in many cases, an ideal platform for data storage, management and analysis to support 
decision-makers as they progress to implementation of an EAF. GIS for EAF is already 
being used in mapping, modelling, management and communications. With regard to 
each of these activities, a wide range of studies is exemplified and discussed for the 
purpose of providing the reader with the breadth and potential of GIS to support the 
many management and research needs of EAF.

In addition to providing examples that illustrate how aspects of EAF are addressed 
through the use of GIS, the authors present in detail three case studies that show 
how GIS might be applied in helping with EAF-based projects. The first case study 
concerns the main fisheries operating in the Benguela Current Large Marine Ecosystem 
off Southwest Africa. The focus of the study was to identify issues that concern the 
various stakeholders in the fisheries. The authors estimate that GIS can play a part in 
resolving about 45 percent of the more than 150 issues identified. Most of these “GIS-
aided” issues relate to those aspects of EAF concerned with direct fishery matters 
rather than broader socio-economic matters. The second case study was based on the 
broader marine resource use of the seas to the southeast of Nova Scotia in eastern 
Canada. The aim of the Eastern Scotian Shelf Integrated Management (ESSIM) plan 
was to identify objectives that an EAF should seek to address in terms of optimizing 
the management of this potentially resource rich area. Again, the authors found that 
GIS can play a significant part in addressing these objectives. A final case study looked 
at another resource-stretched area, that of the eastern English Channel. The Channel 
Habitat Atlas for Resource Management (CHARM) project did not have deliberate 
EAF intentions in mind, though unlike the two other case studies, it was strong on 
the use of GIS. As several CHARM projects progressed, it became clear that the only 
way in which fishing in the English Channel ecosystem could become sustainable was 
through a deliberate attempt to draw in a much broader range of considerations and 
stakeholders.

IMPLEMENTING GIS FoR AN ECoSYSTEM APPRoACH To FISHERIES
Perhaps the core concern for readers of this paper is “How do I implement a GIS for 
an EAF?” Before this issue can be addressed, it is important to delimit a number of 
assumptions that are made about the levels of familiarity with GIS and EAF. In the 
context of this paper, the authors assume that readers have some background in GIS per 
se and, therefore, will not be starting to set up a GIS for EAF from scratch.  Initially, 
in terms of the FAO framework for adoption of an EAF, the reasons for using GIS 
in the sense of identifying what the system can potentially do to enhance EAF and 
what the system’s operational objectives might be are described. It is then possible to 
consult with main stakeholders and project workers to determine the desirable GIS 
outputs relative to the needs of a particular ecosystem’s area. This is likely to include 
coverage of a broad range of fishery topics about which spatially related considerations 
are important.

Before adopting a GIS for an EAF, it is important to acquire familiarity with the 
practical aspects of GIS implementation and functioning, especially in capacity-building 
matters related to EAF work. It is likely that GIS work to address EAF objectives 
could initially be conducted using existing hardware configurations, though as work 
broadens to integrate a wider range of ecosystem considerations, the GIS architecture 
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may need to be reviewed. Likewise, initially, existing software could be adequate but 
the GIS user may wish to experiment with the increasing array of often specialized or 
perhaps open-source software to perform specific operations or analyses. Data needs 
for EAF work are likely to rise exponentially. Much of the data will be specific to a 
particular project and are likely to be gathered by a project team or contractor but the 
general availability of marine-based, fisheries or wider ecosystem data is increasing at 
an accelerating rate and guidance is given on possible sources for such data. Additional 
support for GIS work in an EAF context is provided in the literature, on web sites and 
in the form of tools for modelling and portals for information. 
To shift from working with a GIS for the traditional management of fisheries towards 
working with a GIS to cover the broader horizons associated with an EAF is not 
easy and presents many challenges. This paper describes these challenges in detail and 
offers advice on ways to overcome them, though for some challenges easy solutions 
are not available. For the success of an EAF, it is necessary to assemble an expert and 
dedicated GIS team, one that is prepared to share its efforts and create synergies with 
other groups working in fisheries. On the broader front, it is vital that all the EAF/GIS 
work presently being done in what are often fairly isolated and fragmented quarters 
be gathered together. If this can be achieved, much “reinventing of the wheel” will be 
eliminated to the advantage of everyone. Finally, this paper makes recommendations, 
which if vigorously followed, will better the chances that the fisheries ecosystem 
reverses its present direction towards demise.
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1. Introduction

During the last decade, the concept of an ecosystem approach to fisheries (also referred 
to as ecosystem-based fisheries management) has increasingly been adopted in policy 
statements by fisheries management and environmental agencies, both governmental 
and non-governmental at the national and international levels. The application of an 
ecosystem approach to fisheries (EAF) represents the operationalization of sustainable 
development in fisheries, to be achieved through democratic and transparent practices 
that take account of diverse societal interests and use mechanisms that allow 
participation of stakeholders in the planning and decision-making processes. The 
ecosystem approach broadens the scope of fisheries management to also include the 
wider impacts of fishing on the marine ecosystem and to more explicitly consider 
environmental impacts on the marine ecosystem and its resources. The FAO Technical 
Guidelines for Responsible Fisheries on the ecosystem approach to fisheries (FAO, 2003) 
emphasizes the broad approach of EAF as one that “strives to balance diverse societal 
objectives, by taking account of the knowledge and uncertainties of biotic, abiotic and 
human components of ecosystems and their interactions and applying an integrated 
approach to fisheries within ecologically meaningful boundaries”. This definition 
clearly addresses both human and ecological well-being and merges two paradigms: 
protecting and conserving ecosystem structure and functioning, and managing fisheries 
with a focus on providing food, income and livelihoods for humans. 

The FAO EAF guidelines together with other FAO guidelines (FAO, 2005 and 
2008a) introduce methodologies for the practical application of an EAF and show how 
high-level policy goals can be translated into practical fisheries management actions. 
However, further knowledge and additional tools are needed at various steps of the 
fisheries management and planning processes in order to facilitate and promote its 
application. In particular, EAF meets the challenge of having to consider the multiple 
impacts of fisheries on the marine ecosystem, the interactions among different fisheries, 
and of fisheries on the aquaculture sector as well as on other human activities taking 
place at relevant time and space scales. In order to address these interactions, both 
science and management need to explicitly consider their spatial dimension. In this 
context, Geographic Information Systems (GIS) can prove to be one of the key tools 
in facilitating the application of the ecosystem approach as regards not only fisheries 
management but also development of new knowledge and understanding of the 
interactions between human activities and the ecosystem. “Ultimately, implementation 
of ecosystem-based management is an incremental and adaptive process” (Busch et al., 
2003: page 4). Although this statement applies to the implementation of EAF, this 
technical paper will show that the statement applies even more to the use of GIS for 
the implementation of EAF.

1.1 THE TARGET AuDIENCE FoR THE APPLICATIoN oF A SPATIAL DIMENSIoN 
IN EAF
Given that marine commercial and/or recreational fisheries are the most widely 
dispersed activity on the earth and given that they provide the principal economic 
livelihood for hundreds of millions of people, but above all, that the activity is in dire 
circumstances with respect to its sustainability, then the target groups for information 
on means by which fisheries circumstances can be improved will be widespread and 
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varied. This is especially true because, for the most part, existing methods of managing 
the fishery activity have been unsuccessful and because the activity is carried out 
over large marine areas where there may be few enforceable rules or indeed means of 
enforcement. In addition, fishing takes place in a milieu where competition is often 
intense for the resource space and its economic rewards – partly because people now 
realize that fish provide a high quality protein diet.

This situation means that a very diverse group of agencies, institutions, organizations 
and other interested groups may need to know about managing fisheries within 
ecosystems. Box 1.1 provides categories of potential target groups. These groups will 
vary in their propensity to utilize GIS. For instance, groups that directly represent 
fishers are unlikely to be interested in having a GIS operational capacity but they are 
likely to be interested in a variety of GIS outputs. Indeed, decision-makers within 
all targeted groups will have an interest in outputs and it is likely that management 
organizations, conservation groups, non-governmental organizations (NGOs) and 
researchers will have an interest in operationalizing their own GIS for EAF purposes.

BOX 1.1

The main target groups potentially interested in GIS for EAF

Fisheries departments within government (at various levels). Most countries have governmental, 
legal oversight and responsibility over fishery activity and its sustainability.

Fishery research establishments. Though often under responsibility of and funded by 
governments, they usually have individual authority to pursue requisite research activities, 
many of which are now concentrated on EAF activities.

Fishery producer cooperatives. Fishery cooperatives are established to promote socio-
economic advantages for their members. If they see how marine spatial planning can be to 
their advantage, they are likely to recommend its pursuance.

Other groups of fishers. These groups of fishers may be very diverse and perceive that their 
long-term interests will be served through adoption of a new and more comprehensive 
approach to fisheries management.

University departments – fishery science, ecosystem science and environmental science. With 
greater access to higher education worldwide and greater diversification of courses, there is 
increased interest in courses related to the environment and to sustainability.

Fishery managers. Fisheries are managed in diverse circumstances, e.g. from local control 
to wide-ranging control such as that exercised through the European Union’s Common 
Fisheries Policy. It is likely that managers will increasingly move towards adopting EAF 
concepts.

International and national marine/fishery organizations. Each of these widely diverse 
organizations has an interest in promoting the continuing good health of marine and fishery 
environments.

Conservation groups. These groups might vary from regional to international in scale and 
have a remit (where relevant) to promote sustainability of fish and/or aquatic environments. 
EAF is increasingly being featured within their area of interest.
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1.2 WHY LoCATIoN MATTERS IN EAF
Conventional fisheries management considers the spatial component of fisheries 
operations either explicitly, through time and area closures, or implicitly, through 
allocation of quota to regions or to fleet sectors with different distributions. Under an 
EAF management regime, consideration of the spatial component becomes increasingly 
critical as a broader set of ecosystem interactions needs to be taken into account. The 
requirement to also take into account the often conflicting and competing interests of 
a growing array of sectors and interests, ranging from resource users to conservation 
managers, also makes consideration of spatial aspects imperative. 

The essential nature of spatial considerations in fisheries management was recognized 
as early as 1986 by Caddy and Garcia (1986) and in the FAO guidelines for integrated 
management of coastal zones (Clark, 1992). Recently, spatial considerations have 
become even more manifest in the decisions of many coastal countries to adopt Marine 
Spatial Planning as a means of creating organization with respect to the management 
of their marine resources and space (MSPP Consortium, 2006; Douvere, 2008). In this 
respect, the GIS has an increasingly important role to play in EAF implementation. 
Used by many as a research tool, the GIS is becoming increasingly embedded in fishery 
and wider ecosystem management processes, not least because of its ability to generate 
visual representations of complex ecosystem processes and in so doing facilitate 
communication with and among stakeholders.

Additional considerations now emerging in international communities regarding 
adaptation mechanisms in response to climate-induced changes affecting marine 
ecosystems and resources put a greater emphasis on the need to develop a spatial 
management and planning framework for which GIS is deemed to be an important 
supporting tool. Other emerging issues, such as demersal fisheries in the high seas (FAO, 
2008b), call for more attention to the spatial dimension of fisheries management.

1.3 AIMS AND obJECTIVES oF THIS PAPER
The aim of this technical paper is to provide the community of fishery scientists, 
stakeholders and managers with an up-to-date picture of the role of the GIS in 
conventional fisheries management and its role in EAF implementation. It is 
hoped that after having read and digested the content of this paper, the reader is in 
a position to understand and to make decisions concerning the theoretical (if not 
always the practical) use of the GIS as an aid to an EAF. It is important to note that, 
although this technical paper does not describe practical GIS methodologies per 
se, a large number of references to GIS sources for information about the practical 
aspects of GIS will be made throughout the text.

Section 2 of this paper considers the status of EAF development in terms of con-
cepts, guidelines, definition and principles as set out by FAO. The role of an EAF 
is well-known within the scientific community, but the benefits of GIS still need 
to be more clearly articulated to fisheries managers and other stakeholders engaged 
in EAF implementation. Therefore, Sections 3 and 4 provide a brief overview of 
the history of the GIS in marine fisheries and discuss the role of GIS to support 
EAF implementation. Section 5 provides a number of case studies which illustrate 
the major role that GIS has played (or might play) in one or more aspects of EAF 
implementation in specific ecosystems. Finally, Section 6 proposes a plan for EAF 
implementation through the use of GIS tools by way of identifying a target audi-
ence and their basic requirements, providing sources for marine GIS data and train-
ing, and identifying opportunities for capacity building. This section also considers 
the specific challenges faced by developing countries and suggests strategies to 
increase capacity to enhance the sustainable and effective role of GIS in EAF. In 
conclusion, Section 7 makes recommendations for the adoption of GIS for EAF.






