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Preparation of this document

This technical paper has been prepared by the FA O  Fisheries and A quaculture 
D epartm ent and it is intended to provide background inform ation and technical 
guidelines to prom ote the use of Geographic Inform ation Systems (GIS) in marine 
fisheries in support of the im plem entation of the ecosystem approach to  fisheries 
(EAF). It is based on inform ation collected over a period of one year through a desktop 
study and from  num erous contacts w ith  fishery scientists and researchers. Reports 
of tw o w orkshops held in FA O  late in 2008, “D evelopm ent of GIS activities in the 
N ansen p ro jec t” and “The use of spatial planning tools to support the im plem entation 
of the ecosystem approach to aquaculture” (Aguilar-M anjarrez et a í ,  and Kapetsky 
et a í ,  both  reports in preparation) made an additional contribution w ith 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 G overnm ent of N orw ay  through the project “Strengthening the Knowledge Base 
for and Im plem enting an Ecosystem  A pproach to M arine Fisheries in Developing 
C ountries” (G C P /IN T /0 0 3 /N O R ).



Abstract

The ecosystem approach to fisheries (EAF) has been developed during the last decade in 
response to  perceived and actual deficiencies in previous m ethods of management. The 
EAF recognizes that fish are only one albeit im portant part of a m uch w ider ecosystem 
incorporating an array of physical and biological com ponents that hum ans interact 
w ith  and exploit. R ather than managing single fish stocks, an EAF is concerned w ith 
the impacts of fisheries on the marine ecosystem, the interactions between different 
fisheries, of fisheries w ith the aquaculture sector, as well as w ith  o ther hum an activities. 
The Geographic Inform ation System (GIS) is considered an ideal platform  upon which 
to  perform  necessary inform ation management and décision-support analysis for the 
im plem entation of an EAF.

This technical paper is prim arily intended to be a guide to  m ethods that readers 
could adopt for their own use of GIS for an EA F and these m ethods 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.

M ore 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 im plem entation process consistent w ith EAF is recom m ended by  the Food and 
A griculture O rganization of the U nited  N ations (FAO) and includes: (i) scoping for 
issues, (ii) setting objectives, (iii) form ulating rules and (iv) establishing a m onitoring, 
assessment and review system. In Section 3, the use of GIS is examined beginning w ith 
a brief look at its h istory  and developm ent and then reviewing its current application 
and uses w ithin m arine fisheries. In Section 4, the potential use of GIS in a wide range 
of EA F-related projects is illustrated using examples that focus on mapping, modelling, 
management and com m unication. The degree to  w hich GIS is currently  being used for 
EAF im plem entation is illustrated by four case studies detailed in Section 5. Section 6 
proposes a plan for im plem entation 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 
recom m endations for the adoption of GIS for EAF.

The adoption of GIS for an EAF is no easy task and a num ber 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 
m any 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 w here fishery resources occur 
have motivated the developm ent 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 fram ew ork 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 hum an activities and degree of interaction among them , is 
fundam ental to  EAF planning and implementation. O ne means of operationalizing 
spatially related management factors that has show n considerable success in terrestrial 
applications is the Geographic Inform ation System (GIS). This technical paper explains 
w hy this spatial m apping and analysis tool is im portant, indicates the audience for 
w hom  this paper in intended and identifies the aims and objectives that need to  be 
addressed.

It is im portant to  have a firm understanding of the concepts underlying EAF before 
examining GIS per se. A brief look at the h istory  of EAF reveals the pivotal role that 
the Food and A griculture O rganization of the U nited  N ations (FAO) has played in 
its emergence and shows how  the concepts underpinning EAF have been form ed from  
various FA O  (and U nited  N ations) earlier international instrum ents and initiatives. 
C om pared w ith  the conventional fishery m anagement approach, EAF effectively 
entails an extension of m any current practices but over a m uch w ider ecosystem sphere 
and gives core consideration to sustainability, to stakeholder participation and to better 
p rioritization in term s of risks and threats to  the w ider ecosystem. FA O  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 term s of goals, indicators and overall 
perform ance, (iii) form ulating actions and rules to  ensure that EAF goals can best be 
achieved, and (iv) setting up a m onitoring, assessment and review process to evaluate 
the effectiveness of w hat 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 fram ew ork for EAF 
adoption.

GIS APPLICATIONS IN FISHERIES
For readers having a limited familiarity w ith  GIS as it is used in the marine fisheries 
sphere, a brief overview of the broad functionality of GIS is provided. The developm ent 
of GIS both  in term s 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 
environm ent is not inclined to easy data collection o r spatial analysis. Nevertheless, 
GIS now  provides a broad spectrum  of m apping and analytical functions, and these 
are exemplified in GIS applications for a range of fishery needs, e.g. habitat mapping,



analysis of species distribution and abundance, fisheries oceanography, m onitoring of 
fishers’ activities and fisheries management. Case studies provide a brief insight into a 
varied cross-section of actual fisheries GIS w ork.

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 w ork. Indeed, it has been show n that GIS is, 
in m any cases, an ideal platform  for data storage, m anagement and analysis to support 
decision-m akers as they  progress to  im plem entation of an EAF. GIS for EAF is already 
being used in mapping, modelling, management and communications. W ith regard to 
each of these activities, a w ide range of studies is exemplified and discussed for the 
purpose of providing the reader w ith  the breadth and potential of GIS to support the 
m any 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 m ight be applied in helping w ith  EAF-based projects. The first case study 
concerns the main fisheries operating in the Benguela C urren t Large M arine 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 m ore than 150 issues identified. M ost of these “GIS- 
aided” issues relate to  those aspects of EAF concerned w ith  direct fishery m atters 
rather than broader socio-econom ic matters. The second case study was based on the 
broader marine resource use of the seas to the southeast of N ova Scotia in eastern 
Canada. The aim of the Eastern Scotian Shelf Integrated M anagement (ESSIM) plan 
was to  identify objectives that an EAF should seek to address in terms of optim izing 
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 
H abitat Atlas for Resource M anagement (C H A R M ) project did not have deliberate 
EAF intentions in mind, though unlike the tw o other case studies, it was strong on 
the use of GIS. As several C H A R M  projects progressed, it became clear that the only 
w ay in w hich fishing in the English C hannel ecosystem could become sustainable was 
through a deliberate attem pt to  draw in a m uch broader range of considerations and 
stakeholders.

IMPLEMENTING GIS FOR AN ECOSYSTEM APPROACH TO FISHERIES
Perhaps the core concern for readers of this paper is “H ow  do I implement a GIS for 
an EA F?” Before this issue can be addressed, it is im portant to  delimit a num ber of 
assum ptions that are made about the levels of familiarity w ith  GIS and EAF. In the 
context of this paper, the authors assume that readers have some background in GIS p e r 
se and, therefore, will not be starting to  set up a GIS for EAF from  scratch. Initially, 
in term s of the FA O  fram ew ork for adoption of an EAF, the reasons for using GIS 
in the sense of identifying w hat the system can potentially  do to  enhance EAF and 
w hat the system ’s operational objectives m ight be are described. It is then possible to 
consult w ith  main stakeholders and project w orkers to determ ine 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 w hich spatially related considerations 
are im portant.

Before adopting a GIS for an EAF, it is im portant to acquire familiarity w ith the 
practical aspects of GIS im plem entation and functioning, especially in capacity-building 
m atters related to EAF w ork. It is likely that GIS w ork  to address EAF objectives 
could initially be conducted using existing hardw are configurations, though as w ork  
broadens to  integrate a w ider range of ecosystem considerations, the GIS architecture
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m ay need to  be reviewed. Likewise, initially, existing software could be adequate but 
the GIS user m ay wish to  experiment w ith  the increasing array of often specialized or 
perhaps open-source software to  perform  specific operations or analyses. D ata needs 
for EAF w ork  are likely to  rise exponentially. M uch of the data will be specific to a 
particular project and are likely to  be gathered by a project team o r contractor but the 
general availability of m arine-based, fisheries or w ider ecosystem data is increasing at 
an accelerating rate and guidance is given on possible sources for such data. A dditional 
support for GIS w ork  in an EAF context is provided in the literature, on web sites and 
in the form  of tools for m odelling and portals for inform ation.
To shift from  w orking w ith a GIS for the traditional management of fisheries tow ards 
w orking w ith  a GIS to cover the broader horizons associated w ith  an EAF is not 
easy and presents m any 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 w ith 
o ther groups w orking in fisheries. O n  the broader front, it is vital that all the EA F/G IS 
w ork  presently being done in w hat are often fairly isolated and fragm ented quarters 
be gathered together. If this can be achieved, m uch “reinventing of the w heel” will be 
eliminated to  the advantage of everyone. Finally, this paper makes recom m endations, 
which if vigorously followed, will better the chances that the fisheries ecosystem 
reverses its present direction tow ards demise.
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1. Introduction

D uring 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 environm ental agencies, bo th  governmental 
and non-governm ental at the national and international levels. The application of an 
ecosystem approach to  fisheries (EAF) represents the operationalization of sustainable 
developm ent in fisheries, to be achieved through dem ocratic and transparent practices 
that take account of diverse societal interests and use mechanisms that allow 
participation of stakeholders in the planning and decision-m aking processes. The 
ecosystem approach broadens the scope of fisheries m anagement to  also include the 
w ider impacts of fishing on the m arine ecosystem and to  m ore explicitly consider 
environm ental impacts on the marine ecosystem and its resources. The F A O  Technical 
Guidelines fo r  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 
hum an com ponents of ecosystems and their interactions and applying an integrated 
approach to  fisheries w ithin ecologically meaningful boundaries”. This definition 
clearly addresses both  hum an and ecological well-being and merges tw o paradigms: 
protecting and conserving ecosystem structure and functioning, and managing fisheries 
w ith a focus on providing food, income and livelihoods for humans.

The FA O  EAF guidelines together w ith  o ther FA O  guidelines (FAO, 2005 and 
2008a) introduce m ethodologies for the practical application of an EA F 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 prom ote its 
application. In  particular, EAF meets the challenge of having to consider the multiple 
impacts of fisheries on the marine ecosystem, the interactions am ong different fisheries, 
and of fisheries on the aquaculture sector as well as on other hum an 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 Inform ation 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 developm ent of new knowledge and understanding of the 
interactions between hum an activities and the ecosystem. “Ultimately, im plem entation 
of ecosystem-based management is an incremental and adaptive process” (Busch et a í, 
2003: page 4). A lthough this statem ent applies to  the im plem entation of EAF, this 
technical paper will show  that the statem ent applies even m ore to the use of GIS for 
the im plem entation of EAF.

1.1 THE TARGET AUDIENCE FOR THE APPLICATION OF A SPATIAL DIMENSION 
IN EAF
Given that m arine commercial and /o r recreational fisheries are the m ost w idely 
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 w ith  respect to  its sustainability, then the target groups for inform ation 
on means by w hich fisheries circumstances can be im proved will be w idespread and
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varied. This is especially true because, for the m ost part, existing m ethods of managing 
the fishery activity have been unsuccessful and because the activity is carried out 
over large marine areas w here there m ay be few enforceable rules or indeed means of 
enforcement. In addition, fishing takes place in a milieu w here com petition 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 m ay need to  know  about managing fisheries w ithin 
ecosystems. Box 1.1 provides categories of potential target groups. These groups will 
vary in their p ropensity  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-m akers w ithin 
all targeted groups will have an interest in outputs and it is likely that management 
organizations, conservation groups, non-governm ental organizations (N G O s) and 
researchers will have an interest in operationalizing their ow n GIS for EAF purposes.

B O X  1.1

The main target groups potentially interested in GIS for EAF

Fisheries departm ents w ith in  governm ent (atvarious levels). M ost countries have governmental, 
legal oversight and responsibility  over fishery activity and its sustainability.

Fishery research establishments. T hough often under responsibility  of and funded by  
governm ents, they  usually have individual au thority  to  pursue requisite research activities, 
m any of w hich are now  concentrated on EAF activities.

Fishery producer cooperatives. F ishery cooperatives are established to  prom ote socio­
econom ic advantages for their members. If they  see how  m arine spatial planning can be to 
their advantage, they are likely to  recom m end its pursuance.

O ther groups o f  fishers. These groups of fishers m ay be very diverse and perceive that their 
long-term  interests will be served th rough  adoption of a new  and m ore com prehensive 
approach to  fisheries management.

University departments -  fishery science, ecosystem science and  environm ental science. W ith 
greater access to  higher education w orldw ide and greater diversification of courses, there is 
increased interest in  courses related to  the environm ent and to  sustainability.

Fishery managers. Fisheries are managed in  diverse circumstances, e.g. from  local control 
to  w ide-ranging contro l such as that exercised th rough  the European U n io n ’s C om m on 
Fisheries Policy. It is likely that managers will increasingly move tow ards adopting EAF 
concepts.

International and  national m arine/fishery organizations. Each of these w idely diverse 
organizations has an interest in  prom oting  the continuing good health  of m arine and fishery 
environm ents.

Conservation groups. These groups m ight vary from  regional to  international in  scale and 
have a rem it (where relevant) to  prom ote sustainability of fish and /o r aquatic environm ents. 
EAF is increasingly being featured w ith in  their area of interest.
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1.2 WHY LOCATION MATTERS IN EAF
Conventional fisheries management considers the spatial com ponent of fisheries 
operations either explicitly, through time and area closures, or implicitly, through 
allocation of quota to  regions o r to  fleet sectors w ith  different distributions. U nder an 
EAF m anagement regime, consideration of the spatial com ponent becomes increasingly 
critical as a broader set of ecosystem interactions needs to be taken into account. The 
requirem ent to also take into account the often conflicting and com peting 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  C addy and Garcia (1986) and in the FA O  guidelines for integrated 
management of coastal zones (C lark, 1992). Recently, spatial considerations have 
become even m ore manifest in the decisions of m any coastal countries to adopt M arine 
Spatial Planning as a means of creating organization w ith  respect to  the management 
of their marine resources and space (MSPP C onsortium , 2006; Douvere, 2008). In this 
respect, the CIS has an increasingly im portant role to play in EAF im plementation. 
U sed by m any as a research tool, the CIS is becoming increasingly em bedded in fishery 
and w ider ecosystem management processes, not least because of its ability to generate 
visual representations of complex ecosystem processes and in so doing facilitate 
com m unication w ith  and among stakeholders.

Additional considerations now  emerging in international com m unities regarding 
adaptation mechanisms in response to clim ate-induced changes affecting marine 
ecosystems and resources put a greater emphasis on the need to develop a spatial 
management and planning fram ew ork for w hich CIS is deemed to  be an im portant 
supporting tool. O th e r emerging issues, such as demersal fisheries in the high seas (FAO, 
2008b), call for m ore attention to  the spatial dim ension of fisheries management.

1.3 AIMS AND OBJECTIVES OF THIS PAPER
T he aim  of this technical p ap er is to  p rov ide the com m u n ity  of fishery  scientists, 
stakeholders and m anagers w ith  an u p -to -d a te  p ic tu re  of the role of the G IS in 
conventional fisheries m anagem ent and its role in E A F im plem entation . I t  is 
hoped  th a t after having read and digested the co n ten t of this paper, the reader is in 
a p o sitio n  to  understand  and to  m ake decisions concern ing  the theoretical (if n o t 
always the practical) use of the G IS as an aid to  an EAF. I t  is im p o rtan t to  no te  that, 
although  this technical p ap er does n o t describe practical G IS m ethodologies per  
se, a large nu m b er of references to  G IS sources fo r in fo rm ation  ab o u t the practical 
aspects of GIS w ill be m ade th ro u g h o u t the text.

Section 2 of this paper considers the status of E A F developm ent in term s of con ­
cepts, guidelines, defin ition  and principles as set o u t by  F A O . T he role of an EA F 
is w e ll-k n o w n  w ith in  the scientific com m unity , b u t the benefits of G IS still need 
to  be m ore clearly articulated  to  fisheries m anagers and o ther stakeholders engaged 
in E A F im plem entation . T herefore, Sections 3 and 4 p rov ide a b rief overview  of 
the h is to ry  of the GIS in m arine fisheries and discuss the role of G IS to  su p p o rt 
E A F im plem entation . Section 5 provides a num b er of case studies w hich  illustrate 
the m ajor role th a t G IS has p layed (o r m igh t p lay) in one o r m ore aspects of EA F 
im plem entation  in specific ecosystem s. Finally, Section 6 p roposes a p lan  fo r EA F 
im plem entation  th ro u g h  the use of GIS tools by  w ay  of iden tify ing  a targe t aud i­
ence and their basic requirem ents, p rov id ing  sources fo r m arine G IS data and tra in ­
ing, and identify ing  op p o rtu n ities  fo r capacity  build ing. 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 m akes recom m endations fo r the ado p tio n  of GIS fo r EAF.
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2. What is EAF?

2.1 BACKGROUND TO EAF
The adoption of the EAF resulted from  an increased understanding of the interactions 
between hum an activities and ecosystems, a growing environm ental awareness among 
the m any different stakeholders, and lessons learned from  fisheries management over 
the last 50 years. W ith an EAF, management systems are broader in scope in order 
to encompass the key interactions between fisheries, the resources they target and 
the w ider ecosystems in w hich they  operate. The broadening of scope is occurring in 
parallel w ith  the recognition across all fields that natural resource management m ust be 
prudent, transparent and democratic.

The concepts underpinning EAF are reflected in a series of international instrum ents 
that were developed over several decades, such as the Law of the Sea (1982), the U nited 
N ations Conference on Environm ent and D evelopm ent (U N C E D ), also referred to 
as the Earth Summit (1992), and the FA O  C ode of C onduct for Responsible Fisheries 
(FAO , 1995). The concept of “sustainable developm ent” as an alternative approach to 
an approach sim ply based on economic grow th, and w hich strives to “meet the needs 
of the present w ithout com prom ising the ability of future generations to meet their 
ow n needs”, permeates through all these instrum ents. The agreements that resulted 
from  the Earth Summit, such as Agenda 21, and the legally binding Conventions, 
including the C onvention on Biological D iversity (CBD), had an overarching 
significance for all hum an activities. O f direct interest for aquatic resources use is the 
1995 Jakarta mandate on coastal and marine biodiversity because this m andate builds 
on the platform  provided by the CBD  by specifically linking issues of biodiversity and 
conservation to  fishing activities.

The Code of C onduct for Responsible Fisheries represented a milestone w ithin 
fisheries for better im plem entation of the principles of sustainable use and the 
establishment of im proved principles and standards for the conservation, management 
and developm ent of all fisheries. Given the difficulties experienced in the actual 
im plem entation of the code, new impetus was given to  sustainable aquatic resources 
use at the 2001 FA O  Conference on Responsible Fisheries in the M arine Ecosystem  
(FAO , 2002) through a renewed political com m itm ent to a broader understanding of 
sustainable fisheries and the adoption of the EAF. Im m ediately thereafter, and ten years 
after the Earth Summit, a com m itm ent was made at the W orld Summit on Sustainable 
D evelopm ent (WSSD, 2002) to  implement an ecosystem approach to  fisheries by 
2010 .

In 2003, FA O  published guidelines to facilitate EAF im plem entation (FAO , 2003). 
These guidelines were presented to the FA O  Com m ittee on Fisheries (C O FI) in 
the same year. The FA O  guidelines indicate the general process by w hich policies 
containing ecosystem conservation goals are turned  into operational plans, activities, 
outputs and outcomes. W ithin this general conceptual fram ework, the specific purpose 
of an EAF is “to plan, develop and manage fisheries in a m anner that addresses the 
multiple needs and desires of societies, w ithout jeopardizing the options for future 
generations to  benefit from  the full range of goods and services provided by marine 
ecosystem s” (FAO, 2003).
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2.2 CONVENTIONAL FISHERIES MANAGEMENT AND THE ECOSYSTEM 
APPROACH
The EAF as adopted by FA O  is not considered a m ajor departure from  conventional 
fisheries management but rather an extension of it and w ith  a greater emphasis on 
sustainability concepts as articulated in the C ode of C onduct on Responsible Fisheries. 
Table 2.1 shows a com parison of key features of a management system using the 
conventional approach and a management system using an ecosystem approach, 
respectively.

TABLE 2.1
A com parison  o f conven tional and  ecosystem  app ro ach es to  fisheries m an ag e m en t

Conventional approach to  fisheries Ecosystem approach to  fisheries

Has f e w  f ishe r ie s  m a n a g e m e n t  ob jec t ives .  E xpands  s c o p e  o f  f i she r ie s  m a n a g e m e n t  t o  explic itly
ad d re s s  e co s y s tem  a n d  s o c io - ec o n o m ic  co n s id e ra t io n s .

Focuses m a in ly  o n  f i s h e ry  s e c to r  issues, i.e. Deals  m o r e  explicitly w i th  t h e  in te ra c t io n s  b e t w e e n
s ec to ra l  t h e  f i s h e ry  s e c to r  a n d  o t h e r  sec to rs ,  e .g .  p e t r o l e u m

industry ,  t o u r i s m ,  c o as ta l  d e v e l o p m e n t .

Deals  m a in ly  w i th  s in g le  ( t a rg e t )  spec ie s.  R es p o n d s  t o  c o n ce rn s  a b o u t  t h e  b r o a d e r  im p ac ts  of
f i she r ie s  o n  t h e  m a r in e  eco sy s tem ,  in c lu d in g  im pac ts  
o n  t h e  h a b i t a t ,  v u l n e r a b l e  spec ies  a n d  biodivers ity .  

A d d re ss e s  f ishe r ie s  m a n a g e m e n t  issues a t  t h e  A d d re ss e s  t h e  key  issues a t  t h e  a p p r o p r i a t e  s p a t ia l  a n d  
s tock / f i shery  scale . t e m p o r a l  s ca le s . T h e s e  issues a r e  o f t e n  n e s t e d  (local,

n a t io n a l ,  s u b r e g io n a l ,  r e g io n a l  a n d  g loba l) .

Is p red ic t ive ,  w i th  d e c i s io n - m ak in g  m a in ly  Given t h e  u n c e r t a in ty  a s s o c ia t e d  w i th  m a n y  o f  t h e
b a s e d  o n  resu l ts  f r o m  m a t h e m a t i c a l  o r  issues t o  b e  d e a l t  w i th ,  t h e  l im ited  d a t a  a v a i l ab le  a n d
s ta t is t ica l  m o d e l s  t h a t  assess  t h e  o u t c o m e s  o f  p o o r  u n d e r s t a n d i n g  o f  r e l e v a n t  p rocesses ,  r e c o g n iz e s
d i f f e r e n t  m a n a g e m e n t  s t r a te g ie s .  a d a p t i v e  s t r a t e g i e s  as b e in g  m o r e  usefu l.

Cons ide rs  scienti f ic  k n o w l e d g e  t h e  on ly  va lid  R ecogn ize s  t h a t  it is n o t  poss ib le  t o  o b t a i n  sc ienti f ic
k n o w l e d g e  as a basis  f o r  d ec i s io n -m ak in g .  k n o w l e d g e  o n  all t h e  issues t o  b e  d e a l t  w i th  a n d  t h a t

a l t e r n a t iv e  k n o w l e d g e  (e .g .  t r a d i t i o n a l  k n o w l e d g e )  c an  
b e  u t i l ized  as a basis  f o r  d e c i s io n -m ak in g .

O p e r a t e s  t h r o u g h  r e g u la t i o n s  a n d  p e n a l t i e s  f o r  E n c o u ra g e s  c o m p l i a n c e  t o  r e g u la t i o n s  t h r o u g h
n o n -c o m p l i a n c e .  incentives .

Uses a t o p - d o w n  ( c o m m a n d  a n d  co n t ro l )  Uses a p a r t i c ip a to r y  a p p r o a c h ,  e .g .  v a r io u s  f o r m s  of
a p p r o a c h .  c o - m a n a g e m e n t  a r e  a key  f e a t u r e  o f  t h e  EAF.

Source: The authors .

Given the broader scope of EA F as com pared w ith  conventional fisheries 
management, and the often limited resources of fishery adm inistrations and research 
institutes, the im plem entation of EAF will require a process of prioritization to identify 
the issues w hich need most attention o r pose greater environm ental risk, i.e. it is not 
just a question of adding new elements to  conventional management.

2 .B APPLYING EAF, A PRAGMATIC APPROACH
The guidelines developed by  FA O  provide a fram ew ork for the comprehensive 
im plem entation of EAF principles1. Im plem entation of the approach entails going 
through a systematic and partic ipatory  assessment and planning process that leads to 
the form ulation of fisheries management plans consistent w ith  EAF. The plans also 
include mechanisms for assessing management perform ance on a regular basis. The 
sequence of steps in the process is illustrated in Figure 2.1 and can be briefly described 
as follows (FA O, 2003 and 2005).

STEP 1: Scoping
The spatial coverage of the management plan should be defined in such a w ay that it 
is m ost relevant to  the fishery in term s of the area w here the fishery takes place, the 
distribution area of the target resources, and the ecosystem w here they  occur, and 
that it allows identification of stakeholders having com m on or com peting interests in 
relation to that resource or area. A t this stage, relevant inform ation on all aspects of

1 A  num ber o f strategies have been suggested fo r E A F im plem entation  (Busch et a í, 2003; Bianchi and 
Skjoldal, 2008; F letcher et a í, 2002; Garcia et al., 2003, and sum m arized in  Garcia and C ochrane, 2005) 
bu t the authors chose to  base their w o rk  on the  approach adopted  by  F A O  (2003).
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FIGURE 2.1
Key s tep s  in th e  EAF fram ew o rk  fo r deve lop ing  fisheries m an ag e m en t p lans
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Source: Modified from FAO, 2003.

the fishery or fisheries and the ecosystem, including people and livelihoods, should be 
compiled to  serve as a basis for the following steps.

STEP 2: S e t t in g  o p e ra t io n a l  ob jec t ives
Setting operational objectives entails a series of tasks, including determ ination  of 
broad  objectives and transla tion  of these objectives in to  operational objectives and 
associated ind icators and perfo rm ance m easures.

Set broad objectives
M anagement objectives consistent w ith  EAF principles m ust be defined explicitly, 
w ith attention to  ecosystem sustainability objectives as well as social and economic 
objectives, and should be consistent w ith  high-level policy goals that are likely to be 
found in national legislation. These objectives will direct the identification of issues to 
be dealt w ith  by management and the form ulation of operational objectives.

Develop operational objectives from  broad objectives
Specific operational objectives are needed to allow managers to im plement specific 
measures and should, therefore, have a particular and practical meaning for the fishery 
being considered. The key tasks include:
• identification of detailed issues relevant to  the fishery through partic ipatory  and 

structured m ethods, following key categories along the three main dimensions of 
a fishery system, i.e. ecological, socio-econom ic and governance, and including 
the influence of o ther drivers external to  o r beyond the control of the fishery 
(Figure 2.2);

• prioritization of issues through a formal process such as a risk assessment; and
• for each specific issue, form ulation of an operational objective and associated 

indicators, reference points and perform ance measures.
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FIGURE 2.2
A hierarchical tre e  used  fo r system atically  identify ing 

key issues to  b e  d e a lt w ith  by m an ag e m en t

Fishery

Ecological wellbeing Socio-economic well-being Ability to achieve

Relai ne-d Community Governance

Non retained National! Impact of 
environment

General ecosystem

Source: Modified from F AO, 2003.

Note: Each category can be fu rthe r subdivided into subcategories, as appropriate. (Retained species = ta rg e t and  non­
ta rg e t species th a t are caught and retained; Non-retained species = discards; General ecosystem = o ther impacts of the  
fishery on th e  ecosystem, e.g. on th e  habitat, on ecosystem structure and functioning, on biodiversity; Community = 
social and economic issues a t  th e  com munity level; National = social and  economic issues related to  th e  given fishery 
a t  th e  national level; Governance = governance issues relevant to  th e  given fishery; Impact o f environm ent = factors 
affecting th e  given fishery beyond th e  control o f th e  fishery adm inistration, such as pollution, climate change, impacts 
from o ther hum an activities.)

STEP 3: Form ula t ing  ac tio n s  a n d  rules
An overall plan of action m ust be implemented. This plan is likely to contain a mix of 
measures that are perceived as being appropriate to  the specific fisheries ecosystem. All 
management requires the setting of rules by w hich the activity m ust function and these 
rules should be based on best available knowledge. Suitable management measures are 
identified, such as catch controls, effort lim itation, and closed areas o r seasons, and 
for each of these measures there will be local by-laws or rules that m ay need continual 
adjustm ent in response to the ecosystem ’s change. This step is particularly challenging 
in tropical multispecies fisheries as consideration has to be given sim ultaneously to  the 
impacts of fisheries on species w ith  varying degrees of productivity.

STEP 4: Iden tify ing  m o n ito r in g ,  a s s e s s m e n t  a n d  rev iew  m ech an ism s
Evaluate m anagem ent
A m onitoring and review process is needed to evaluate the extent to  w hich m anagem ent’s 
measures are actually contributing to the broad and operational objectives, based on 
the selected indicators and agreed reference trends and directions. Usually the review 
process has a one-year cycle for tactical fisheries m anagement and a longer (5 to  10 
years) cycle for strategic planning and re-evaluation of the management plan.

Set up a monitoring, control and surveillance system
Successful fisheries management relies on a w ell-functioning m onitoring and control 
system, particularly in the case of industrial fisheries. The in troduction of a vessel 
m onitoring system (VMS) opens the possibility for a m ore effective spatial management, 
w hich is particularly relevant to im prove conventional fisheries management but also 
to  address conservation concerns under an ecosystem approach.

Identification of the key stakeholders is fundam ental to  the successful development 
and im plem entation of the management plans. A lthough stakeholder identification can 
take place informally, more formal ways can be used (e.g. Renard, 2004; Vierros et a l ,
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2006). In addition to  ensuring stronger legitimacy and transparency, a good process 
for stakeholder identification and analysis also provides the basic understanding of the 
social and institutional context relevant to  the planning process.

A num ber of the key steps in the ecosystems approach planning and im plem entation 
cycle (as described above) w ould benefit from  m ore explicit consideration of spatial 
inform ation about ecosystem com ponents and properties. Furtherm ore, because 
of the partic ipatory  nature of EAF planning and im plem entation, visualization of 
im portant ecosystem properties w ould greatly facilitate stakeholder consultation and 
decision-making. W ithin the scientific process, spatial data visualized w ith in  a GIS 
environm ent can help im prove understanding of the ecosystem in question and allow 
for m ore spatially resolved analyses and hypothesis testing. The following sections 
will consider in detail the current uses of GIS technology in marine fisheries, the role 
of GIS in support of EAF planning and im plem entation, case studies w hich integrate 
GIS into EAF, opportunities and challenges of GIS in support of the EA F (Section 6) 
w ith explicit reference to  the EAF im plem entation fram ew ork outlined above and in 
Figure 2.1.
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3. The current status of GIS in 
marine fisheries

3.1 GIS AS A TOOL
A GIS m ay be defined as a collection of com puter hardware, software, data 
and personnel designed to  collect, store, update, m anipulate, analyse and display 
geographically referenced inform ation (Rahel, 2004) (Figure 3.1). There is no single 
GIS; systems can be assembled in an infinite num ber of ways. H ardw are can refer to 
desktop or laptop com puters, plus o ther smaller m obile devices, and to  technology 
designed to  input or ou tpu t data or inform ation such as digitizers, scanners, printers 
and plotters. There are a m any general commercial and free open-source GIS software 
packages and even m ore GIS applications that have been developed for specific 
purposes, such as for use by the m ilitary or utility  companies. D ata can be collected 
for specific projects in the field or can be obtained from  commercial or governmental 
sources and data can be delivered via C D -R O M s, flash-drives or over the Internet or 
o ther such integrated server networks. Personnel are usually highly trained in both 
com puter science and geographical analysis, though m any specialists have moved from  
applied research areas to  GIS when it has been advantageous.

FIGURE 3.1
A process d iag ram  to  concep tualize  th e  function ing  of GIS

in p u ts  GEOGRAPHIC INFORMATION SYSTEMS o u t p u t s
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Source: Modified from Rahel, 2004.
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The im portance of GIS is based on the fact that all earth processes and functions are 
inherently spatial. GIS are unique in their ability to conduct spatio-tem poral analyses 
in order to  understand complex earth processes. For any specific problem  or area or 
time, data can be assembled and input to  the system. GIS themselves are designed 
to perform  a large array of spatio-tem poral analyses and operations over multiple 
scales o r resolutions. O u tp u t from  a GIS is largely in the form  of maps although it 
can also be in tabular, statistical or graphical form. The appeal and usefulness of a 
GIS lie in its capacity for problem  solving in the spatial dom ain and for generating
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m apped representations of complex ecosystem interactions and processes in a w ay that 
managers can understand and make decisions from.

3.2 A BRIEF HISTORY OF GIS TECHNOLOGY AND DEVELOPMENTS
The history  of the GIS began in the 1960s w ith the developm ent of the Canada 
G eographic Inform ation System. This first true GIS was designed to  manage natural 
resources dispersed over a w ide spatial area (Tomlinson et a í ,  1976). A t that time, 
a second impetus for com puter generated m apping was provided by the Dual 
Independent M ap Encoding project undertaken by the U nited  States Bureau of the 
Census to  produce spatially-based output from  the 1970 U nited  States census. The 
1970s saw intensive w ork  at universities such as H arvard, M innesota, Edinburgh and 
the Royal College of A rt in L ondon to develop both  vector- (line) and raster- (pixel) 
based mapping, so that by the end of the 1970s a large num ber of software packages for 
handling geographic inform ation had been developed (M arble, 1980). M any of the early 
CIS were designed to meet specific needs and generally focused on improving basic 
m apping capability. A lm ost all the early w ork  on CIS developm ent was conducted by 
the public sector (governm ent, universities and the military), m ainly because very high 
costs were involved for acquiring and operating the requisite mainframe com puters.

Follow ing this innovative early period, the 1980s saw an era of com mercialization 
(Longley et al., 2001). This was made possible for a num ber of reasons, prim arily  the 
rapidly decreasing costs of com puting, the developm ent of cost-effective applications, 
the proliferation of data (largely through satellite rem ote sensing) and the emergence 
of smaller com puting platform s (m inicom puters and then personal com puters), 
plus developm ents in parallel fields (see Box 3.1). The integration of these parallel 
technologies are extremely im portant for GIS because not only are m any of them  
crucial to GIS but the existence of the GIS itself provides a rationale and spur for their 
ow n development. The 1980s saw the emergence of m ost of today ’s m ajor software 
suppliers so that by the mid-1980s there were approxim ately 100 different commercial 
GIS packages available. G radually the use of GIS spread into an increasing num ber of 
areas, though its m ajor applications remained w ith  the m ore traditional areas of land- 
use planning and resource management.

The 1990s saw continued though accelerating commercial developm ent w ith 
expansion rates in the GIS sector as a whole of approxim ately 14 percent per annum  
(Payne, 1993; Frost & Sullivan, 1994). A long w ith  the grow th of GIS came the 
proliferation of associated activities such as the publication of dedicated books and 
journals, specialist conferences, the developm ent of international standards through 
such organizations as the O pen  Geospatial C onsortium  (O G C ), the establishm ent of 
GIS associations (e.g. the Association for Geographic Inform ation in London) and 
a large expansion in G IS-oriented higher education. Towards the end of this period, 
some consolidation w ithin the software developm ent sector rationalized the num ber 
of commercial GIS packages available. It w ould be true to  say that at the beginning of 
the 21st century we are now  in an age of mass use and exploitation of GIS by a broad 
array of social, economic and environm ent sectors.

3.3 THE MAIN FUNCTIONALITIES OF GIS
The following is a brief overview of the main areas of functionality that GIS can 
provide.
• D ata pre-processing and management. Before any GIS task can be perform ed, 

various editing or m anipulation functions m ay be necessary to  ensure that the 
data are in a suitable form  and sufficiently accurate for subsequent analysis and 
representation. For example, data might need to  be updated or corrected, or 
converted to an appropriate map projection. Scale changes m ight also be required.
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BOX 3.1
Parallel technologies or disciplines that have assisted in the development of GIS

The In ternet. It has allowed for inform ation and data dow nloads and is now  increasingly 
used for the developm ent of interactive m apping engines.

R em ote sensing. Satellite and aerial im agery are by  far the largest source of data for GIS. 
Satellites also provide the basis for the global positioning system (GPS) and derived 
applications, e.g. vehicle navigation and VMS.

E nvironm ental modelling. O u tpu ts from  models provide a source of data and m odelling itself 
is often perform ed using a GIS environm ent.

Softw are developments. N o t only  are there m any varied GIS packages bu t linkages between 
GIS and other specialized software are becom ing increasingly com m on in m any sectors.

H ardware. H ardw are form s the com puter-based platform  for GIS operations and num erous 
o ther pieces of hardw are m ay form  part of a com plete GIS, e.g. scanners, p lotters, digitizers, 
data loggers, GPS and sonar.

Com puter-aided design (C A D ) and  graphics. C A D  represents a technology having similar 
in p u t/o u tp u t requisites to  GIS and has thus contributed  significantly to  GIS development.

D igita l cartography. W hile m ost cartography is n o t concerned w ith  analysis per se, the ou tpu t 
from  digital cartography shares the exact requirem ents to  those of GIS.

Geostatistics. M uch of the ou tpu t from  a fisheries GIS depends upon  the application of 
geostatistics to  m odel various distributions or future projections.

Photogrammetry. It is a technique fo r m easuring objects from  photographs, electronic 
imagery, videos and satellite images, providing an im portan t source of spatial inform ation.

• Spatial and non-spatial data integration. In tegration  of geographic entities 
representing real location on the earth into non-spatial inform ation is one of the 
strengths and prom inent functionalities of a GIS. In this context, quantitative 
inform ation (location, dimension, spatial relationships) can be com bined w ith 
qualitative inform ation (attributes, text, descriptions) to create a functional model 
of the real w orld.

• M easurement. This can be achieved in term s of not only distance, perimeter, 
volum e and area but also in the sense of statistical m easurements (sum, mean, 
mode, standard deviation).

• D istributions and relationships. Fundam ental to geographic analyses are basic 
distributions and distributional patterns, e.g. do entities display clustered, random  
o r uniform  distributions? Are there spatial patterns showing contiguity, proxim ity 
o r autocorrelation? W hat is the optim um  location for any specific enterprise?

• Modelling. M odels of geographic processes can be constructed to  understand the 
w orld  as it is now, as it has been in the past or how  it m ight be in the future through 
“W hat if scenarios”. They can range from  relatively simple models, such as might 
be used by planners w ho seek optim um  layouts for cities and their com ponents, 
to  m ore complex models that seek to discern optim um  faunal habitats o r to  very 
complex models for processes such as climate change prediction.
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• N e tw ork  analyses. N etw orks can comprise extremely wide-scale geographic 
features such as transport routes, drainage netw orks, pipeline and cable networks, 
and other linear features. A n array of cost and time analyses can be perform ed 
by GIS, including shortest path  and optim um  route analyses, tim e/cost efficiency 
routing and connectivity indices.

• Temporal analyses. A n im portant area of interest is how  natural and hum an 
processes change over time. GIS can, for example, be used to  calculate rates of 
urban expansion, deforestation rates and crop-acreage changes over time. The 
long-term  collection of rem otely sensed data has greatly expedited time series 
analyses such as these changes.

To operationalize any of these functions, GIS applications are equipped w ith a 
range of functionalities w hich themselves are used in a program m ed sequence in order 
to  accomplish individual tasks. The com m ands m ust be directed tow ards spatially- 
referenced data to enable the GIS analyses to  proceed. These data are held in files and 
databases that m ay be accessible locally or over a netw ork and are held as individual 
files o r as part of a w ider data management system.

3.4 USE OF GIS IN MARINE FISHERIES
A lthough terrestrial applications of GIS had com m enced by the late 1960s, it was 
another tw o decades before GIS was being applied in the m arine environm ent. M eaden 
(2000) outlined a GIS Fisheries Task Conceptual M odel that described w hy GIS was a 
complex task for early adoption by fishery researchers o r scientists. In the mid-1980s, 
a seminal paper by C addy and Garcia (1986) highlighted the im portance of com puter- 
based m apping and spatial analysis to fisheries. A round the same time, the CIS was 
being dem onstrated as a valuable tool for aquaculture (FA O, 1985). Indeed the earliest 
applications of CIS to  fish production were those applications utilized for locating 
sites for new marine aquaculture operations (e.g. M ooneyhan, 1985; Kapetsky et al., 
1987; FA O , 1989; Kam Suang Pheng, 1989).

These early examples of the application of GIS for location analysis were perform ed 
for the m ost part using rem otely sensed imagery. U nlike the spatial complexities 
inherent in marine fisheries, aquaculture location deals w ith  a nearshore static 
environm ent in simple 2D and costly surveys are not required to get a range of 
fisheries-related data. D uring the early phase of CIS adoption by fisheries, Simpson 
(1992) noted that rem ote sensing had the potential to generate m uch marine data of 
relevance to  CIS applications, such as data for m onitoring fishing effort, tracking 
pollutants, m apping bathym etry and sea-bed habitats, and providing m easurements of 
physical and biological properties in the w ater column.

D uring the early 1990s, CIS slowly expanded its range of fishery applications 
(Meaden, 2001). O ne of the m ore popular uses of CIS was for constructing spatially- 
explicit models of fish-habitat suitability, particularly  in inshore zones where, 
fo r instance, mangroves, estuaries, seagrass beds, bottom  sediments and littoral 
environm ents could be mapped relatively easily. A fter the mid-1990s, the use of GIS 
for fishery-related w ork  grew rapidly and by  the time that the First International 
Symposium on GIS in Fisheries Science was held in 1999 (N ishida et al., 2001), papers 
on GIS applications for marine fisheries were presented on various them atic areas 
(Table 3.1).
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TABLE 3.1
T hem atic a reas  o f th e  p ap e rs  on  GIS m arine  fisheries p re sen ted  a t  th e  First In ternational 
Sym posium  on  GIS in Fisheries Science in 1999

Thematic area Number of papers
Fisheries o c e a n o g r a p h y / h a b i t a t s 7

Fisheries re s o u rc e  analysis 5

R e m o te  s en s in g  a n d  acous t ics 3

E c osys te m s /fo reca s t ing 2

Estua ry  a n d  co as ta l  m a n a g e m e n t 2

G e n e r a l  re v ie w 2

C o n ce p ts 1

E d u c a t io n 1

R esearch  in p ro g r e s s 1

S o f t w a r e / d a t a b a s e / c o m p u t e r  sys tem s 7

Source: The First In te rna tiona l Symposium o n  GIS in Fisheries Science, 1999.

The accelerating rate and breadth of GIS-based, fisheries-related applications 
resulted from  the same set of factors as outlined previously (decreasing costs of 
com puting, better access to  data). GIS technology has also been prom oted  through 
num erous publications, specialist conferences and w orkshops, and through  the 
appearance of GIS-generated output in various fisheries journals and m ore general 
publications. For a more detailed description of the proliferation of fisheries GIS 
applications from  the beginning of this century, see M eaden (2000), M eaden, (2001), 
Valavanis (2002) and N ishida et al. (2004). Despite this proliferation, it w ould be true 
to say that at the end of the last century the use of GIS for fisheries-related w ork  was 
at an im mature stage and this was a result of the very fragm ented nature of the fisheries 
sector as a whole, i.e. m uch small-scale w ork  was being pursued in isolated places, and 
because publications were m ostly confined to  the “grey” literature.

Fisher (2007) describes how applications of GIS to  fisheries science and management 
came to  be m ore sophisticated. Thus, in a survey of relevant publications issued before 
2000, he found that a m ajority of the publications were concerned w ith qualitative 
studies that involved single param eters, a few publications reported m ultiple param eters 
and a very few publications contained studies that used quantitative (statistical and non- 
statistical) m ethods. However, w hen Fisher analysed recent fisheries publications, he 
found that the shift in publication content was m arkedly tow ards multiple param eter 
studies that em bedded geostatistical techniques. The main them atic areas that presently 
utilize GIS w ith  respect to  fisheries can be categorized as follows.
• H abitat mapping. This is a process w hereby sea-bed types are classified in term s of 

sediments, morphology, depth and benthos using data from  various acoustic sonar 
devices and biological sampling equipm ent. H abitats can be portrayed  in various 
means and categories, fo r example, by draping a map of sediment types or benthos 
over a 3D topographical image. O ver the last decade, the im portance of habitat 
m apping has increased m arkedly and in m any ways habitat maps are now expected 
to  form  the basis upon w hich marine ecosystems are managed.

• Species distribution and abundance. The 2D m apping and modelling of the 
distribution and abundance of species of interest (resource analysis) has grow n into 
a substantial area of research covering both  terrestrial and marine domains. M arine 
species pose particular challenges as their populations are relatively dynam ic in 
space and time. M apping their distribution, therefore, presents a challenge to 
statisticians and ecological modellers.

• Fisheries oceanographic modelling. Research in this area is aimed at explaining the 
relationships between fish occurrence and oceanographic variables. This involves 
aggregating data from  a w ide variety of sources, w ith  satellite rem ote sensing and 
fisheries surveys being of prim ary im portance. O n ly  a GIS has the functional 
capability of carrying out the necessary complex modelling.
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• F ishers’ activities. Knowledge of w ho is fishing where, w ho is catching w hat and 
by w hat means is a fundam ental requirem ent for management to be effective. 
M any large-scale commercial fisheries are now  subject to m onitoring by satellite- 
based VMS. These systems are designed to  augm ent existing logbook schemes and 
can potentially generate m ore accurate assessments of where fishing activities are 
taking place. Small-scale fisheries are required to subm it logbook records of catch 
and effort, whereas subsistence fisheries are rarely subject to a formal reporting 
mechanism. W here spatially structured data for catch and effort exist, various 
GIS-based analyses are possible that seek relationships between fishing effort and 
marine ecosystem properties.

• Fisheries management. M anagers have an overall responsibility to  sustain fish stocks 
and to  do this, they  often w ork  hand-in-hand w ith  fishery scientists. Together they 
have access to  a wide range of fisheries data. Use of GIS output allows better 
decisions to be made on factors such as closed areas, stock abundance, stock 
enhancement, marine reserve locations, fishing effort distribution and behaviour, 
and fish m ortality rates. The capability for some m anagement tasks will be greatly 
expedited w ith  a move tow ards electronic fisheries logbooks.

It is interesting to  note that Fisher (2007) does not include EAF as one of the them atic 
areas under w hich w ork  in fisheries GIS might be classified. Despite this lack of explicit 
recognition, w ithout a doubt m uch of the w ork  now  being carried out is moving in the 
direction of EAF, though perhaps this w ork  is still taking a rather narrow  view of w hat 
EAF implies. For overviews of recent GIS applications in fisheries management and 
research, the authors recom m end Fisher and Rahel (2004), N ishida et al. (2004), W right 
and Scholz (2005), N ishida et al. (2007) and M eaden (2009).

3.5 CASE STUDIES OF GIS APPLICATIONS TO FISHERY-BASED TOPICS
GIS applications in fisheries are increasing. The following four studies of some 
GIS applications were selected on the basis of the issues addressed, their ease of 
understanding, the variety of uses of GIS, the variety of data sources used in the study 
and the different geographic areas and spatial scales covered.

B.5.1 In sea rch  o f  t h e  o p t im u m  t im e  to  re le ase  ju v en ile  ch u m  sa lm o n  in to  t h e  
coas ta l  w a te r s  o f  n o r th e r n  Jap a n
W ith salmonid stocks rapidly declining w orldw ide and w ith salmon being an ideal 
species for large-scale hatchery rearing, the release of salmon directly into the coastal 
environm ent appears to  be a sensible and economic strategy. In fact, this practice has 
long been followed in Japan. M iyakoshi et al. (2007) show how, for nearly a century, 
the quantitative release of chum  salmon into the coastal waters around the northern  
H okkaido region of Japan is closely m irrored by the return of chum salmon, especially 
since the 1970s w hen releases greatly increased. This is one of the m ost successful 
m arine stock-enhancem ent program m es in the w orld. Nevertheless, the success 
rates could be greatly enhanced if an appropriate m atch could be made between a 
num ber of variables such as size of hatchlings, sea tem peratures, food availability and 
stocking densities. M iyakoshi et al. used rem ote sensing data to  establish sea-surface 
tem peratures and this was related to  the date of hatchling release and the release 
location for the period 1997 to 2001. Figure 3.2 shows the increm ental buildup of 
chum  salmon released during four tim e periods from  the beginning of A pril to  the end 
of May, 2000, w ith  the red portion  of the circles indicating the percentage of salmon 
released by the date shown. Also given are sea-surface tem peratures. The GIS-based 
analyses showed that salmon production , as indicated by  salmon returns, is m ore likely 
to  be optim ized w here sea tem peratures range from  8° C  to 13° C, and w hen juveniles 
are > 5 cm in length. This inform ation can potentially  be used to  maximize the benefits 
of future restocking operations.
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FIGURE 3.2
The location  o f chum  salm on re lease  sites  in th e  coastal w a te rs  o f 

no rth e rn  H okkaido, Japan , 2000
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Source: Reproduced w ith permission from Miyakoshi e ta / . ,  2007.

Note: The red portions of th e  location circles indicate th e  proportion of to ta l annual releases m ade by th e  date  indicated.
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B.5.2 Iden tif ica tion  o f  t h e  e sse n tia l  fish h a b i t a t  fo r  small pe lag ic  spec ies  in 
Spanish  M e d i te r r a n e a n  w a te r s
Small pelagic fish such as sardines and anchovies provide an im portant fishery along 
Spain’s M editerranean coast. Spatial abundance data obtained from  annual acoustic 
surveys were com bined w ith  environm ental data in a GIS environm ent to  generate a 
model that showed the likely optim um  relationships between abundance and location 
for both  anchovies and sardines. The m odel outcom es were then used to help define 
essential fish habitats (EFH ) for these species. The statistical m ethods used to  derive 
the EFH  are described by Bellido et al. (2008). The environm ental variables used were 
bathym etry, sea-surface chlorophyll-a and sea-surface tem peratures. Bellido et al. 
noted substantial interannual variability in the distribution and quality of the EFH , 
particularly for anchovy, and they com m ented on the im portance of assessing E FH  for 
the m anagement of the local marine resources. Figure 3.3 gives an example of the GIS 
outpu t showing the E FH  for sardines in the Spanish M editerranean waters.

B.5 .B D e v e lo p m e n t  o f  a GIS fo r  t h e  m ar in e  re sou rces  o f  R odrigues  Island
Rodrigues Island, a small island in the Indian Ocean, is located about 600 km east of 
M auritius, and like m any similar islands in the tropics, it is under pressure from  natural 
resource exploitation and increasing tourism . U ntil recently, there was a complete 
lack of structured inform ation on marine resources and this ham pered any attem pts 
at management. Since 2000, a GIS (using M aplnfo software) has been incrementally 
developed by the U niversity of Wales w ith  funding from  various aid projects (Chapm an 
and Turner, 2004). The intentions of the GIS were to  integrate data on the distribution 
of biodiversity w ith  environm ental factors controlling distributions and w ith  hum an
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FIGURE 3.3
The essen tia l fish h a b ita t fo r sard ines in th e  Spanish 

M ed ite rranean  w a te rs

Source: Reproduced with permission from Bellido e t  a/., 2008.

activities such as fishing and conservation planning measures. Biotope m apping based 
on satellite imagery and ground tru th ing was carried out for the entire lagoon area 
surrounding the island, w hich at 240 km 2 is the largest lagoon in the Indian Ocean. As 
a result of the m apping effort, 42 separate biotopes w ithin four main habitat groups 
were described, i.e. coral, consolidated limestone, lagoon mud, and sand and rubble. 
Figure 3.4 shows a satellite image of the island and the distribution of main habitat 
types in the lagoon. The GIS is linked to a relational database to  store and display 
site-based data, including biotope descriptions, photographs, species lists, illustrations 
and environm ental data. A rich variety of GIS outputs was derived and the analysis of 
some of this ou tput has helped to im prove the designation of m arine protected areas 
and other conservation measures. This GIS comes complete w ith  a detailed user’s guide 
plus a com panion docum ent that describes the GIS in detail, including the processes 
involved in developing the system and the research projects behind the data.

B.5.4 T he in f luence  o f  c losed  a re a s  o n  fish ing  e f fo r t  in t h e  Gulf o f  M aine
It has long been suggested that problem s likely to be associated w ith  establishing 
closed areas to fishing are the so-called “boundary” and “displaced effort” effects. The 
boundary  effect refers to  the likely increase in fishing effort around the boundary  of 
the closed area in response to  the greater likelihood of catching fish that spill over from  
the closed area. The displaced effort effect refers to a natural concentration of fishing 
effort in the smaller available marine space, to  the likely detrim ent of benthic habitats2.

The G ulf of Maine is a large gulf of the A tlantic O cean off the coasts of Maine, N ew  
Ham pshire and M assachusetts in the U nited  States of America. By com paring fishing 
effort distribution data for 1990-1993 (pre-area closure) w ith  effort distribution data 
for 2003 (post-area closure), M urawski et al. (2005) found that, indeed, in 2003 effort

2 F o r a m ore detailed account o f the  influences of areas that are closed to  fishing see H ilb o rn  et al. (2004).
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FIGURE 3.4
A m ap  o f R odrigues Island and  lagoon  show ing  com bined h a b ita t classes
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Source: Reproduced w ith permission from Chapman and Turner, 2004.

Note: Shown on th e  map is an overlay of th e  reserve areas as identified in Pearson (1988) and of th e  northern reserve areas 
as proclaimed by th e  Rodrigues Regional Assembly in April 2007.

had been concentrated and nearly 10 percent of total effort was deployed w ithin 1 km 
of the closed area boundaries. As is show n in Figure 3.5, this effort concentration varies 
significantly between the five closed areas, obviously reflecting different fish densities 
that relate to  habitat suitability. A n analysis of catch quantities and fishing location 
revealed that for some species some of the closed areas were having a positive effect 
and that the average revenue per hour traw led was about twice as high w ithin 4 kms of 
a closed area than the revenue generated in m ore distant locations. Revenue generation 
was, however, highly variable among closed areas and along boundaries, reflecting 
overfishing in some areas and seasonal variations in fish distributions. It should be 
noted that the inform ation dem ands to  produce this type of GIS output are very high 
and VMS location data has contributed a large portion  of the needed inform ation. A 
m ajor data problem  for m any fisheries and management authorities is the accuracy 
of catch locations, as is the case in m ost northern  European fisheries w here catches 
are only assigned to  so-called ICES rectangles, w hich measure 1 degree longitude by 
0.5 degrees latitude3.

3.6 CONCLUSIONS
In the tw o decades since CIS was first used for spatial analyses o r m apping of fisheries 
related themes, significant progress has been made. However, it is likely that progress 
has not been as significant as progress achieved in m any terrestrial CIS applications 
because of the m any challenges that face w orkers w ho try  to apply mapping

3 A pproxim ately  5 000 km 2 in m id-latitudes.
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Vessel houri

Source: Reproduced with permission from Murawski e ta / . ,  2005. 

Note: Closed areas are shaded in purple.

FIGURE 3.5
H ours o f fish ing e ffo rt by o tte r  traw ls  in th e  Gulf o f M aine, 2003

technologies to an environm ent that functions in three dimensions, and w here almost 
everything that can be m apped is constantly moving (see Section 6.4). Despite these 
and other challenges, the enthusiasm shown for GIS use by  m any fishery researchers, 
managers and organizations will ensure that GIS has a vibrant future. This future will 
be enhanced by the fact that fisheries are entering an era w hen the ecosystem approach 
to  fisheries has come to the fore and the following section will illustrate how this is 
being achieved.
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4. The role of GIS in support of 
EAF implementation

4.1 INTRODUCTION
The previous sections outlined the underlying principles and foundations of EAF and 
described the im portant role of GIS and spatially structured data for understanding 
and managing marine fisheries. The aim of this section is to  connect the tw o -  EAF and 
GIS -  in order to consider the role of GIS in support of the practical im plem entation of 
EAF. GIS will undoubtedly  play an im portant role in im proving our understanding of 
the interactions both  w ithin and between biophysical and socio-econom ic com ponents 
of marine ecosystems (Babcock et a í ,  2005; Cury, 2004). Access to  better inform ation 
and a heightened understanding of ecosystem interactions will allow managers to 
make more inform ed decisions when introducing EAF principles to  new fisheries and 
consolidating im plem entation efforts for established fisheries.

A 2008 survey of scientists and managers at the Coastal Services C enter of the 
U nited  States N ational Oceanic and A tm ospheric A dm inistration (N O A A ) provided 
insights into the role of CIS in im plementing ecosystem-based management (EBM), 
w ithin w hich EAF is a subset (N O A A  Coastal Services Center, 2008). W hen asked to 
describe the types of decision support software used for EBM, the survey respondents 
ranked custom  CIS applications as m ost useful. The survey also found that lack of 
data resources describing ecosystem processes and com ponents was the second most 
com m on barrier to  EBM implementation. W hile there is no doubt that EAF has the 
potential to be a data-hungry process, a lack of data should not be a barrier to  progress 
and EAF should proceed based on the best available inform ation (FAO, 2003).

CIS will have an im portant role to  play in providing the necessary inform ation, 
as well as in deciding an appropriate geographic scale or set of nested scales for the 
developm ent of EAF im plem entation fram eworks and m anagement plans. W hile 
setting objectives and goals should not depend on CIS and the availability of spatial 
ecosystem data (O ’Boyle et al. , 2005a), the ability to visualize and understand ecosystem 
properties and processes, and interactions between these and hum an activities, can 
potentially facilitate the process of identifying and selecting appropriate objectives. 
The design of spatial management fram eworks, such as m arine protected areas and 
zoning schemes, for delivering key operational objectives will increasingly make use 
of GIS as a core platform . H ow  management fram eworks bring about changes in 
hum an behaviour and patterns of exploitation and lead to knock-on effects on target 
and non-target ecosystem com ponents can also be better understood if management 
interventions are placed in their p roper geographic context w ithin a GIS environm ent.

GIS can interact w ith  the im plem entation of EAF processes in four ways by 
providing a platform  for mapping, modelling, management and com m unication. Each 
of these interactions is discussed in Section 6.

4.2 MAPPING IN EAF WITH GIS
O u r understanding of ecosystem properties, pressures, processes, and threats is based 
in part on our ability to place these com ponents in their true geographic context. In 
order w ords, we need a map. C urrently, our ability to generate maps of ecosystem 
com ponents is prim arily  limited by a lack of access to necessary data resources and
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this can act as a barrier to EAF implementation. As m entioned above, im plem entation 
should not be hindered by a lack of data, but certainly a basic level of data will be 
required in order to make progress. Interestingly, it seems that countries that are 
fortunate enough to  have access to  relatively com prehensive (space-time-ecosystem) 
data resources are not necessarily moving ahead w ith EA F-based w ork  as quickly as 
m ight be expected (Barnes and M cFadden, 2008). Having the data, or even not having 
the data but an idea of w hat data needs to  be collected, is not necessarily a precursor 
to  rapid progress. W hile access to  data resources can be perceived as a m ajor barrier to 
EAF im plem entation, it is likely that m any other barriers exist.

Regardless of the am ount of data resources available, tools are needed to help 
visualize, analyse and make sense of the ecosystem com ponents that the data represent 
and this is w here GIS plays a considerable role at a basic but very fundam ental level. 
The following discussion focuses on some of the m ajor themes regarding data that are 
needed for EAF im plem entation and the role of GIS as a too l to help understand and 
visualize the ecosystem com ponents that the data represent.

4.2.1 Ecoregions
As described in Section 2.3, a first step tow ards EAF im plem entation consists in 
a scoping exercise, during w hich a decision is made on an appropriate geographic 
area w ithin w hich EAF m anagement plans can be developed. The area will typically 
comprise a relatively discrete ecosystem or “ecoregion”, the scale of w hich depends on 
the fishery/fisheries for w hich management plans are to be developed. W here sufficient 
inform ation exists, defining ecoregion boundaries should be based on an understanding 
of the distribution of biogeographic and oceanographic processes bo th  w ithin the 
ecoregion and across a w ider area and should where possible take account of existing 
political, social, economic and management divisions (ICES, 2005). By definition, an 
ecoregion comprises sites whose biogeographic and oceanographic characteristics are 
greatly similar. Variability in the key param eters of interest among sites w ithin an 
ecoregion w ould, therefore, be expected to  be smaller than variability in those same 
key param eters among ecoregions.

A num ber of global-scale ecosystem classifications exist and can be used as a broad 
fram ew ork for regional ecoregion characterizations, notably those of Longhurst 
(1998) and Hem pel and Sherman (2003), and m ore recently those of Spalding et al. 
(2007). Characterizations for smaller sea regions are also underw ay or have been 
com pleted in recent years (ICES, 2005; O ’Boyle and Jamieson, 2006; D ay et a í ,  2008). 
Ecoregions recently proposed at the European scale are show n in Figure 4.1. In all 
instances, a central requirem ent for defining ecosystem boundaries is access to  spatial 
inform ation on ecosystem com ponents. U nderstanding ecosystem processes and their 
spatio-tem poral variability, and defining boundaries between ecoregions can be greatly 
facilitated if ecosystems are visualized in their p roper geographic context, preferably 
w ith in  a GIS environm ent.

4.2.2 Species
O nce an ecoregion or a subset thereof has been defined for the developm ent of an EAF 
management plan, descriptions are needed of the species -  both  target and non-target 
-  that occur w ithin its boundaries. D escriptions should preferably be accompanied by 
maps showing the spatial distribution and, where possible, the abundance of adults and 
areas of critical life stages, such as spawning areas and nursery grounds. If im portant 
species are found to occupy only a p roportion  of the ecoregion o r are found to  migrate 
across the ecoregion’s boundaries, some spatial redefinition of the ecoregion might 
be required, either by m odifying the boundaries or by generating smaller subunits 
(Babcock et al., 2005).
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FIGURE 4.1
Proposed  eco reg ions fo r th e  im p lem en ta tion  of EAF in 
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Source: CES, 2005.

Species distributions can be m apped w ithin a GIS environm ent using fisheries 
independent survey data and can be depicted as presence only, presence-absence or 
relative abundance, depending on the type of catch data and the efficiency w ith which 
the gear captures the particular species life-history stage. There are probably  only a few 
ecoregions in the w orld  w here marine species distributions can be represented w ith 
any real confidence using direct observations from  fisheries independent surveys. M ost 
areas will suffer from  a severe lack of independent data and thus m ay need to  rely more 
heavily on fisheries dependent data (commercial or artisanal), despite their inherent 
biases and often p o o r relationship to  actual patterns of distribution and abundance that 
are know n to exist (M aunder and Punt, 2004).

As an alternative, species distributions can be predicted using one o r m ore of the 
m any numerical m ethods designed to estimate the presence o r abundance of a species at 
locations w here no observations have been made. This relatively m ature area of research 
can be overwhelming for the uninitiated (for a relatively concise, comprehensive and 
recent review see A ustin, 2007). Fortunately, a num ber of online and offline, semi­
autom ated GIS-based tools are becoming available that simplify some of the decision­
making processes. For example, the recent launch of the online AquaM aps4 global 
system of species distribution prediction m odelling from  presence data represents a 
significant step forward, having autom ated a num ber of key routines while providing 
users w ith full control w here needed of param eters affecting the potential distribution 
of one species (Kaschner et al., 2007) (Figure 4.2). These and similar systems have the 
potential to  provide coarse resolution distribution maps to  managers and scientists 
w ho need to  make progress w ith  EAF im plem entation but w ho lack species data, 
particularly for non-target species.

4 Available at w w w .aquam aps.org

http://www.aquamaps.org
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FIGURE 4.2
A pred ic ted  d is tribu tion  o f chub m ackerel (Scom ber japonicus)

Source: From th e  AquaM aps server (www .aquam aps.org) based on occurrence data  from Fish B ase (www.fishbase.org). 
The map is reproduced with permission from R. Froese, Leibniz Institute of M arine Sciences, Germany.

Note: The map has n o t undergone expert review so it may contain errors.

In the absence of data, or if there is reluctance to use complex model algorithms to 
predict distributions, expert judgem ent can be used. Despite technological advances 
and new research outcom es, expert-derived maps of species distributions can often 
prove just as reliable, o r even m ore so, than mathematical predictions (Yamada et al., 
2003).

A n example of the use of expert knowledge com bined w ith  species habitat 
preferences is the collection of aquatic fishery resource distribution maps available from  
the FA O  Web site5. W hile the maps only represent a snapshot of the distribution of a 
species (Figure 4.3), averaged across several years of observations, expert knowledge 
maps such as these have been used successfully in defining hotspot zones of biological 
richness and vulnerable habitats (C arpenter and Springer, 2005).

FIGURE 4.3
The d is tribu tion  o f chub m ackerel (Scom ber japonicus)

Source: From th e  FAO Fisheries and A quaculture D epartm ent species distribution maps based on expert know ledge and 
hab ita t preferences.

5 Available at w w w .fao.org/fishery/collection/fish_dist_m ap/en

http://www.aquamaps.org
http://www.fishbase.org
http://www.fao.org/fishery/collection/fish_dist_map/en
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4.2 .B H ab ita ts
K now ing w here critical o r sensitive habitats occur is key to  successful EAF 
implementation. A suite of instrum ents, m ethods and processes are available for 
constructing maps of sea-bed physical and biological features over different spatial 
scales and resolutions (G reen et al., 2000; K enny et a l ,  2003). The choice of instrum ent 
and platform  to use will depend upon the type of environm ent, the optical penetration 
of the water, the resolution required and, probably  m ost importantly, the level of 
financial resources available. H abitat m apping can be a very expensive process and m any 
countries, including those countries that are relatively wealthy, do not have sufficient 
resources to  generate comprehensive descriptions of their sea-floor environm ents using 
direct observation techniques at a resolution suitable for management. H abitat maps 
as well as maps of species distributions can be generated using prediction m ethods 
that rely on numerical m ethods or expert judgem ent or a com bination of the tw o (e.g. 
Eastw ood et a l ,  2006).

The m ethods used to  generate ecoregion maps follow similar principles in that 
a certain level of prediction is needed to assess ecosystem variability across a range 
of different spatial scales and to  use this inform ation to  define boundaries between 
ecoregions.

W ith reference to m ethods that produce habitat maps using prediction m ethods, 
one striking example is the Benthic Terrain M odelling (BTM) system  created 
by the D epartm ent of Geosciences at O regon  State U niversity  and N O A A ’s 
Coastal Services Center. As 
described in Iam pietro and 
Kvitek (2002) and Rinehart 
et al. (2004), the benthic 
terrain classification process 
(F igure 4.4) developed 
for the BTM builds upon 
several processes of existing 
m ethods used w ith in  the 
terrestria l and sea-floor 
m app ing  co m m u n itie s  
(W right et aí., 2005).
A central them e of the 
process is the creation of 
bathym etric position index 
(BPI) data sets through a 
n e ig h b o u rh o o d  analysis 
function. Positive, negative 
o r near-zero  values of 
BPI can reveal ridges, 
depressions o r flat area 
occu rrences, p ro v id in g  
BTM users w ith  a useful 
param ete r fo r te rra in  
classification. A dditional 
outputs created by the BTM 
include slope, rugosity,and 
stan d ard ized , classified 
benthic terrain data sets.

In  tro p ica l w aters, 
satellite and a irc raft- 
m ounted  optical sensors

FIGURE 4.4
A graphical dep iction  o f th e  process u tilized  by th e  Benthic 

Terrain M odelling system
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Source: From www.csc.noaa.gov/products/btm/. Used w ith permission from W right e ta / . ,  2005.

http://www.csc.noaa.gov/products/btm/
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can generate synoptic maps of nearshore and shallow w ater marine habitats w ithout 
extensive and expensive in situ sampling. A lthough of relatively low resolution, 
imagery from  the Landsat program m e is now  being made available free of charge6 and 
can be pu t to m any uses in relation to EAF implementation. For instance, Fandsat 
images coupled w ith spatial analysis and underw ater sight surveys have been used to 
estimate reef habitat area of H um phead wrasse (Cheilinus undulatus) in Indonesia, 
M alaysia and Papua N ew  Guinea in order to  evaluate the non-detrim ental volumes 
of species catches, and in tu rn  the am ount of exports. (O ddone et al., in preparation). 
H igher resolution imagery, while m ore expensive, is still relatively cheap com pared 
w ith  the high cost associated w ith  ship and aircraft surveys and, through cooperative 
efforts, is in some cases being released free of charge to non-profit and public sector 
organizations (Kark et al., 2008).

To produce a habitat map from  a satellite image, the data contained in the image 
need processing to generate a set of habitat descriptions. The global-coverage coral 
reef maps and descriptions generated from  Fandsat imagery by A ndréfouët et al. 
(2006) could potentially  be input directly to  EAF management plans by countries 
that might otherw ise not have the means o r ability to generate maps of their own. 
Similar initiatives at the regional o r global scale for o ther im portant marine habitats 
such as seagrass beds, seamounts and cold-w ater corals, w ould also be of value to EAF 
practitioners (Kitchingm an and Fai, 2004; W abnitz et al., 2007; T ittensor et a l ,  2009).

W hile there is still no universally agreed system of classifying habitats, it is arguably 
m ore im portant to  classify habitats using a scheme that is understandable to  the people 
involved in the EAF process. This is probably  m ost im portant w hen rural communities 
are the principal stakeholders, as non-vernacular descriptions will have little meaning. 
H abitat maps generated in partnership w ith  local knowledge of the marine environm ent 
have the potential to  be m ore readily accepted by the people w ho interact w ith and rely 
on the resources described by  the maps (Fauer and Aswani, 2008). A participatory 
approach using com m unity-based knowledge is critical to  im plem entation success.

4.2.4 H um an  ac tiv ities
Patterns of exploitation by commercial, artisanal and to some extent subsistence 
fisheries need to be better understood to  allow assessments of impacts on target and 
non-target species and habitats and to set appropriate objectives for management w ithin 
an EAF fram ework. The movements of the large commercial vessels are increasingly 
being m onitored by w ay of autom ated systems of regular satellite positioning know n 
collectively as VMS. Various fishery-specific rules have been developed to discriminate 
vessel behaviour, principally between fishing and non-fishing activity, and to separate 
satellite-derived locations into these tw o groups so as to  identify fished locations 
(Deng et a í ,  2005; Mills et a í ,  2007).

The m ajority of fishing vessels in the w orld  are not, however, m onitored using 
sophisticated VMS. For these vessels, patterns of fishing activity will need to  be mapped 
using alternative techniques, either based on numerical rules, fishers’ knowledge o r a 
com bination of the tw o (C addy and Carocci, 1999; Close and Brent Haii, 2006). 
Patterns of fishing activity can be m apped from  logbook data, although the spatial 
resolution used by m any official logbook schemes is often considerably low er than 
m ight be suitable for EAF management (Jennings et al., 1999; Bellman et a l ,  2005). In 
the absence of logbooks and VMS data, understanding w here fishers fish can only be 
achieved through the use of fishers’ knowledge. Regardless of the source of data used 
to  develop maps of fishing grounds and patterns of activity, the involvement of fishers 
in the process is critical and very m uch in keeping w ith  an underlying principle of EAF, 
w hich is to prom ote active engagement am ong key stakeholders.

6 Available at h ttp ://landsat.usgs.gov/

http://landsat.usgs.gov/
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Fishing is not the only source of pressure on the marine environm ent. M ineral 
extraction, shipping, renewable energy facilities, pollution from  land-based sources 
and m any other sources exert different pressures at different levels. All activities that 
create pressures and impacts w ith in  the region w here EAF is being im plemented need 
to be visualized and quantified in some way. A num ber of studies have dem onstrated 
how assessments of pressure from  the m ajority of key marine sectors can be generated 
w ithin a GIS environm ent at both  global and regional scales (Eastw ood et al., 2007; 
Ban and Alder, 2008; H alpern et a l ,  2008a) (Figure 4.5). To allow comparative 
assessments of the levels of pressure caused by different hum an activities, com m on 
metrics need to be developed based on the types of pressure that are caused rather 
than the activities that cause them. Evaluation fram eworks can then be used to rank 
the relative im portance of different pressures on different habitats (Chuenpagdee et a l ,  
2003; H alpern et a l ,  2007).

FIGURE 4.5
M aps o f th e  w a te rs  a ro u n d  E ngland and  W ales show ing  th e  overall 

spatia l e x te n t o f m ajor p ressu re  ty p es , 2004
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Source: Reproduced from Eastwood e t  a!., 2007. © Crown copyright.

Note: Maps show  th e  overall spatial ex ten t of each of six major pressure types in term s of th e  proportion of sea bed 
affected w ithin grid cells of 2x2 nautical mile resolution. Circles have been draw n on th e  m ap o f abrasion to  draw  atten tion  
to  th e  th ree  small areas w here this pressure occurred in 2004.
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FIGURE 4.6
S ta te  ind icators o f an  ecosystem  in th e  N orth Sea
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4.2.5 Ind ica tors
The use of indicators to  m onitor 
progress against objectives is 
central to EAF im plementation. 
In  general, ind icators are 
spatially  aggregated m etrics 
that track trends in one or more 
ecosystem com ponents, w hether 
ecological, social or economic. 
In this way, indicators can be 
used to  assess the effectiveness 
of management tow ards agreed 
objectives and to com municate 
inform ation in relatively simple 
term s to  stakeholders in the 
ecosystem  (Jennings, 2005). 
C o m m u n ica tio n  in sim ple 
term s is critical, as a lack of 
understand ing  by  the m any 
stakeholders w ill reduce the 
efficacy of the indicator as a 
means to  trigger managem ent 
action (Degnbol, 2005).

A large body of research 
literature exists on indicators 
and covers their development, 
evaluation, optim al properties 
and guidance for their selection 
from  a suite of possibilities 
(Jennings, 2005). As indicators 
are typically spatially aggregated 
metrics, they are not necessarily 
considered to  have explicit spatial 
p roperties. The construc tion  
of indicators does, however, 
in m any cases rely on spatial 

data regardless of w hether the final m etric has a spatial com ponent. Relatively few 
indicators have been constructed and represented in a spatially disaggregated form  w ith 
the assistance of GIS functionality (see Fréon et a l ,  2005, and H iddink  et al., 2006b), 
probably  because of the relatively high data requirem ents and model complexity 
involved in their estimation. Indicators that can be m apped have the advantage that 
they  can be visualized in their true geographic context. This m ight increase the 
likelihood that the indicator is understood by non-specialist stakeholders and so might 
be associated w ith  a higher degree of acceptability. For example, com pare Figure 4.6 
w ith  Figure 4.7 (Section 4.3.2), both  of w hich were generated by the same study of 
H iddink  et al. (2006b) but w here the graphed output in Figure 4.6 was created by 
spatially aggregating the inform ation used to generate the m apped output in Figure 
4.7. Both outputs can be interpreted relatively easily. However, it could be argued that 
the inform ation in Figure 4.7 could m ore easily feed into decision-m aking due in part 
to  the higher degree of spatial disaggregation and its m apped representation, allowing 
com parisons w ith  the hum an activities to be managed, in this case fishing w ith  sea­
bed traw l gear. Developing indicators that can be m apped at a resolution suitable for 
management decisions should be a future goal for the research community.

Source: Reproduced from Hiddink e ta / . ,  2006b.

Note: Indicators w ere developed after a single traw l pass fo r 
(A) benthic  biom ass and (B) benthic production .
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FIGURE 4.7
An exam ple  o f th e  in teg ra tio n  o f GIS in to  a m odel o f th e  N orth Sea 
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Source: Modified from Hiddink e t  ai., 2006b.

Note: (A) Trawling intensity calculated from VMS records in th e  Dutch and United Kingdom sectors o f th e  North Sea. (B) 
Recovery tim e of benthic community biomass a fte r  a single trawl. (C) Recovery tim e of benthic community production 
afte r  a single trawl.

The cost of collecting the data needed to  generate the m ajority of indicators of the 
state of an ecosystem is relatively high. In resource p o o r situations, relatively simple 
pressure indicators can be used, such as fleet size, fishing m ortality  and effort, or catch 
and discard rates (Piet et a í ,  2007). Simple indicators such as the percentage of m ature 
fish, fish of optim um  length o r highly fecund fish in the catch could also be used 
(Froese, 2004). GIS m ay have a m ore limited role to play in these situations because, 
to have any meaning in tracking trends at the level of the fish population, the indicator 
m ight need to  be constructed by aggregating spatial data across a w ide geographic area. 
However, GIS can still be used to help understand spatial patterns and variability in the 
data p rio r to spatial aggregation and in so doing m ay help to  interpret any trends in the 
population that m ight be suggested by the indicator.

4.2.6 M a n a g e m e n t  re g u la t io n s
If m odern systems of fisheries m anagement relied on GIS (which they rarely if ever 
do), one of the most im portant requirem ents w ould be to  secure up-to-date and 
accurate geographic representations of management regulations. A lm ost all fisheries 
regulations apply to  defined geographic areas and act to  restrict operations in some 
w ay  Regulations can apply to  the entire marine management area though some, such 
as local by-laws or com m unity agreements, cover m uch smaller spatial areas. The only 
difference between such regulations, aside from  the fishing operations they target, is 
the spatial scales over w hich they apply

O ne m ight w onder w hy so m any countries and regions w ith long histories of 
fisheries exploitation and relatively m ature systems of f ishery research and management
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have generally not invested in the time and resources needed to visualize the entirety 
of their management regulations on a map, preferably a digital one. Such is the case of 
Europe, in whose waters some of the w orld ’s m ost highly regulated fisheries operate. 
The inability to  visualize the full set of management regulations and the com plexity of 
the management system in general means that few people can fully understand it. If the 
people directly involved in the fisheries are unable to see the full picture of the rules and 
regulations under w hich they operate, one of the most fundam ental principles of EAF 
has been broken, nam ely that systems of governance should ensure both  hum an and 
ecosystem well-being and equity (FA O, 2003). E quity  is difficult to  achieve when the 
system of governance is too  complex for fishers, let alone other m arine stakeholders, 
to  understand.

GIS is now  so w idely accessible that there is no reason w hy  this situation could not 
be improved, regardless of the size or com plexity of the fisheries under management 
control. M anagement m ay not necessarily im prove substantially if regulations were 
held w ithin a spatial database but at least an opportun ity  w ould be created for a 
w ider range of stakeholders to be inform ed, engage, and provide inputs to  new and 
potentially  simplified regulatory systems.

4.3 MODELLING IN EAF WITH GIS
By far the m ost com m on use of GIS in fisheries is to  generate maps from  fisheries 
survey data to  understand distributions of effort, target species, bycatch and discards in 
relation to one another and to  environm ental features. However, GIS can also be used 
as a tool for the construction of models designed to  accom m odate the spatial structure 
of the input data and generate geographically referenced m odel outputs. Below some 
of the interactions between GIS and m odelling applications of relevance to EAF 
im plem entation are outlined.

4.3.1 Spatial s to ck  a s s e s s m e n ts
Traditional form s of fisheries management, albeit under new guiding principles, will 
remain a core com ponent of EAF in m any parts of the w orld  and for m any years to 
come. In that sense, the expected paradigm  shift from  single-species assessments to  more 
holistic ecosystem considerations will be an evolutionary process for the vast m ajority 
of fisheries (Francis et al., 2007). Ecosystem -based fishery management will require 
us to  take a more spatially disaggregated view and make decisions at a higher spatial 
resolution, whereas traditional fisheries assessment m ethods are typically based on a 
higher spatial aggregation. Single-species stock assessment m ethods, the cornerstone of 
m odern systems of fisheries management, operating at “stock level”, tend to  disregard 
the w ell-know n spatial heterogeneity w ithin the area of distribution of the stock. The 
basic assum ption in conventional fishery science is that the relations used are acceptable 
as long as the stock or the fishery (or both) are random ly distributed (Ricker, 1975). 
As a consequence, assessments are conducted as if the fishery, environm ental and 
biological processes w ithin the presupposed geographic boundaries of the stock were 
spatially hom ogenous. Population variables (growth, age/size frequencies) and the 
environm ental conditions they are associated w ith  as well as fisheries param eters (e.g. 
catchability) are, therefore, pooled spatially. GIS com bined w ith  spatial statistics are 
now  able to  deal m ore explicitly w ith  the spatial heterogeneity inherent in population 
dynamics and environm ental conditions, allowing for population models to be 
constructed at a greater level of spatio-tem poral disaggregation and for the spatial 
variability of environm ental param eters to  be incorporated. A  shift to  a m ore detailed 
spatial resolution in traditional fisheries assessment m ethods will facilitate EAF 
im plementation.

Estimating stock size is central to  the current system of allocating catch quotas and 
will likely remain central in form ulating management options under an EAF in m any
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regions. M ethods designed to  im prove estimates of stock abundance by  taking spatial 
structure into account m ore explicitly can be separated into tw o general categories: 
statistical m ethods that are spatially explicit and m ethods based on non-spatial statistics.

Spatially explicit m ethods generally centre on a branch of statistics know n as 
geostatistics, w hich at a basic level attem pt to  account for any spatial structure in the 
process being estimated. Geostatistical techniques have been particularly successful 
in im proving estimates of fish population abundance from  acoustic data (Rivoirard et 
a í ,  2000). A  variety of geostatistical techniques are now  available w ithin standard GIS 
software, increasing the opportun ity  to  make use of advances in these m ethods w ithin 
stock assessment fram eworks.

The use of non-spatial statistical m ethods for improving estimates of abundance is 
relatively m ature (Venables and D ichm ont, 2004). The application of these m ethods is 
often aimed at standardizing catch and effort data for the purpose of generating indices 
of abundance and not specifically aimed at accounting for spatial variability (M aunder 
and Punt, 2004). These and other m ethods designed to  uncouple spatial processes 
from  environm ent-driven patterns in distribution have the potential to  provide more 
realistic assessments of the error associated w ith  abundance estimates (N ishida and 
Chen, 2004), w hich helps make clear w here the causes of uncertainty lie. They m ay also 
offer greater insights into the factors causing changes in the geographic distribution 
and environm ental preferences of m arine fish (Booth, 2004), which is becoming very 
topical in relation to climate change and its impacts on aquatic ecosystems. Dealing 
m ore effectively w ith  uncertainty and understanding the environm ental drivers of 
change in fish populations will provide direct benefits w hen form ulating management 
options under an EAF.

4.3.2 Ecosystem  in te rac t io n s
Ecosystems are complex. U nderstanding interactions between ecosystem com ponents, 
especially those w ith w hich humans interact, is essential to EAF implementation. There 
are a growing num ber of models designed to  help make sense of ecosystem com plexity 
and to understand the effects of hum an interactions (Plagányi, 2007; Travers et a í ,  
2007). W hile some of these models can accom m odate spatial data and in tu rn  generate 
m apped outputs, none of them  are able to  interact or make explicit use of data and tools 
available in a GIS. It could be argued, therefore, that GIS will have a limited role to 
play in the developm ent and operation of ecosystem models. However, the current lack 
of integration into GIS is p robably  m ore a reflection of a separation in developm ent 
pathways: ecosystem models are generated through scientific research and are designed 
to meet highly specific needs, whereas advances in GIS functionality are more general 
in scope and designed to  meet com m on requirem ents across a broader and somewhat 
divergent set of user needs.

Convergence between GIS and ecosystem models might greatly contribute to 
EAF im plem entation in areas that are highly regulated and com prise m ature fisheries. 
To this end, spatial considerations are playing an increasingly im portant role in the 
developm ent of ecosystem modelling approaches (Plagányi, 2007). O ne area tow ards 
w hich efforts could initially be directed is the level of interoperability between the 
various software applications designed to  operate ecosystem models and GIS software, 
in particular w ith  the exchange between the tw o of georeferenced data. This w ould 
provide ecosystem modellers w ith  access to the growing volumes of physical, chemical, 
biological and socio-econom ic data held in com m on spatial data formats, data which 
are readable by GIS but are not interoperable w ith  ecosystem models. It w ould 
also allow model outputs to feed into broader ecosystem visualizations w ithin GIS 
environm ents and by doing so facilitate com m unication w ith  non-specialists.

O ne of the most popular ecosystem models w orldw ide is Ecopath w ith  Ecosim 
(EwE), w ith  the Ecospace model providing the spatial com ponent (Pauly et a í ,  2000).
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C urrently, Ecospace operates w ithin its ow n spatial environm ent and is generally 
unable to interact w ith  GIS and standard georeferenced data but in the near future, it 
is expected that Ecospace and GIS will be able to interact (V. Christensen, University 
of British Colum bia, personnel com m unication). Integration into CIS is happening 
elsewhere. For example, H iddink  et al. (2006b) dem onstrate how  a size-based model 
of the N o rth  Sea benthic com m unity could integrate into CIS to  estimate the effects 
of fishing on production  and biomass at a relatively high degree of spatial resolution 
(Figure 4.7). It is likely that interaction between ecosystem models and CIS will 
increase over time, allowing m odel outputs to be viewed alongside a broader set of 
ecosystem com ponents, both  hum an and environmental.

4.3.3 MPA p la c e m e n t  a n d  des ig n
M arine protected  areas (MPAs) are increasingly advocated as an im portant tool for 
fisheries management. W hile debate continues over the efficacy of MPAs com pared 
w ith  traditional forms of m anagement (Kaiser, 2005; Jones, 2007), there is little doubt 
that MPAs of some description will form  a central com ponent of EAF management.

CIS can facilitate the design and placem ent of MPAs in support of EA F in a num ber 
of different ways. A t the m ost basic level, CIS can help m any stakeholders to visualize 
and better understand the spatial interrelationships between ecosystem com ponents 
and the M PA designed to preserve or protect them. As discussed earlier, CIS can also 
help to map and m odel the distribution of m any of the ecosystem com ponents, both 
hum an and biological, needed to design and locate MPAs.

CIS can also provide a mechanism to visualize M PA placem ent scenarios constructed 
using specialist models and algorithms. The Ecospace m odule of Ecopath w ith  Ecosim 
is designed to assess the w ider ecosystem implications of M PA placem ent by predicting 
changing patterns of biomass w ithin an ecosystem resulting from  different patterns 
of exploitation caused by MPAs. The reserve selection software M arxan (Ball and 
Possingham, 2000) is another popular tool used for M PA design and placem ent but 
it operates under a very different set of principles to Ecospace. W ith Marxan, near- 
optim al M PA configurations are selected algorithm ically in order to  meet a predefined 
set of nature conservation targets, such as the p roportion  of a population  that needs 
to  be conserved w ithin a particular ecoregion (Figure 4.8). The outcom es of M PA 
placem ent cannot be assessed via Marxan, its main function being to  select MPAs from  
a set of possibilities. A lthough the developm ent of M arxan was stimulated in part by 
those people seeking solutions to M PA placem ent for nature conservation objectives 
as opposed to meeting fisheries targets, M arxan can generate M PA scenarios that take 
account of fishing opportunities and w hether these opportunities might be lost or 
gained by particular design configurations (Lynch, 2006; R ichardson et a í ,  2006).

O ne of the strengths of both  Ecospace and M arxan is that they  allow a range of M PA 
netw ork scenarios to  be explored and visualized so that the stakeholders m ay consider 
a variety of options. W ithin an EA F fram ew ork, strong engagement by stakeholders 
is critical to facilitating com m on agreement and finding w orkable solutions that are 
broadly acceptable to  society. The interaction between CIS and M PA m odelling tools 
also allows non-specialists to better understand the quality of the input data describing 
conservation features and hum an use of the sea, and where gaps in inform ation exist. 
M PAs designed w ith broad agreement on the quality and coverage of data being used 
as input to  M arxan and other M PA modelling tools potentially  stand a m uch better 
chance of achieving broad acceptability (Smith et a í ,  2009).

4.3.4 Fishing vesse l  m o v e m e n t  a n d  b eh a v io u r
To maintain or increase catch rates and respond to  changing patterns of fish abundance, 
fishers adopt a variety of different strategies, such as exploiting alternate fishing grounds, 
m odifying or switching their gear, or deploying their gear in a different way. Fishing
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behaviour is also influenced by 
the  p revailing  m anagem ent 
regulations. W hen new regulations 
are introduced, fishing behaviour 
changes in an attem pt to maintain 
high catch rates. O ne of the 
prim ary arguments against MPAs, 
w hich are designed to  p ro tect 
species w ithin their boundaries by 
excluding certain fishing methods, 
usually bo ttom  trawling, is that 
fishers will be forced to  switch to 
alternative grounds (H ilborn  et 
aí., 2004). Shifting fishing effort 
to new areas m ay assist recovery 
inside the M PA but it could also 
lead to a net degradation of the 
w ider ecosystem  if the new ly 
exploited grounds were previously 
unexp lo ited  o r on ly  ligh tly  
exploited p rio r  to  the M PA’s 
in tro d u c tio n . U n d e rs tan d in g  
patterns of exploitation, fishing 
behaviour and the w ay behaviour is 
modified through the introduction 
of new  fisheries m anagem ent 
regulations is, therefore, critical 
to EAF im plem entation (Kaiser,
2005).

U nderstanding  fishing vessel 
m ovem ent and behaviour and 
how these are modified as a result 
of newly introduced management 
actions, such as the creation of 
MPAs, lends itself to  investigation 
w ithin a GIS environm ent. A t the simplest level, data from  logbooks o r VMS can be 
m apped and sum m arized both  before and after the im position of the regulation to 
observe w hether exploitation patterns have been m odified (e.g. M urawski et al., 2005). 
This inform ation can then be used to  infer the behavioural changes that might occur 
if similar management measures were introduced elsewhere. If fishing is considered 
analogous to  predator foraging, observed fishing patterns can also be com pared 
alongside theoretical models of foraging behaviour to  assess the degree of conformity. 
This might help to im prove understanding of the processes driving fishers’ behaviour 
and fishing location choice (e.g. Bertrand et al., 2005).

Empirical models that summarize the economic imperatives of the fishery (i.e. 
maintain or increase catch rates) can also be instructive in explaining and predicting 
behavioural patterns (e.g. H u tto n  et a l ,  2004; Figure 4.9). The real pow er of these 
models comes from  their ability to predict the effects of management scenarios such 
as closed areas on ecosystem com ponents o ther than the target stock. H iddink  et al. 
(2006a) provide an example of how  this can be achieved by coupling an economic 
choice m odel describing the behaviour of beam trawlers to a model of the N o rth  Sea 
benthic com m unity, one based on organism size.

FIGURE 4.8
A m ap o f th e  Irish Sea show ing  existing  MPAs and  n ew  areas 

se lec ted  by M arxan so f tw a re  to  m ee t n a tu re  
conservation  ta rg e ts

L ag en d
Nm ipkiclrd 
Sefeded

Source: Reproduced with permission from Lieberknecht e t a i, 2004.

N ote: M PAs are m arked as “ Locked in ” on the map.
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FIGURE 4.9
An exam ple  o f an  em pirical m odel th a t  pred icts ch an g e  in a flee t's  

fish ing e ffo rt a s  a resu lt o f a rea  closure
Ét it  ta »  rt pi pi p i pi r i pi ir  Pi

Source: Reproduced w ith permission from Hutton e ta / . ,  2004. © Crown copyright

Note: (a) Distribution o f fishing effo rt of English beam trawlers in th e  North Sea in April 2000. (b) Predicted 
distribution of effo rt in April 2001 as a result of th e  imposition of an areas closure and based on a model designed 
to  estim ate flee t dynamics, (c) Observed distribution o f fishing effo rt for th e  same flee t in April 2001.

The Ecopath suite similarly allows exploration of management scenarios on fleet 
behaviour and subsequent effects on ecosystem com ponents (Pauly et a í ,  2000). 
Im proving the spatial resolution of ecosystem models and integrating them  into fishing 
m ovem ent and behaviour models, preferably w ith in  a GIS environm ent o r at least 
capable of GIS integration, will be an im portant area for future m odel development.

4 .4  MANAGEMENT IN EAF WITH GIS
A lthough fish populations and the fisheries that exploit them  operate w ith in  
geographical space, fisheries management inform ation technology systems rarely make 
comprehensive use of GIS. This is unfortunate given the pow er of GIS to improve 
our understanding of spatial processes and interactions. The process of fisheries 
management does, however, make use of GIS albeit in a piecemeal way. All the issues 
highlighted above, from  m apping fish distributions to m odelling the effects of new 
management measures on ecosystem attributes, require the use of GIS or could benefit 
from  them  and can individually and collectively feed into EAF forms of management. 
GIS is unlikely to  be used to  perform  stock assessments or as an environm ent to  run 
ecosystem models, at least not in the short term. The outcom es of such models can 
nevertheless be m ore easily interpreted and, therefore, better understood by managers 
and non-scientists if viewed w ithin a GIS environm ent alongside a m ore complete 
range of ecosystem attributes such as benthic biodiversity, w ater colum n productivity  
and pressures from  hum an activities.

M ultiple, com peting uses for m arine ecosystems and their services, and the impact of 
changing environm ental drivers, require that ecosystem-based management and related 
spatial management measures be responsive and adaptive. Innovative GIS technologies 
and m apping are then required to  address the a) status and variability of ecosystems, 
b) the spatial distribution of ecosystem services, c) the ecosystem vulnerability to 
environm ental drivers and hum an use, and d) changes in hum an activities, and socio­
economic and social features.

There are tw o areas w here GIS will undoubtedly  play an increasingly pivotal 
role: integrated marine management and planning, and fisheries m onitoring and 
enforcement.
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4.4.1 In te g ra te d  m ar in e  m a n a g e m e n t  a n d  p lan n in g
Fisheries management systems in areas w ith  a long history  of commercial fishing can 
often be highly complex. Spatial regulations govern w ho can fish where, w hat gear 
can be used, w hat fish can be landed in w hat size range, w hat has to  be th row n back 
and w hat o ther m arine sectors (oil, gas, recreation, shipping) are also perm itted to 
exploit in the same sea space. The spatial scales over w hich management regulations 
operate largely reflect jurisdictional boundaries and to a lesser extent reflect the 
scales over w hich the target resources are thought to  occur. For im plem entation of 
EAF, management boundaries m ay need to  be redefined, as m atching the scale of 
management to the scale of the ecosystem com ponents to  be managed will be an 
im portant goal (FAO, 2003). Thus, while revised systems of fisheries management will 
continue to  operate over multiple spatial scales, boundaries need to be m ore compatible 
w ith the ecosystem being managed. In a multiple-scale EAF fram ework, objectives 
will also need to be nested and com patible across scales (O ’Boyle et a í ,  2005a), and be 
matched by cross-scale linkages in fisheries governance (Degnbol and W ilson, 2008).

Reconciling these scale issues will require a greater emphasis on integrated marine 
management and planning, m ore so than there has been in the past. In m any ways, 
EAF can be considered a subset of integrated management by dealing specifically 
w ith fisheries issues but being m indful of the w ider need for full integration into 
the management of o ther sectors. M ature systems of fisheries management are 
already complex structures; integrated management will potentially  make matters 
m ore complex. It is here that GIS can provide some benefits by helping to  visualize, 
understand and reconcile scale issues. GIS cannot provide the answers, but being able 
to visualize a complex web of management boundaries, and the ecosystem com ponents 
they are directed towards, can encourage dialogue and facilitate w ider stakeholder 
participation in the planning process.

GIS can also bring benefits to proposed systems of integrated marine management 
based on zoning and spatial allocation. U nder a zoning scheme, access to  each zone 
w ould be actively managed in order to prohibit some activities while allowing other 
activities in such a w ay as to ensure that objectives for the entire zoned area were 
met (H alpern et al., 2008b). For example, zones could be specified as extraction free, 
e.g. no-take for fisheries, aggregates, minerals, o r could perm it one o r m ore of these 
activities if the impacts to  the ecosystem com ponents found w ithin the zone were 
deemed acceptable and did not com prom ise objectives for the zone itself or for the 
w ider zoned area. W ithin zones, extractive activities such as fishing could be further 
regulated based on the finer scale distribution of ecosystem com ponents w ith  specific 
sensitivities to different fishing gears (Jennings and Revill, 2007). In this type of scheme, 
a zone allocated for extractive use could be further subdivided into blocks, w ith  access 
to individual o r groups of blocks being regulated based on the habitat it contained and 
the degree of sensitivity to  the various extractive m ethods it might be subject to.

Allocation of access rights to blocks w ithin zones based on assessments of levels 
of impact has been the norm  for the m ajority of offshore extractive industries (e.g. 
oil, gas and aggregates) for m any years. The one exception is fishing7. Reconciling this 
management dichotom y will be critical to  the success of EAF and is an area where 
GIS can bring real benefits. O n ly  w ith  the use of GIS can zone-block scenarios be 
visualized alongside the full range of hum an activities and ecosystem com ponents that 
fall w ithin the m anagement scheme. Developing and testing zoning scenarios might 
be perform ed using more specialized software but the outputs visualized in GIS will 
encourage dialogue and discussion among a broader range of stakeholders on the 
acceptability of any proposed scheme.

7 In  a lim ited num ber of countries o r regions Territorial U se R ights in  Fisheries (TU R Fs) are allocated 
am ong coastal fishers (Christy, 1982).
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In order to develop a zoning plan, new inform ation will be needed, and much 
of it will be spatially-structured. Key inform ation requirem ents have already been 
highlighted in earlier sections. A  source of inform ation that will be particularly critical 
for EAF in the context of integrated management will be maps showing the distribution 
of current and past fishing activities, together w ith  maps of fishing grounds considered 
to  be im portant from  the perspective of the operators. The location and distribution 
of fished areas and im portant grounds can be estimated using VMS but the estimation 
procedure is at best based on intelligent guesswork. In addition, locations are rarely 
associated w ith  catch data and m any fishing vessels are not subject to  VMS m onitoring. 
Fishers, therefore, need to engage more fully in the process of defining the im portance 
of fished areas to  ensure that they are on a m ore even footing w ith  o ther extractive 
industries and conservation interests. In the absence of this inform ation, fishers’ 
interests could easily be com prom ised w hen attem pting to resolve spatial conflict 
issues w ith  o ther m arine users (Degnbol and W ilson, 2008).

4.4.2 M o n ito r in g  a n d  e n f o rc e m e n t
Spatial fisheries regulations will need to be properly  m onitored and enforced to  ensure 
that they  become more than just paper exercises. Accurate m onitoring will become 
even more critical if regulations impose tight restrictions on fishing practices, such 
as those regulations in the scenarios for integrated m arine planning outlined in the 
subsection 4.4.1 above. M onitoring and enforcem ent could potentially benefit from  
greater use of GIS functionality if the m onitoring system in place depends upon a 
rigorous program m e of data collection.

There are essentially three approaches to  fisheries m onitoring. The first approach 
relies on visual sightings via onboard observers on vessels or spotter planes. Sightings 
from  both  vessels and planes are a very expensive option, especially if good coverage 
of a wide sea region is needed, but efficiency can be im proved through collaborative 
efforts w ith  fishers as dem onstrated in West Africa through the Sustainable Fisheries 
Fivelihood program m e launched by FA O  in 1999s.

The second approach is to  use autom atic position tracking via VMS (Figure 4.10). 
VMS are relatively expensive to  install but cheap to operate and provide management 
authorities w ith  the means to  track movements relative to spatial regulations w ithout 
the need for visual observations. There are, however, a num ber of inherent limitations 
to  VMS, such as the trade-off between position frequency and cost (the m ore frequent 
the positions, the greater the cost), and lack of discrim ination between fishing and 
non-fishing locations. For satellite-based fisheries enforcem ent to  be effective, vessels 
w ould need to transm it their position at increasingly shorter time intervals as they 
approach boundaries and also relay shoot and haul positions via an electronic logbook 
(Kemp and Meaden, 2002). Sophisticated and semi-intelligent fisheries m onitoring 
systems such as this seem unlikely in the short to  medium  term  for a host of reasons 
(high costs, lack of compliance, misuse of systems), though they m ay be a necessity for 
fisheries enforcem ent under a tightly regulated zoning scheme.

The th ird  approach is to  encourage self-m onitoring and enforcement by participants 
in the fishery, a lofty goal and one rarely practiced but nevertheless possibly the only 
solution to  achieving effective fisheries m onitoring and enforcement for m any of the 
w orld ’s fisheries. Building trust and generating greater ownership are critical to success. 
For a system of self-regulation to be effective, fishers w ould probably  benefit from  the 
use of GIS as a mechanism to im prove com m unication regarding the distribution of 
ecosystem features w ith  w hich fishers w ould need to be concerned.

For more details see http://www.fao.org/fishery/topic/14837/en

http://www.fao.org/fishery/topic/14837/en
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FIGURE 4.10
S atellite  positions o f U nited K ingdom  traw le rs  in th e  N orth Sea 

during  th e  2001 cod box  closure

Source: Reproduced from Eastwood e t  a!., 2008. © Crown copyright.

Note: Vessel activity is unknow n, causing difficulties for enforcem ent of th e  closed area.

4.5 COMMUNICATION IN EAF WITH GIS
Fisheries operating under EAF principles will benefit from  the use of GIS in at 
least one way: communication. Regardless of the am ount of data available about the 
ecosystem and the fisheries operating w ithin it, GIS can help im prove understanding of 
ecosystem com ponents and interactions am ong stakeholders by generating overviews 
that are relatively easy to com prehend. Maps convey m ore inform ation than w ould be 
possible w ith o ther forms of data com m unication and complex inform ation can also 
become m ore accessible to non-experts through the use of maps. In the increasingly 
sophisticated w orld  of fisheries and m arine ecosystem science, maps can help bridge 
the gap between science and management and bring about a greater understanding of 
marine ecosystems, processes and interactions.

EAF management in the developed w orld  will be a data-hungry process. In advanced 
operating environm ents, GIS can bring benefits through the use of interconnected 
rem ote servers sharing geospatial data through open standards and transfer protocols, 
allowing marine and fisheries data suppliers to share their spatial data m ore easily both  
across and between organizations and w ith  the public. As we move tow ards managing 
fisheries as part of w ider ecosystems and develop operational systems of integrated 
marine planning and management, access to spatial data and an ability to visualize, run 
models and make decisions based on a complex array of m ulti-param eter inform ation 
will be critical. GIS can play a central role in the production  of digital maps developed 
from  disparate data sources and in doing so will play a central role in com m unicating 
to stakeholders and building a shared understanding of the ecosystem and the issues 
that EAF will need to reconcile.
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4.6 CONCLUSIONS
GIS can bring benefits to  m any aspects of EAF im plem entation, not least of which 
is improving the flow of inform ation and levels of com m unications among diverse 
stakeholders. As a technology, GIS has attained a level of m aturity  and accessibility 
that places it w ithin the reach of fisheries managers and scientists, even in relatively 
resource p o o r settings. The benefits that GIS can bring to EAF management processes, 
from  simple m apping to sophisticated ecosystem modelling, suggest that the question 
should not be w hether GIS has potential to  aid w ith EA F but how  it can best bring 
about benefits in country-, region- or fisheries-specific locations. Indeed, for seas 
bordering highly industrialized nations, it is highly unlikely that EAF im plem entation 
w ould proceed w ithout the use of GIS technologies in one form  or another.

This section has highlighted them atic areas in w hich GIS can interact w ith  the 
EAF process by supporting efforts to  map, model, manage and comm unicate relevant 
inform ation on ecosystem properties and processes. These areas are not distinct 
partitions but in m any ways are highly interrelated, as will be seen in Section 5, which 
shows via case studies that GIS is becoming central to  the im plem entation of EAF. 
These studies tend to  be focused in areas of well-established and highly commercialized 
and regulated fisheries. Therefore, in Section 6 the authors consider the steps that are 
needed to ensure that GIS reaches a m uch broader section of the global fisheries 
com m unity and realizes its full potential.
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5. Case studies to illustrate ways 
to integrate GIS into EAF

5.1 INTRODUCTION
It is impossible to state precisely w hen GIS was first used explicitly as a tool in EAF 
management or research. This is because the GIS, by its very nature, is a too l that is 
frequently em ployed for aggregating and analysing related data sets concerning a topic 
that must be spatially-referenced. This bringing together of data usually implies that 
various facets of the ecosystem are under investigation and, of course, the w ider the 
variety of param eters that are being integrated, the closer the project will be to  a holistic 
EAF study. It is likely that few specific applications of GIS for EAF im plem entation 
were undertaken p rio r to  2000 and, indeed, St. M artin (2004) charts the rise of EAF 
itself as occurring only during the m id- to  late- 1990s. St. M artin also presents a 
strong rationale for GIS being the obvious p latform  on w hich to  house any EAF 
study, certainly in view of the essential spatio-tem poral variations, intervariations and 
intravariations that characterize different ecosystems.

In this section, the authors examine three case studies, each of w hich takes a 
different approach to  the im plem entation of EAF. The case studies cover marine areas 
that are different in term s of their scale, their resource base and their range of economic 
activities. In com bination, the case studies have docum ented some useful experience of 
the challenges of EAF im plem entation and can, therefore, be used to  form ulate sound 
advice for EAF practitioners. The case studies were selected because they  describe in 
detail m any of the num erous considerations of EAF, thereby making it possible to 
form ulate recom m endations on how  GIS might aid the EAF process as well as offering 
a range of potential EAF im plem entation strategies.

5.2 ECOSYSTEM-BASED FISHERIES MANAGEMENT IN THE BENGUELA 
CURRENT LARGE MARINE ECOSYSTEM OF SOUTHERN AFRICA
The Benguela current along the coast of southw est Africa is linked to  an intensive 
upwelling area w here high nutrient flow ensures high marine productivity. M any 
fisheries operate along this coast and these fisheries, plus oil extraction, ensure that 
social and economic factors are of high value and significance. If resource extraction is 
to be sustained, then high productiv ity  can only be achieved w ith careful ecosystems 
management. The im portance of this has long been recognized and a sophisticated 
ecosystem-based science research program m e has been in operation in the Benguela 
waters since the 1980s (Payne et al., 1987). Since 1996, a program m e of strong 
cooperation among the three national governments (Angola, N am ibia and South 
Africa) seeks to im prove the fisheries as well as to  look at traditional facets of the 
fishery ecosystem, i.e. factors concerning direct marine productivity.

D uring the last decade, a program m e led by  FA O  addressed the transboundary 
hum an impacts on the ecosystems, w ith a focus mainly on the fishery sector9. The 
FA O -coordinated w ork, reported in Cochrane et al. (2007), essentially “investigates 
the feasibility of using an ecosystems approach to  fisheries management in the Benguela 
C urren t Large M arine Ecosystem  (BCLM E) region through examining the existing

9 A dditional in form ation  available at ww w .bclm e.org

http://www.bclme.org
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FIGURE 5.1
The m ain physical fe a tu re s  associa ted  w ith  th e  B enguela 

cu rren t system

issues, problem s and needs related to EAF, and considering different management 
options to  achieve sustainable management of the resources at an ecosystems level”. 
The project, which was managed by various fisheries agencies w ith  assistance from  
FA O , covered marine areas of South Africa, N am ibia and Angola (see Figure 5.1) 
and to o k  place from  January 2004 to  Decem ber 2006. Ten m ajor fisheries in the three 
countries were examined. The project used a structured and partic ipatory  approach 
designed to  engage the various stakeholders in identifying and prioritizing gaps in 
the existing approach to fisheries management and to  generate potential management 
actions needed to address these gaps. The project also used cost-benefit analyses to 
evaluate the im portance of each of the potential objectives and actions identified to 
im prove the management of each fishery. There is no need here to detail all of the 
m ethods and approaches used in this lengthy study -  this inform ation can be obtained 
from  Cochrane et al. (2007) and from  Fletcher et al. (2002), w hose w ork  provided the 
basis for the current study. In this section, the authors intend only to identify them atic 
areas in w hich GIS could be used as part of the EAF process and they briefly describe 
the EAF process followed. It should also be acknowledged that the project as designed 
and im plemented by FA O  had no intention to  explicitly utilize GIS to  secure its aims.

A t the outset, the project team agreed to  adopt the FA O  (2003) definition of the 
purpose of EAF (see Section 2.1) but noted that this definition was just one of several. 
They then noted that ideally an EAF should start from  a holistic view point in the sense

that it should be im plem ented 
I across all fisheries w ithin an area. 

Because this w ould be a m ajor 
and som ew hat unrealistic task, 
an early decision was taken that 
EA F should be “im plem ented 
increm en ta lly  accord ing  to  
opportunities and crises”. Hence, 
the m ajor fisheries in the three 
countries w ere selected rather 
than  all fisheries and included 
artisanal and subsistence fisheries.

Because the EAF being adopted 
was to  take a “hum an” inputs 
viewpoint, the starting point for 
the EAF was for the stakeholders 
of the ten fisheries to  identify 
perceived issues and problem s in 
the various fisheries. Therefore, a 
series of w orkshops were held in 
each of the three countries. They 
w ere attended by stakeholders 
w ho included managers, decision­
makers, fishing industry members, 
conservationists and scientists. 
T he w o rk sh o p  p artic ip an ts  
generated a list of issues for each 
co u n try  and fo r each fishery. 
Between 150 and 200 issues 
were identified, although m any 
of the issues were duplicated for 
different countries or fisheries. 
F o r each issue a “risk score”
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(denoting perceived im portance) was then derived by m ultiplying a “consequence” 
by a “likelihood”, w hereby consequence equates to  the severity should the issue not 
be resolved and likelihood equates to the likelihood of the issue occurring. It is in the 
resolving and managing of these issues that GIS can best form  an invaluable input to 
the EAF process.

Table 5.1 ranks 50 of the m ost im portant issues in which GIS could play an 
analytical part either directly o r indirectly. N o te  that the “risk scores” show n are 
indicative only because of the variability in risk assigned to the different fisheries in 
the different countries. H ow  each issue w ith  regard to  the EA F m ay be addressed by 
GIS in terms of mapping, modelling and /o r managing is indicated. For some of the 
issues, the participants were not able to  assign only one exact use for GIS, so for those 
issues m ore than one category is indicated. For m any of the issues GIS w ould be of 
limited use in the absence of suitable data-gathering systems. In addition to  the issues 
listed in Table 5.1, there were m any issues that m ay have relevance but are beyond a 
m ore immediate EA F-G IS concern. These included economic, well-being and social 
issues concerning the fishery and its w ider structure, plus a num ber of management 
and governance issues.

TABLE 5.1
The m ajor EAF issues iden tified  by s tak eh o ld e rs  in ten  d iffe ren t so u th e rn  African fisheries th a t  
m ay b e  ad d ressed  by GIS

Issue
Indicative "risk" score GIS

mapping
GIS

modelling
GIS

managing
Im p a c t  o f  smal l-sca le  f i she r ie s  o n  in s h o re  
s tocks 30 X X X

Stock s t a t u s  (variabil ity  a n d  u n c e r t a in ty  of) 30 X X X
Size c o m p o s i t i o n  o f  t h e  s tock  
( a v e r a g e  size o f  fi sh c a u g h t  is dec l in ing) 30 X X

N e e d  t o  r e d e v e l o p  in f r a s t ru c tu r e  ( roads ,  
b r id g es ,  etc.) 25 X X X

Fishing act iv ity  t a k i n g  p lace  in n e a r s h o r e  
a r e a s  ( im p a c t  o n  s tocks  
a n d  e n v i r o n m e n t )

24 X

U ti l iza t ion  o f  h ig h -v a lu e  spec ies  fo r  
f i s h m e a l 24 X X

Im p a c t  o f  b o t t o m  t r a w l  f i she ry  o n  spec ies  
a b u n d a n c e 24 X X

A llo c a t io n  o f  f i s h in g  r ig h t s  (o f t e n  
s e e n  as un fa i r ) 24 X X X

I n a d e q u a c y  o f  m o n i t o r i n g  a n d  
c o n t ro l  sys tem s 24 X X

T h e  n e g a t i v e  im p a c t  t h e  h a k e  f i she ry  m a y  
b e  e x e r t i n g  o n  t h e  s u s t a in a b le  u se  o f  
m o n k f i s h

24 X X X

D e cr ea s e d  f o o d  a va i lab i l i ty  f o r  fish
24 X X Xp r e d a t o r s

A f fe c t  o f  s h o r t - t e r m  cl imatic  a n o m a l ie s ,
24 Xe .g .  El N iño  e v e n t s

P o o r  u n d e r s t a n d i n g  o f  d e cad a l - s ca le  
f l u c tu a t io n s  in a b u n d a n c e  o f  p r im ary 24 X
species
D e p e n d e n c e  o f  a la rg e  n u m b e r  o f  t h e  
f am i l ie s  o n  smal l-sca le  o r  s em i- indus t r ia l  
f ishe r ie s

20 X

Lack o f  m a n a g e m e n t  p la n s  fo r  
all spec ie s 20 X

O p e n  access  in sm al l-sca le  f ishe r ie s  (a t t r a c t s  
t o o  m a n y  e n t r a n t s ) 20 X

I m p r o v e m e n t  o f  c o m m u n i c a t i o n  a m o n g  
scientis ts ,  m a n a g e r s  a n d  in d u s t ry  
re p r e s e n ta t i v e s

20 X

T h e  b a r r i e r  r e p r e s e n t e d  by  oil e x p lo i t a t i o n  
a r e a s  t o  t h e  d i s t r ib u t io n  o f  sa rd ine l la 20 X X X

C lim a te  a n o m a l i e s  a f f e c t in g  r e c r u i t m e n t  
( u n c e r t a in t i e s  s u r r o u n d  this) 20 X
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TABLE 5.1 ( c o n t )

Issue
Indicative "risk" score GIS

mapping
GIS

modelling
GIS

managing
C lim a te  a n o m a l i e s  a f f e c t in g  fish avai labi l i ty  
( u n c e r ta in t i e s  s u r r o u n d  this) 20 X X

S easo n a l  m ig r a t io n s ,  pa r t icu la r ly  o f  s h a r e d  
s tocks 20 X X X

Im p a c t  o f  b o t t o m  t r a w l i n g  on  
b o t t o m  s u b s t r a t e 20 X X X

Lack o f  m o d e l s  a n d  in d ic a to rs  f o r  
m u l t i s p ec ies  a ss e ss m en ts 20 X

O p en -acce ss  n a t u r e  o f  a smal l-sca le  f i she ry 20 X X
P ol lu t ion  r e s u l t in g  f r o m  oil e x p lo i t a t i o n  
act iv it ie s 20 X X X

Variabi l i ty  in re s o u rc e  avai lab i l i ty  
t h a t  m a k e s  p l a n n in g  dif f icul t 18 X X X

Fishery s ta t is t ics  -  v a r ia b le  s t a t u s  o f  d a t a
18 X X Xg a t h e r e d

Rem oval  o f  g raz e r s ,  w h ic h  leads  t o  
a c c u m u la t i o n  o f  p l a n k t o n  b io m a s s  a n d  
poss ib ly  t o  s u lp h u r  e r u p t i o n s  a n d  low- 
o x y g e n  e v e n t s

16 X X X

S h a re d  re s o u rc e  -  c o u ld  b e  b e t w e e n
16 X Xc o u n t r i e s  o r  f i s h in g  g r o u p s

T h e  con f l ic t  b e t w e e n  inc rea s ing  oil 
e x p lo i t a t i o n  a n d  t h e  d e v e l o p m e n t  of 
indus tr ia l  f ishe r ie s

16 X X

Lack o f  d i s t r ib u t io n  n e t w o r k s  -  t r a n s p o r t  
a n d  m a r k e t s 16 X X

Im p a c t  o f  t h e  sm al l-sca le  f i she ry  o n  t h e  
h o r s e  m a c k e r e l  f i she ry 15 X X

Im p a c t  o f  t h e  a r t i s a n a l  f i s h e ry  o n  t h e  
s a rd in e l la  f i she ry 15 X X X

C u r r e n t  h ig h  f i s h in g  m o r t a l i t y 15 X X
Poor  u n d e r s t a n d i n g  o f  t h e  
k n o w l e d g e  o f  life h is to ry 15 X X

Low selec t iv i ty  o f  t h e  t r a w l  f i s h e ry  is 
a f f e c t in g  n a tu ra l - s iz e  s t ru c tu re 15 X X

Rem oval  o f  b io m a s s  (espec ia l ly  t o p  
p re d a to r s ) ,  w h ic h  m a y  a l t e r  t h e  t r o p h i c  
s t r u c tu r e  a n d  f u n c t i o n i n g  o f  t h e  e cosys tem

15 X X

T h e  lo n g l in e  f i she ry  is a f f e c t in g  n a tu ra l -  
s ize s t r u c tu r e  by  c a t c h in g  l a rg e r  fish 12 X X

R ed u c t io n  o r  c h a n g e s  in g e o g r a p h ic a l  
d i s t r ib u t io n  o f  t h e  spec ies  d u e  t o  f i sh ing  
act ivity

12 X X X

Lack o f  p ro c e ss in g  p la n t s  a n d  jo b  
o p p o r t u n i t i e s 12 X X X

Pressure  o n  c o as ta l  ecosys tem s ,  e .g .  
d e s t r u c t io n  o f  m a n g r o v e s 12 X X X

Lack o f  k n o w l e d g e  a b o u t  r o u n d  h e r r in g ,  
g o b ie s  a n d  c h u b  m a c k e re l 12 X X

A m o u n t  o f  b y ca tch  b e in g  t a k e n  
( u n c e r t a in ty  s u r r o u n d s  this) 12 X X

O v e re x p lo i t a t i o n  o f  d e m e rs a l  re s o u rc e s  
w i th  a f u r t h e r  de c l in e  e x p e c t e d  if n o  
m a n a g e m e n t  m e a s u r e s  a r e  t a k e n

9 X X

Confl ic ts  b e t w e e n  t h e  smal l-sca le  a n d  t h e  
indus tr ia l  f ishe r ie s 9 X X

P r e f e r e n c e  o f  in la n d  c o m m u n i t i e s  fo r  
small,  p e la g ic  fish 8 X

C h a n g e s  in c o m m u n i t y  s t r u c tu r e  (could  
r e f e r  t o  fi sh o r  h u m a n  c o m m u n i ty ) 8 X

Biomass  e s t i m a t i o n  m e t h o d s  a r e  v a r ia b le  
a m o n g  c o u n t r ie s  a n d  s tocks 6 X X X

Licence a l lo c a t io n  t o  p u r s e  se in e rs  (n o t  
a lw ays  s e e n  as fa ir ) 6 X X

Im pac ts  o f  f a c to r y  a n d  o t h e r  e f f lu e n t s 5 X X

Source: A d a p te d  from Cochrane et. al, 2007.

As can be noted from  the table, m any issues of relevance to EAF, such as dealing 
w ith  shared stocks and im proving fisheries data and statistics, and inform ation
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on bycatch, should already have been addressed under a conventional fisheries 
management fram ework. Thus, theoretically, they  should have received low risk scores, 
indicating they  were of little concern, but as the table shows, in some cases they were 
considered im portant issues. Furtherm ore, this southern African study very clearly 
showed considerable concern for w ider ecosystem issues such as interactions between 
fish species, disturbance of trophic structures, pollution and impacts of fishing on the 
o ther ecosystem com ponents.

A nother im portant finding showed the relationship between the state of the stocks 
and type of issue m entioned. Thus, the fisheries that were overexploited had concerns 
(issues) that were overwhelm ingly related to social, economic, management and 
governance m atters, and it is w ith  these m atters that arguably GIS is the least able to 
be of help. The im plication of this is that the lack of a well-managed fishery is likely to 
shift the balance of concern from  the fishery itself tow ards m ore general societal issues. 
Overall, approxim ately 45 percent of all issues raised by the ten fisheries examined 
w ould lend themselves to analyses by GIS, these issues for the m ost part being more 
directly fishery-related. Given the im plication that a p o o r fishery leads to strong socio­
economic concerns, a good case can be made for adopting GIS w ithin an EAF as a 
means of initially preventing problem s from  arising in the fishery industry.

The activities that concluded this EAF study were as follows. W orkshop participants 
prepared a “Perform ance R eport” that contained the issues that the participants had 
ranked as high p rio rity  on the basis of the risk scores together w ith  the potential 
management responses (measures) designed to  reduce the high risks. Because the 
w orkshops had been so im portant in identifying issues, establishing risks and agreeing 
management responses, as articulated in the perform ance report, Cochrane et al. (2007) 
stressed the im portance of good stakeholder representation as the basis for fisheries 
management under EAF.

Once the management responses had been agreed for each fishery, a benefit-cost 
analysis was undertaken during a separate w orkshop to  establish the relative advantage 
of each management measure identified in the perform ance report. Scores were 
allocated on a scale of 0-4 to  each management measure. Scores could be positive or 
negative according to the broad objectives of the fishery and tw o sets of scores were 
obtained, i.e. one for short-term  objectives and one for long-term  objectives. The 
benefit-cost results for all of the ten southern African fisheries studied are contained 
in the report of Cochrane et al. (2007). Interestingly, the report noted that m any of 
the short-term  benefit-cost ratios were negative to the extent that if the management 
measures were to  be im plemented, socio-econom ic hardships to the fishery com m unity 
w ould result. In contrast, the long-term  benefit-cost ratios were overwhelm ingly 
positive. The short-term  negativity w ould create a substantial problem  for policy or 
decision-m akers and strategies will need to  be developed to  mitigate any undesirable 
consequences. The report also stressed that all fisheries should be included in the 
benefit-cost analyses (and indeed the w hole EAF procedure) and that all issues should 
be considered, not just the high p rio rity  ones dealt w ith  at the w orkshop. Overall, it 
noted that “the benefit-cost analysis process was found to  be very informative and an 
im portant step in the im plem entation of E A F ” and that the EAF “is far preferable to 
the fragm ented and reactive approach to  addressing problem s that typifies fisheries 
management decisions around the w orld at p resent”.

5.3 THE EASTERN SCOTIAN SHELF INTEGRATED OCEAN MANAGEMENT PLAN 
IN CANADIAN ATLANTIC WATERS
The Eastern Scotian Shelf Integrated O cean M anagement Plan (ESSIM) is a recent 
initiative of the Canadian federal governm ent and is designed to  generate a multiyear, 
strategic-level plan to  provide long-term  direction and com m itm ent for integrated, 
ecosystem-based and adaptive management of all marine activities in or affecting
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ESSIM Area

the waters of the Eastern 
Scotian Shelf (ESSIM, 
2005). The ESSIM area, 
covering 325 000 km 2, 
lies in a broad arc to  the 
south  and east of the 
northern  part of N ova 
Scotia (F igure 5.2). 
The m anagem ent area 
stretches seawards to  the 
lim it of the C anadian 
exclusive economic zone 
(EEZ). Because this plan 
is very m uch a first for 
C anada and because 
m anagem ent problem s 
faced in the offshore 
area are very different 
from  the  p ro b lem s 
of the inshore zone, 
at p resent the ESSIM 
pro ject is concentrated 
alm ost exclusively on 
offshore w aters beyond 
the 12 mile territorial sea 
limit. A t a later stage, 
com plem entary plans for 
the inshore zone will be 
developed in conjunction 

w ith  the province of N ova Scotia and other interests. The ESSIM (2005) docum ent 
outlines the characteristics of the marine environm ent and of the hum an uses for this 
area and m uch useful docum entation regarding this eastern Scotian shelf management 
scheme10 is available on the Internet.

The ESSIM Plan focuses on the management needs and priorities related to multiple 
ocean use, ecosystem management, and conservation and collaborative planning. These 
issues are broader than the issues relating to  fisheries management alone but the same 
principles apply. Thus, EAF can be considered a subset of the ecosystem -approach 
(EA) for m ultiple-use marine planning, as encapsulated by ESSIM. For example, w ith 
regards to  stakeholder engagement, “the [ESSIM] Plan is being developed through 
a collaborative and inclusive planning process involving all interested and affected 
governm ent departm ents, sector groups and individuals”, the goal being to develop a 
plan that is accepted by all interested parties. The EAF has similar goals. In the case 
of ESSIM, interested parties comprise the following institutional com ponents: (a) an 
ESSIM Forum ; (b) a stakeholder roundtable; (c) a governm ent sector structure; and 
(d) a planning office. The w hole ESSIM Plan is enshrined in a vision statem ent and 
guiding principles. It provides an objectives-based approach to ocean management, 
setting out long-term , overarching ecosystem and hum an-use objectives to support 
agreed outcom es for environm ental, social, economic and institutional sustainability 
in the ESSIM area.

The overarching objectives are:
• to  integrate the management of all measures and activities in or affecting the 

planning area;

FIGURE 5.2
The E astern Scotian Shelf m an ag e m en t area

Reproduced from O'Boyle, Sinclair, e t  al., 2005.

10 See w w w .dfo-m po.gc.ca/L ibrary/286215.pdf

http://www.dfo-mpo.gc.ca/Library/286215.pdf
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• to  manage for conservation, sustainability and responsible use of ocean space and 
m arine resources;

• to  restore and /o r maintain natural biological diversity and productivity; and
• to  contribute to social, cultural and economic well-being of stakeholders and 

coastal communities.

A recent study (Charles et al., 2009) provides invaluable background to the 
problem s in the ESSIM area and concentrates particularly on the social and economic 
factors involved, offering indicators that can and should be m onitored and applied on 
a regular basis to evaluate the well-being and sustainability of fisheries and the marine 
environm ent.11

High-level objectives are supported by operational objectives for w hich specific 
indicators and targets can be set. The plan also provides an area-based approach w hereby 
planning, management and decision-m aking for multiple hum an use and ecosystems 
conservation can be undertaken at appropriate spatial scales. The w hole plan has to be 
carefully integrated into existing m anagement plans, jurisdictions, responsibilities and 
objectives, and the plan itself is em bedded in recently enacted federal legislation, i.e. 
the O ceans Act, 1996. A series of A ction Plans will be developed for tw o- to  three- 
year periods as part of the im plem entation process. As the planning process evolves, 
m onitoring and perform ance measuring mechanisms will be established to  enable 
regular evaluation and reporting on the p lan’s objectives. It should be m entioned here 
that, as w ith  the case study reported in Section 5.2 above, this plan contains no specific 
reference to the use of GIS.

The authors use the plan objectives as the basis for illustrating where GIS can fit into 
an E A to management. Table 5.2 lists the objectives, and again they are categorized as 
relative to  mapping, modelling o r management in the GIS context. As w ith  the Benguela 
EAF program m e, it can be seen w ith  ESSIM that there is a far greater potential to  use 
GIS to meet objectives relating to m ore direct fishery ecosystem issues and that GIS is 
of particular relevance to  m atters relating to  basic m apping and modelling.

The ESSIM Plan specifically mentions that GIS has already been used to  create an 
atlas showing the extent and location of the m ajor hum an activities in the area, including 
various management zones (ESSIM, 2005). The atlas will soon be extended to  cover the 
m apping of ecological com ponents. D ata sets contributing to the atlas will form  the 
basis of a spatio-tem poral fram ew ork to assess risks associated w ith hum an activities, 
including ecosystem impacts and sector activity interactions. Figure 5.3 illustrates the 
type of detailed m apping data that is available for this location (from  O ’Boyle et a í ,  
2005b). It is im portant to note that the ESSIM Plan discusses the types of marine 
planning w ork  that will be possible and describes the tools that will be available to 
pursue the project objectives. The ESSIM Plan concludes w ith  a consideration of 
the various m anagement strategies and potential actions available, allocating lead 
authorities and time lines for this as well as looking at project im plem entation and 
review procedures.

5.4 CHANNEL HABITAT ATLAS FOR RESOURCE MANAGEMENT (CHARM) IN 
THE EASTERN ENGLISH CHANNEL
The English Channel, the stretch of w ater separating France from  England, is one 
of the w orld ’s busiest shipping lanes. The waters of the channel also support locally 
im portant fisheries, are an im portant source of aggregates, provide num erous leisure 
and tourist facilities, and are crossed daily by num erous passenger ferries. Because of 
the potential for resource conflict, efforts began in the late 1990s to  consider options for 
resource utilization in a limited transboundary geographic zone. Following the success 
of this project, in 2003 the European U nion agreed to  fund a similar but larger project 
called C H A R M , covering the eastern quarter of the English C hannel (Figure 5.4).

11 See w w w .gpiatlantic.org/pdf/fisheries/fisheries_2008.pdf fo r the C harles et al. (2009) study.

http://www.gpiatlantic.org/pdf/fisheries/fisheries_2008.pdf
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TABLE 5.2

O bjectives to  w hich an EA m igh t asp ire  fo r th e  e a s te rn  Scotian
Shelf a rea  and  w hich h ave  th e  p o ten tia l fo r GIS-based m app ing  o r analyses

Issue Objective GIS
mapping

GIS
modelling

GIS
m anagem ent

I m p o r t a n t  b e n th i c  
c o m m u n i t i e s

Iden t i fy  a n d  p r o t e c t  i m p o r t a n t  b e n th i c  
c o m m u n i t i e s ,  e .g .  u n iq u e ,  d ive rse  or 
p ro d u c t iv e

X X X

Sensit ive  b e n th i c  
c o m m u n i t i e s

Iden t i fy  a n d  p r o t e c t  cora l a n d  o t h e r  
sens i t ive  c o m m u n i t i e s X X X

I m p o r t a n t  pe la g ic  
c o m m u n i t i e s

Iden t i fy  a n d  p r o t e c t  i m p o r t a n t  pe la g ic  
c o m m u n i t i e s X X X

Sensit ive  pe la g ic  
c o m m u n i t i e s

Iden t i fy  a n d  p r o t e c t  sens i t ive  pe lag ic  
c o m m u n i t i e s

X X X

C o n s e rv a t io n  of M a in t a in / r e s to r e  i d e n t i f i e d  pe lag ic ,
c o m m u n i t i e s b e n th i c  a n d  d e m e rs a l  c o m m u n i t i e s  or 

a s s e m b la g e s
X X X

C o n s e rv a t io n  of M a in t a in / r e s to r e  i d e n t i f i e d  sea b i rd X X Xc o m m u n i t i e s c o m m u n i t i e s  o r  a s s e m b la g e s
Com m erc ia l ly  
h a r v e s t e d  spec ies

M a in t a in / r e s to r e  species,  p o p u la t i o n s  
a n d  p ro d u c t iv i ty X X X

E n d a n g e r e d  spec ie s P r o te c t  a n d  r e b u i ld  spec ies  s tocks X X X
Ecosystem s t r u c tu r e  
a n d  fu n c t io n

M a in t a in / r e s to r e  b y ca tch  o f  n o n - t a r g e t  
spec ies  w i th in  a c c e p ta b l e  limits X X

Invasive  spec ies Limit a n d  m o n i t o r  invasive  spec ies X X
Ecosystem re s i l ience M a in t a in / r e s to r e  g e n e t i c  divers ity X
Ecosystem s t r u c tu r e  
a n d  fu n c t io n

M o n i to r  t h e  b a s e  o f  t h e  f o o d  c h a in  t o  
d e t e c t  c h a n g e s  t h a t  m a y  a f f e c t  o t h e r  
e co s y s tem  c o m p o n e n t s

X X

Ecosystem s t r u c tu r e M o n i to r  e n v i r o n m e n t a l  c o n d i t io n s  t h a t
a n d  fu n c t io n m a y  in f lu e n c e  p ro d u c t iv i ty  a t  t h e  b a s e  of  

t h e  f o o d  cha in
X X

Trophic  s t r u c tu r e P rese rve  t r o p h i c  s t ru c tu re ,  inc lud ing  
f o r a g e  spec ies  f o r  h ig h e r - lev e l  p r e d a t o r s X X

Trophic  s t r u c tu r e P rese rve  t r a d i t i o n a l  ro le  o f  t o p  p r e d a t o r s X X
Divers ity  o f  h a b i t a t s Iden t i fy  a n d  p r o t e c t  r a r e  h a b i t a t s X X X
B o t to m  h a b i t a t M a in t a in / r e s to r e  physical charac te r i s t ic s

o f  s e d im e n t s  t h a t  a r e  c o n d u c iv e  t o X X X
r e s i d e n t  b io log ica l  p o p u la t i o n s

Processes  in s e d im e n t s M a in t a in / r e s to r e  g e o c h e m ic a l  c o n d i t io n s
ne ce s sa ry  f o r  f u n c t i o n i n g  o f  r e s id e n t X X
c o m m u n i ty

Toxic chem ica l M a in t a in  c o n c e n t r a t i o n s  o f  tox ic
c o n t a m i n a t i o n ch em ica ls  b e l o w  levels  h a r m f u l  t o  local 

b io ta
X X

E u t ro p h ic a t io n M a in t a in / r e s to r e  o x y g e n  levels  su f f ic ien t  
f o r  p ro d u c t iv e  b io t a  g r o w t h X X

W a t e r  c o lu m n M a in t a in / r e s to r e  t h e  chem ica l  q u a l i ty  of X Xt h e  w a t e r b o d y
N o n - b i o d e g r a d a b l e M a in t a in  a m o u n t s  o f  solid  w a s t e s  w i th in X Xdeb r is a c c e p ta b l e  limits
H e a l th  o f  r e s id e n t M a in t a in / r e s to r e  m a r in e  e n v i r o n m e n ta l X X
b io ta q u a l i ty  c o n d u c iv e  t o  h e a l th y  b io ta
C o n t a m i n a n t  levels P r e v e n t  chem ica l  o r  b io log ica l
in fish c o n t a m i n a t i o n  o f  spec ies  f o r  h u m a n  

c o n s u m p t i o n
X

C o m m u n i ty  w e l l -b e in g E nsure  access  b y  local p e o p l e  t o  
s u s t a in a b le  l ive l ihood  o p p o r t u n i t i e s  
d e r iv e d  f r o m  t h e  sea

X X

C o m m u n i ty  w e l l -b e in g E n h a n c e  o c e a n - r e l a t e d  services a n d  
in f r a s t ru c tu r e

X X

E conom ic  w e l l -b e in g G e n e r a t e  w e a l t h  f r o m  t h e  o c e a n
by fo s t e r in g  n e w  o p p o r t u n i t i e s  a n d  
e n h a n c i n g  ex is t ing  o p p o r t u n i t i e s

X X

Econom ic  w e l l -b e in g E nsure  e ff ic iency o f  re s o u rc e  u se  a n d Xo p e n  s p ac e
Indus tr ia l  c ap a c i ty  a n d B alance  m u l t i s e c to ra l  u se  o n  t h e  Sco t ian X X Xasse ts Shelf  a n d  r e d u c e  re s o u rc e  u s e  confl ic t
Indus tr ia l  c ap a c i ty  a n d  
asse ts

P r o m o t e  s t e w a r d s h i p  a n d  b e s t  p rac t ices X

In te g r a t e d
m a n a g e m e n t

E nsure  pol ic ies,  p lans ,  p r o g r a m m e s  a n d  
m e a s u r e s  a r e  a p p l ic a b le  t o  o c e a n  users X X

processes
In t e g r a t e d
m a n a g e m e n t

P r o m o t e  a d a p t i v e  m a n a g e m e n t  in 
r e s p o n s e  t o  c h a n g e X

processes
Source: A d a p ted  from ESSIM, 2005.
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FIGURE 5.3
An exam ple  o f th e  ty p e  of m app ing  d a ta  availab le  to  th e  ESSIM Plan

Source: O'Boyle, Sinclair, e t  al., 2005.

Note: Dots indicate location o f bottom  traw ling during 1999-2003. Base map shows benthic community sensitivity w here 
w hite equals most sensitive and black equals least sensitive.

This project resulted in the production  of a hardcopy resource atlas of the area 
(C arpentier et a í ,  2005). The project involved small teams of researchers from  seven 
institutions (academic and research) located on both  sides of the English Channel. 
A lthough fisheries were at the core of the project, the study included num erous o ther 
im portant ecosystem properties, both  physical and biological, w ithin the w ater colum n 
and the sea bed. In so doing, the project moved tow ards some core facets of EAF and 
GIS was used extensively for m apping and m odelling12.

Following Phase 1 of C H A R M , Phase 2 was initiated in 2006 and com pleted in 
Septem ber 2008. This phase had a similar partnership but substantially increased 
funding, allowing a broader range of w ork  to be accomplished, and the project itself 
looked at the w hole of the eastern English C hannel (Figure 5.4). The objectives of 
C H A R M  Phase 2 were to  develop an integrated system of marine management for 
the evaluation of living resources and to  identify im portant species habitats in the 
eastern English Channel. Figure 5.5 provides an illustration from  C harm  Phase 2 
and shows how  the surveyed distribution of a species (executed by the IFR EM ER  
C hannel G round Fish Survey [CGFS]) compares w ith  outputs from  predictive habitat 
modelling for that same species. Inform ation from  C H A R M  Phase 1 was integrated 
into additional C harm  Phase 2 data so as to  create ecosystem and conservation planning 
models for the w ider area. In the C harm  Phase 2 project, a w ider variety of species were 
examined and m any m ore stakeholders were involved.

To assess the project in the context of EAF, it is valuable to  highlight the specific 
actions that were undertaken -  these are listed in Box 5.1. It can be seen that the 
C H A R M  Phase 2 project is less w ide ranging than the previous tw o case studies in that it 
maintains a focus on fish and their habitats and tends to  ignore w ider social and economic

12 A dditional inform ation  available at h ttp ://charm .can terbury .ac .uk  and at ww w .ifrem er.fr/charm

http://charm.canterbury.ac.uk
http://www.ifremer.fr/charm
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considerations. H ow ever, 
unlike the o ther case studies, 
the C H A R M  project had a 
definite intention to  utilize 
GIS as the platform  for all of 
its m apping and for most of 
the m odelling13.

The C H A R M  pro ject 
benefited from  access to 
bo th  substantial bodies of 
data for the study area and to 
a strong team of specialists 
in habitat modelling, spatial 
geostatistics, conservation  
m odelling , and w eb 
developm ent. H ow ever, 
the approach adopted by 
the C H A R M  team was not

FIGURE 5.5
A com parison  of survey  d a ta  an d  h a b ita t m odelling  o u tp u t fo r 
th e  C allionym idae fam ily in th e  e a s te rn  English C hannel from  

th e  CHARM Phase 2 pro ject

a

b
Source: The IFREMER Channel Ground Fish Survey (CGFS).

Note: (a) Mean spatial distribution (num ber per km2) o f fish, 1988 to  2006 (October, CGFS). (b) Preferred habitats 
(modelled using Generalized Linear Models (GLMs)) for fish, e.g. reticulate d ragonet, 1988 to  2006 (October, 
CGFS). Significant predicators: bed shear stress, salinity, tem peratu re, sea-bed sedim ent type.

FIGURE 5.4
The a reas  covered  by Phase 1 an d  Phase 2 o f th e  CHARM pro ject

Source: Carpentier e t  a!., 2005.

13 Exam ples o f the  GIS ou tp u t can be seen at h ttp ://charm .can terbury .ac .uk  and w w w .ifrem er.fr/charm

http://charm.canterbury.ac.uk
http://www.ifremer.fr/charm
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B O X  5.1
The main actions undertaken as part of the CHARM Phase 2 project

• D evelop fish species d istribu tion  maps fo r input to  ecosystem  m odelling and 
m anagem ent planning (under actions 5 and 6).

• Develop a sea bed habitat map using the best available data.
• G ather p rim ary  data from  local fishing com m unities to  be used as inputs to  models 

developed under actions 5 and 6.
• C om plete a bilingual com parison of F rench and U nited  K ingdom  policies in  the 

context of m arine resource management.
• Develop a m odel of the eastern English Channel ecosystem  functioning using mass-

balance food-w eb models (Ecopath w ith  Ecosim) and habitat models developed under
action 1 (Ecospace) in  o rder to  evaluate m anagem ent scenarios driven by  inputs from  
stakeholders.

• Develop a conservation planning system for the eastern English Channel based on the 
M arxan spatial planning software.

• U se the outputs from  the atlas and m odelled scenarios in  Ecopath  and M arxan to 
develop a draft m anagem ent strategy that can be reviewed by  stakeholders.

• Deliver all outputs th rough  an interactive atlas on  the pro ject’s Web site.
• Produce the final report.

w ithout problem s or challenges. The problem s can be basically sum m arized as the 
following:
• D ata was not available for all ecosystem com ponents and collection of needed data 

w ould have been beyond the funding possibilities of the project.
• M ost of the biological resource data represented only a snapshot in time -  this 

w ould give it very p o o r statistical validity under m ost testing regimes.
• Allied to the above, it was sometimes difficult to establish an optim um  resolution 

at w hich to work.
• D ifferent aspects of the ecosystem function at different spatial and tem poral scales 

greatly influenced data collection and analysis strategies.
• The approach adopted by  the project team could be considered as top down. 

Thus, although stakeholders were involved, their participation was minimal. M ost 
decisions and actions were based on the project team ’s perceptions of w hat might 
be desirable aims for an optim um  functioning m arine ecosystem in the English 
C hannel area.

• ft was difficult to establish the m ost appropriate them atic areas (and boundaries 
to  these areas) to  be covered. All research projects are resource and time limited 
so inevitably some im portant aspects of the total ecosystems cannot be included.

Based on the experience gained from  C H A R M  Phase 2, a Phase 3 will commence in 
late 2009. ft is intended that this phase will take the project further tow ards a full EAF 
implementation, ft is also clear that opportunities are m any for the integration of CIS 
into m ost facets of EAF w ork. Box 5.2 sets out the main objectives for this new phase 
of the project.

5.5 CONCLUSIONS
The three case studies provide an assessment of potential uses of CIS in the EAF 
adoption process. U ndoubtedly, had the authors looked at further studies, o ther uses 
for CIS w ould have been found. Both Boxes 5.1 and 5.2, and m ore especially the 
actual texts of C ochrane et al. (2007) and ESSIM (2005), show that ecological issues are 
predom inant in the EAF analysis and planning in these case studies. However, there
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BOX 5.2
The main tasks and objectives for a proposed Phase 3 of the CHARM

project

• Include also the w estern  English Channel (doubles the project area).
• C arry  out a detailed data review and inventory.
• Incorporate p lankton  to  space/tim e m apping and modelling.
• Better identify fish spawning areas.
• Better identify the role of benthic organisms in  the English Channel.
• C lassify m arine habitats using European U n ion  habitat directives.
• Set up a “fisheries exploitation” database.
• Identify  the “fisheries cultu re” (the place and im pact of fishing in  coastal areas).
• C arry  out further habitat and trophic netw ork  m odelling (for the w hole of the English 

Channel area).
• Analyse socio-econom ic changes in  the fishery scene.
• Reinforce collaboration betw een fishery ecologists and econom ists to  advance 

developm ent of an EAF.
• Explore the prospects fo r the diversification of m arine activities.
• Explore the impacts of climate change on the English Channel.
• Provide necessary inputs to  conservation planning.
• Develop GIS interface tools for better geospatial modelling.

is reason to  believe that this is not a general characteristic of EAF and that in other 
situations (e.g. small-scale fisheries) the hum an dimensions of the fishery system and 
relative issues m ay be predom inant. GIS is expected to  be of use in bo th  situations.

As a contribution tow ards the process of linking GIS w ith  EAF, FA O  compiled 
tw o databases, w hich will eventually form  part of the GISFish Internet site14. The first 
database provides a list of papers w hich address spatial aspects of EAF and the second 
database provides a list of Web sites containing inform ation on the uses of GIS and 
spatial analyses in the EAF. In Table 5.3 below, the papers are categorized by the EAF 
application area addressed, e.g. biodiversity, and by  the main GIS role discussed, i.e. 
“m apping”, “m odelling”, “m anagem ent” and “com m unications” (refer Section 4).

The table shows that the various categories of publications devoted to the use of 
GIS for EAF are rem arkably well distributed among mapping, modelling, management 
and com m unication, indicating that w ithin the context of these roles a broad range of 
issues are currently  being addressed. The 52 papers in the “C om m unications” category 
convey in a m ore general sense the linkage between EAF and GIS. This area is very 
well represented in the literature. However, m any im portant areas such as “M apping 
the impact of fisheries”, “M apping catch and effort d istribu tions” and “M odelling 
of spatial stock assessment” are receiving very little attention. As m entioned earlier 
in this section, GIS applications for EAF are rarely show n to address w ider social 
and economic issues but this m ay be a reflection on the process used to select the 
214 papers for inclusion in the FA O  database. For instance, the search for these 
papers was conducted using the Aquatic Sciences and Fisheries Abstracts (ASFA)15 
bibliographic database and perhaps this database itself is not being furnished w ith a 
w ide enough array of papers to account for the holistic EAF approach as perceived by 
Cochrane et al. (2007).

14 See w w w .fao.org/fishery/gisfish/index.jsp
15 See w w w .fao.org/fishery/asfa  fo r additional inform ation.

http://www.fao.org/fishery/gisfish/index.jsp
http://www.fao.org/fishery/asfa
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TABLE 5.3

C ategories o f GIS publica tions re la ting  to  EAF

Main GIS role Main EAF application area addressed No. of papers
M a p p in g Im p ac t  o f  f i she r ie s 2
M a p p in g C atch  a n d  e f f o r t  d is t r ib u t io n s 1
M a p p in g Ecosystems o r  e c o r e g i o n s 19
M a p p in g Biodivers ity 4
M a p p in g H ab i ta ts 6
M a p p in g Species  d i s t r ib u t io n s 7
M a p p in g M a n a g e m e n t  r e g u la t i o n s 1
M a p p in g M ult ispec ies  analysis 9
M a p p in g Social a n d /o r  e c o n o m ic  im p a c t  s tu d ie s 1
M a p p in g Ind ica to rs 13
M o d e l l in g MPA (des ign ,  im p l e m e n t a t i o n ,  m o n i to r in g ) 21
M o d e l l in g Ecosystem m o d e l l in g 26
M o d e l l in g Spat ia l  s tock  a s s e s s m e n t 4
M a n a g e m e n t I n t e g r a t e d  m a r in e  m a n a g e m e n t  a n d  p l a n n in g 32
M a n a g e m e n t Fisheries m a n a g e m e n t  sys tem s 15
M a n a g e m e n t Fisheries d e v e l o p m e n t 1
C o m m u n ic a t io n s Principles,  p rac t ices ,  case  s tu d ie s  a n d  issues w h ich  

c o n s t i t u t e  t h e  f o u n d a t i o n  f o r  EAF 52

Total papers 214
Source: www.fao.org/fishery/gisfish/ index.jsp)

http://www.fao.org/fishery/gisfish/index.jsp
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6. Implementing GIS for EAF

6.1 INTRODUCTION AND UNDERLYING ASSUMPTIONS
The previous sections have provided inform ation on EAF principles for im plem entation 
(Section 2), the h istory  and use of GIS in marine fisheries (Section 3), the opportunities 
for GIS to support EAF im plem entation (Section 4), and case studies describing the 
practical use of GIS for EAF (Section 5). In this section, the authors outline some of 
the underlying assum ptions regarding GIS implementation. They then refer back to 
the EAF im plem entation fram ew ork recom m ended by FA O  as set out in Section 2 and 
consider the degree to w hich GIS can provide explicit input to  the process. In doing 
so, they  highlight the areas w here GIS can presently  provide support and inform ation 
to fill gaps that exist. They provide detailed suggestions for building GIS capacity as 
it relates to EA F and finally discuss the challenges to the use of GIS to  support EAF 
im plementation.

In m any ways the considerations required for im plem entation of a GIS to  aid EAF 
will not be different from  considerations required for the im plem entation of any GIS. 
There is p lenty  of literature and web-based inform ation to advise on the latter (e.g. 
Fo and Yeung, 2002; Fongley et a l ,  2005; W right et al., 2007, Yeung and Brent Haii, 
2007)16. In this section, the authors are concerned not w ith  GIS im plem entation p e r se,
i.e. the practical considerations and procedures for physically acquiring the system, but 
w ith the general concepts pertaining to  GIS and to its links w ith  EAF. They assume 
that the reader is familiar w ith  at least some of the basic functioning of GIS for EAF. 
Their assum ptions about the readers’ familiarity w ith GIS appear in Box 6.1.

It is im portant to  highlight the above because the im plem entation of a GIS is not 
easily carried out and requires prelim inary preparation. A GIS can be a very complex 
system, one that involves m any technologies and w orking skills and can be capital 
intensive. Having said this, it w ould still be possible to  im plement a GIS specifically for 
EAF w ork  w ithout p rio r basic preparation but the learning curve w ould be long and 
there m ay be added prelim inary considerations concerning the system ’s requirem ents 
and feasibility. However, the ou tput from  the system m ay be extrem ely significant in 
terms of perpetuating f isheries, ecosystems and biodiversity, and, of course, maintaining 
a socio-econom ic milieu that is dependent upon the resources being exploited. All of 
the preparations listed in Box 6.1 are vital to  the success of GIS im plementation. 
Further discussion on this po int is outside the scope of this paper.

6.2 THE SCOPE OF GIS AND USER REQUIREMENTS
In this section, discussion is concerned w ith elements of the “S” in GIS. A GIS will 
only function well if the system is fit fo r its purpose so it is imperative that careful 
consideration be given to  w hat the system will actually do and how the w hole system 
will be established. For instance, an individual or small organization can undertake 
GIS projects using a single desktop IT  system. U ndoubtedly, m uch fisheries GIS w ork  
has been very successfully perform ed at this operating scale o r at a slightly larger scale,

16 See also Web sites at w w w .gis.com /im plem enting_gis/index.htm l and 
w w w .innovativegis.com /basis/prim er/im plissues.htm l

http://www.gis.com/implementing_gis/index.html
http://www.innovativegis.com/basis/primer/implissues.html
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BOX 6.1
The assumptions underlying the discussion on implementation

of GIS for EAF
• There exists an appreciation of the need for EAF and its processes, including scoping 

and identification of objectives.
• There exists an appropriate group or institu tion  in  charge of the im plem entation of 

GIS for EAF. Thus, it is im portan t that one organization have the capacity to  deal w ith  
the com plexity of collating, storing and analysing data on  the spatial com ponents of an 
ecosystem.

• There is some fam iliarity w ith  the basic purpose and functioning of a GIS.
• The operational and m anagem ent environm ent, and the system ’s p rocurem ent 

procedures have been dealt w ith.
• A  GIS will function  in  an IT  w ork  environm ent equipped w ith  the requisite skills, w here 

innovation  thrives and w here the system ’s operating requirem ents and its lim itations are 
recognized and appreciated.

• Fisheries lie at the core of the GIS for EAF, even w hen the GIS is interoperable w ith, 
for instance, a GIS developed as part of “an ecosystems approach to  shipping” or a GIS 
being used by  an aggregate com pany to  m onitor its environm ental impact.

• There is recognition that the benefits gained th rough  the use of GIS are likely to  
outw eigh the costs involved.

• Some aspects of the GIS design such as user identification, netw orking arrangem ents 
and hardw are requirem ents m ay already have been determ ined.

• Procedures are in  place for m aintaining, upgrading and servicing the data and the GIS- 
based system itself.

• The various stakeholders (those having com m on or com peting interests) m ay for the 
m ost part have been identified.

w hereby num erous com puters m ay be integrated into a Local Area N etw ork  (LAN). 
However, in this era of EAF, w orking entirely at a local scale is unlikely to  be sufficient 
o r successful. Furtherm ore, because EAF will often entail collaboration at the cross- 
sectoral level, consideration should be given to  developing the GIS as a utility  to  be 
shared among the relevant institutions or departm ents. In this section, the authors 
highlight some of the main considerations required for operating GIS in both  the m uch 
broader functional IT  environm ent and the w ider environm ental, social, economic and 
political spheres that the EAF will demand.

Figure 6.1 shows the steps in the design of a typical GIS. In the literature, there are 
m any variations on this system developm ent model. F urther details of system design 
are given in Tom linson (2007) and Peters (2008)17. The first tw o steps of the system 
developm ent process are examined in this section. Detailed inform ation on the third 
step of the process, i.e. drawing up a developm ent plan, including im portant capacity- 
building activities, is contained in the following section (Section 6.3).

6.2.1 T he ob jec t ives  a n d  sco p e  o f  GIS in s u p p o r t  o f  t h e  EAF im p le m e n ta t io n  
f r a m e w o rk
The com bined first tw o steps in GIS development, i.e. defining objectives of the GIS 
and establishing the scope for the GIS, are discussed in relation to the four steps in the

17 F o r  users w ho are in terested in a m ore detailed and holistic approach to  determ ining w ays to
successfully apply  GIS to solve problem s or create new  opportun ities and services in an organization, 
the R etu rn  on Investm ent (R O I) m ethodology provides an achievable, fact-based and benefits-focused 
approach to  quantifying re tu rn  on  investm ent. T he m ethodology enables po ten tial GIS users to  gain 
backing and build  consensus am ong organization  stakeholders, w hile educating and preparing  them  for 
change. F o r additional inform ation  see h ttp ://ro i.esri.com /index .cfm .

http://roi.esri.com/index.cfm
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FIGURE 6.1
S teps in th e  d ev e lo p m en t o f a typical GIS an d  GIS im p lem en ta tion
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Source: The authors.

EAF im plem entation fram ew ork as set out in Section 2 (refer Figure 2.1), namely:
• scoping
• setting operation objectives
• form ulating actions and rules
• establishing a m onitoring, assessment and review system

Each step of the EAF fram ew ork in tu rn  is considered in term s of the ability of 
GIS ability to  provide support for each step of the EAF im plem entation framewave 
is considered, drawing on inform ation provided in section 3 to 5. Table 6.1 provides a 
sum m ary of the linkages between specific indicators and operational objectives in the 
EAF im plem entation fram ew ork and the role of GIS.

EAF im p le m e n ta t io n  f r a m e w o rk  S tep  1: Scoping
Mapping ecosystem components and interactions
The initial step in the im plem entation fram ew ork involves the definition of a 
management area based on the geographic scope of the fisheries, the ecosystem within 
which they reside and all key interactions w ith  stakeholders and resource users. 
U nderstanding the extent of all these elements and how  they  interact will require 
access to  m uch geographic inform ation, provision of w hich a GIS has an obvious role. 
As described in earlier sections, a GIS is well suited to m apping a range of ecosystem 
properties and hum an interactions including: existing management regulations; target 
and non-target resources, both  living and non-living; sea-bed habitats and features
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of conservation value, and other ecosystem properties of value; and hum an pressures 
and activities. Identifying the features to  be m apped will require dialogue am ong the 
various stakeholders. Feature identification will likely be an iterative process, w ith 
an initial set of maps being generated on the basis of stakeholder input, followed by 
further refinem ent o r enhancem ent on the basis of follow -up discussions.

M odelling to predict ecosystem components and interactions
D irect observations will rarely be possible for all features of interest, such as the 
distribution of target and non-target resources, so some features will need to  be 
inferred through modelling and prediction. For m any developing countries, access to 
data will be further reduced and models m ay be unsuitable for accurate prediction. In 
these cases, expert judgem ent could be used. Indeed, expert judgem ent will be essential 
in the m apping of ecosystem features and properties, regardless of the level and quality 
of available data and model predictions.

Mapping m anagem ent regulations
M anagement regulations, w here they exist, will almost certainly contain sufficient 
geographic inform ation to allow them  to be mapped. G eneration of digital maps of all 
the management regulations currently  in operation is an activity in w hich all countries 
can in principle engage, regardless of their current developmental status.

G IS  support to EAF im plem entation fram ew ork Step 1: Scoping
K ey areas w here GIS could presently  support Step 1 (scoping) of the EA F 
im plem entation fram ew ork can be sum m arized as follows:
• through online services, im proving access to existing inform ation and data on 

ecosystem properties, both  hum an and ecological, and the ways they interact;
• generating digital maps of target and non-target resources, key ecosystem 

properties and features of conservation interest, and hum an pressures and 
activities, using direct observations, m odel predictions or expert knowledge;

• generating digital maps of all m anagement regulations operating w ithin the 
ecosystem;

• visualizing ecosystem regulations and properties in order to  stimulate discussion 
w ith  stakeholders over the scope and definition of the management area; and

• managing spatially-structured data of relevance to the EAF management area.
The role for GIS in support of Step 1 will be played largely through its capability

to generate m apping output as an aid to  decision-making, w ith maps perhaps being 
derived from  integrated data emanating from  disparate sources.

EAF im p le m e n ta t io n  f r a m e w o rk  S tep  2: S e t t in g  o p e ra t io n a l  ob jec t ives
Mapping to visualize ecosystem components and interactions being addressed by 
objectives and to measure rates o f  change in ecosystem features being managed  
Setting broad and specific objectives for fisheries falling w ithin the scope of the 
management plan will not necessarily require the explicit use of GIS aside from  the 
obvious benefits that digitally created maps bring to the understanding of ecosystem 
properties and the w ay they interact. Objectives will need to be developed from  the 
best available inform ation and have practical relevance to  the fisheries they are designed 
to  manage. They must, therefore, be expressed in a w ay that managers and stakeholders 
can understand, and here GIS m ay be able to offer support by generating visual 
descriptions of the properties that the objectives are trying to  address. For example, the 
Eastern Scotian Shelf Integrated O cean M anagement Plan (ESSIM) described in Section 
5.3 included objectives relating to the preservation of sensitive habitats. The next step 
is to  develop a quantifiable and measurable set of indicators, such as the spatial extent 
of the feature to be conserved. In this example, digital spatial data will be needed to
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m onitor rates of change in the extent of the feature w ithin the given management 
area and w hen m apped can be used to  understand interactions w ith  hum an pressures 
and how  these change following management interventions. M anagement rules can, 
therefore, be adjusted in an adaptive m anner as new inform ation is generated.

Mapping and modelling to construct indicators
The role of GIS in constructing indicators and, in particular, in establishing the link 
between pressure and state indicators is currently  very m uch a research activity. As 
the volumes of ecosystem data grow and models of ecosystem processes become more 
spatially explicit, indicators are expected to  become m ore spatially resolved. Given 
the expense of collecting the necessary data for indicators of ecosystem state, it is 
likely that in the short- to  m edium -term , managers will have to  rely m ore heavily on 
hum an pressure indicators as these can be measured m ore easily and cheaply. GIS can 
help in the construction of hum an pressure indicators by  using a range of mapping 
and modelling techniques and can also help to better understand the ways in which 
hum an pressures interact by estimating cumulative pressures from  multiple sources as 
described in Section 4.2.

Using an example presented in the FA O  guidelines (2003), w hich compares potential 
objectives w ith example indicators and data requirem ents (Table 6.1), the authors 
consider how  the analysis of spatial com ponents and the effective use of GIS can play 
a role in improving our knowledge of the underlying processes w ithin the ecosystem 
and can assist in the decision-m aking process for the im plem entation of an EAF.

G IS  support to EAF im plementation fram ew ork Step 2: Scoping
Key areas w here GIS could presently support Step 2 of the EAF im plem entation 
fram ew ork can be sum m arized as follows:
• visualizing ecosystem properties to  im prove understanding by  managers and n on­

technical stakeholders in order to facilitate discussions over the developm ent of 
realistic and practical objectives and supporting indictors;

• constructing and visualizing spatially explicit indicators; and
• visualizing the outcom es of spatially explicit models that describe interactions 

between pressure and state indicators in order to  allow management scenarios to 
be explored and assessed.

EAF im p le m e n ta t io n  f r a m e w o rk  S tep  3: Form ula t ing  ac tio n s  a n d  rules
Mapping ecosystem components and interactions to guide m anagem ent rule 
form ulation
O nce objectives have been set for the fisheries and other ecosystem properties, 
management rules designed to influence hum an activities will need to be form ulated 
and may include catch limits, gear restrictions, closed areas o r seasons and technological 
m odifications to  fishing gear. GIS can help to better understand the current set of 
spatio-tem poral interactions between resources and the hum an activities that exploit 
them  and in so doing help guide w here management rules will be m ost effective. For 
example, maps showing w here levels of bycatch are highest and w here sensitive habitats 
are located will prove critical to managers seeking to  reduce the effects of fishing on 
non-target ecosystem com ponents.

Modelling ecosystem interactions to visualize effects o f  m anagem ent interventions 
W hen com bined w ith appropriate model algorithms, GIS can also prove effective 
in locating MPAs designed to  meet nature conservation objectives while taking 
into consideration objectives for fisheries and other ecosystem com ponents, as 
dem onstrated in Section 4.3.
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GIS can also help visualize modelled interactions between pressure and state indicators, 
and similarly fleet movements and behaviour in response to management. M odel 
outputs visualized w ithin geographic space have the potential to help managers assess 
potential outcom es of management options through their effects on pressure and state, 
allowing selection of interventions that seem m ost likely to achieve progress w ith  the 
relevant objectives.

TABLE 6.1

The ro le o f GIS in linking ind icators and  o p e ra tio n a l ob jectives

Objective Example indicator Data requirements GIS role
Fishery resources (target species)
R ed u ce  f i s h in g  e f fo r t Fishing e f f o r t  of  

d i f f e r e n t  f le e ts
Vessels, t i m e  f i s h e d  a n d  
g e a r  t y p e  p e r  f l e e t

Analysis  o f  t h e  spa t ia l  
d i s t r ib u t io n  o f  f i sh ing  
e f f o r t  t h r o u g h  VMS, 
lo g b o o k  d a t a ,  spa t i a l  
m o d e l l in g

I n c re a s e /m a in ta in  fish 
l a n d in g s  o f  com m e rc ia l ly  
v a lu a b le  spec ies  by  a re a

Fish l a n d in g s  by  m a jo r  
spec ies  by  a re a

Total  l a n d in g s  by  m a jo r  
spec ies  p e r  f l e e t  p e r  
y e a r

Analysis  o f  t h e  spa t ia l  
d i s t r ib u t io n  a n d  
v a r iab i l i ty  in c a tch  d a t a ,  
a n d  vessel a n d  g e a r  t y p e s  
f o r  l a n d in g  sites

In c re a se /m a in ta in  
s p a w n i n g  s tock  b io m a s s  of  
key  r e t a i n e d  spec ies  a b o v e  
a p r e d e f i n e d  limit

S p a w n in g  s tock  b io m a s s  
o f  t h e  key  r e t a i n e d  
spec ies  (o r  s u i t a b l e  p roxy  
such  as t h e  s t a n d a r d i z e d  
c a tch  p e r  u n i t  o f  e f fo r t  
(CPUE)

L e n g th  a n d /o r  a g e  
c o m p o s i t i o n  o f  m a jo r  
r e t a i n e d  spec ies

Id e n t i f ica t io n  of 
s p a w n i n g  a re a s  t h r o u g h  
analysis  o f  sc ienti f ic  
su rvey  d a t a  u s ing  
g e o s ta t i s t ic a l  m e t h o d s  
f o r  id e n t i f i c a t io n  o f  a r e a  
p r e f e r e n c e s

Other ecological concerns
R ed u ce  n u m b e r  o f  d e a t h s  
o f  v u ln e r a b l e  a n d /o r  
p r o t e c t e d  spec ies  t o  a 
p r e d e f i n e d  level

N u m b e r  o f  d e a t h s  
o f  v u l n e r a b l e  a n d /o r  
p r o t e c t e d  spec ies

Catch  o f  v u ln e r a b l e  
a n d /o r  p r o t e c t e d  
s pec ies  a n d  c a tch  of 
n o n - f i sh e ry  m a te r ia l  
(critical h a b i t a t )

Id e n t i f ica t io n  o f  critical 
h a b i t a t s  a n d  essen t ia l  
fi sh h a b i t a t s

D e c r e a s e /m a in ta in  t h e  
s a m e  a r e a  o f  t h e  f i she ry  
im p a c te d  by  g e a r

A re a  o f  t h e  f i she ry  
im p a c te d  by g e a r

A re a  f i s h e d  by  e ac h  
f l e e t

Id e n t i f ica t io n  o f  a r e a s  of 
f i s h in g  act iv it ie s  t h r o u g h  
analysis  o f  VMS d a t a ,  
lo g b o o k  d a t a  a n d  spa t ia l  
m o d e l l in g

Inc rease  t h e  a m o u n t  of  
h a b i t a t  p r o t e c t e d  by  MPAs 
t o  a p r e d e f i n e d  level

A m o u n t  o f  h a b i t a t  
p r o t e c t e d  by  MPAs

A re a  u n d e r  MPAs by 
h a b i t a t s

MPA m o d e l l in g ,  MPA 
loca t ion ,  id e n t i f i c a t io n  of 
critical h a b i t a t s

Inc rease  r a t i o  o f  l a rg e  fish 
in t h e  c o m m u n i ty

Size s p e c t r u m  o f  t h e  fish 
c o m m u n i ty

L e n g th  o f  f ish in a 
r e p r e s e n t a t i v e  s a m p l e  
o f  t h e  c o m m u n i ty

Id e n t i f ica t io n  o f  spa t ia l  
d i s t r ib u t io n  o f  spec ies  
a t  d i f f e r e n t  life s t a g e s  
t h r o u g h  t h e  analysis  of  
scienti f ic  surveys

M in im ize  t h e  im p a c t  of 
o t h e r  act iv it ie s  o n  fish 
re s o u rc e s  a n d  h a b i t a t s

A re a  o f  fi sh n u rs e ry  
h a b i t a t  d e g r a d e d

A r e a  o f  h a b i t a t ,  
e .g .  s e a g ra s s  beds ,  
m a n g r o v e s  a n d  cora l 
r e e fs

A ss e ss m e n t  a n d  m a p p i n g  
o f  o t h e r  act ivities,  
id e n t i f i c a t io n  o f  critical 
h a b i ta t s ,  id e n t i f i c a t io n  
o f  n u r s e ry  a reas ,  lo ca t io n  
o f  MPA

Economic
Inc rease  ex p o r t s E xpor t  v a lu e D e s t in a t io n  o f  l a n d in g s  

f r o m  e a c h  f l e e t
Analysis  o f  l a n d in g s  
by  la n d in g  sites  a n d  
in c o n n e c t io n  w i th  
e c o n o m ic  in f r a s t ru c tu r e s

Social
M a in t a in  o r  im p r o v e  
cu l tu ra l  v a lu e s

C ultu ra l  v a lu e Cultu ra l  s i tes  a n d  v a lue s M a p p in g  o f  t h e  cu l tu ra l  
si te s  t o  b e  p re s e r v e d

Management activity
Have w e l l - d e v e lo p e d  
m a n a g e m e n t  p lans,  
inc lud ing  in d ica to rs  a n d  
r e f e r e n c e  p o in ts ,  a n d  
e n s u r e  a n  e v a l u a t io n  
p r o c e d u r e  is in p lace  f o r  all 
f ishe r ie s

N u m b e r  o f  f ishe r ie s  
w i th  w e l l - d e v e lo p e d  
m a n a g e m e n t  p lans ,  
in c lu d in g  in d ica to rs  a n d  
r e f e r e n c e  p o in t s

N u m b e r  o f  f ishe r ie s  
w i th  w e l l - d e v e lo p e d  
m a n a g e m e n t  p lans,  
inc lud ing  o p e r a t io n a l  
ob jec t ives ,  ind ic a to rs  
a n d  r e f e r e n c e  p o in t s

M a p p in g  o f  f ishe r ie s  
o p e r a t i n g  a reas ,  analysis  
o f  confl ic ts ,  ju r i sd ic t iona l  
s p a t ia l  f r a m e w o r k

Source: A dapted from F AO, 2003.
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G IS  support to EAF im plementation fram ew ork Step 3: Formulating actions and, rules 
Key areas w here GIS could presently support Step 3 of the EAF im plem entation 
fram ew ork can be sum m arized as follows:
• visualizing interactions between resources and hum an activities, w hether these 

interactions are represented by  direct observations or model predictions, to  help 
guide the form ulation of m anagement rules;

• assessing the efficacy of management scenarios in meeting ecosystem objectives 
w hen coupled w ith  models of ecosystem interactions, in particular models that 
describe links between pressure and state indicators;

• generating options for locating MPAs designed to  meet nature conservation 
objectives while taking other ecosystem properties into consideration; and

• generating options for adaptive spatial management plans and management in 
response to  climate change and other environm ental pressures.

EAF im p le m e n ta t io n  f r a m e w o rk  S tep  4: Establishing a m o n i to r in g ,  
a s s e s s m e n t  a n d  rev iew  sy s tem
Mapping and modelling to measure progress against m anagem ent objectives 
M any of the uses of GIS to  support Steps 1-3 of the EAF im plem entation fram ew ork 
will have relevance to  Step 4. For example, the collection and visualization of new data 
and their translation into indicators and input to  ecosystem models will allow progress 
against management objectives to  be m onitored. GIS will also have an explicit role 
to play in m onitoring, control and surveillance of fisheries and other resource users 
through VMS o r their equivalents and electronic logbooks.

G IS  support to EAF implementation fram ew ork Step 4: monitoring, review and  
assessment
Key areas w here GIS could presently support Step 4 of the EAF im plem entation 
fram ew ork can be sum m arized as follows:
• visualizing new data and updated model runs describing ecosystem com ponents 

and interactions -  typically expressed in the form  of indicators -  to  allow progress 
against management objectives to be assessed; and

• providing the fram ew ork for m onitoring, control, and surveillance systems 
designed for the operational management of fisheries and other hum an activities.

6.2.2 S tr e n g th e n in g  t h e  u se  o f  GIS fo r  EAF im p le m e n ta t io n
To sum m arize the previous section, the strongest role GIS will play in EAF 
im plem entation will be in generating visualizations of ecosystem com ponents and 
interactions, w hether from  direct observations o r model predictions, and similarly 
visualizations of management regulations designed to  protect and conserve both 
target and non-target com ponents. GIS will also provide an effective fram ew ork for 
the management and distribution of geospatial data through online services and act 
as the platform  or interface for operational systems designed to  manage fishers and 
other resource users. For GIS to become fully effective in these areas, a num ber of 
developments will be needed to  strengthen and enhance existing GIS capabilities. These 
developments are sum m arized in Table 6.2 below.

Fisheries m anagement under EAF should be aimed at achieving the agreed 
objectives (FA O, 2005), and the authors have shown how  this should be achieved via 
a careful review of the EAF fram ework. W hat spatial inform ation is needed to  feed 
into the decision-m aking process will become clear once the operational objectives and 
indicators have been identified. The authors envisage that the setting of objectives and/ 
or indicators m ight involve a complex series of discussions among diverse stakeholders 
w ho m ay not necessarily represent a single region, area or country. O nce again, it is 
im portant to  stress that the effective im plem entation of an EAF does not necessarily
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require a full knowledge of all ecosystems com ponents. In m ost cases, the lack of
data o r time or capacity w ith in  the governing institution suggests a more pragmatic
approach in w hich fewer objectives may be initially achievable. Nevertheless, the
authors believe that GIS can contribute to  filling in some of the gaps relating to  our
knowledge of the ecosystems, especially the gaps relating to the spatial behaviour and
distribution of ecosystem biotic and abiotic com ponents.
TABLE 6.2

D evelopm ents n eed ed  fo r th e  s tren g th en in g  an d  enhanc ing  o f ex is ting  GIS capabilities

GIS capability Strengthening mechanism/activity

C om pi l ing  o b s e r v a t i o n s  o n  eco sy s tem  c o m p o n e n t s  ( h u m a n  a n d  
b io log ica l)  a n d  t r a n s l a t i n g  t h e s e  o b s e r v a t i o n s  i n to  in d ica to rs  u s ing  
c o m m o n  s t a n d a r d s

F u r th e r  e n h a n c i n g  o f  p red ic t iv e  m o d e l l i n g  o f  e co s y s tem  c o m p o n e n t s  t o  
p ro v id e  i n f o r m a t io n  w h e n  d i r e c t  o b s e r v a t i o n s  a r e  n o t  poss ib le  

C o n s t r u c t in g  spa t ia l ly - re so lve d  p red ic t iv e  m o d e l s  c a p a b l e  o f  d e sc r ib ing  
t h e  c ausa l  link b e t w e e n  p re s s u re  a n d  s t a t e  ind ica to rs  

S t r e n g t h e n i n g  links b e t w e e n  eco sy s tem  m o d e l s  a n d  GIS t o  a l lo w  g r e a t e r  
o p t io n s  f o r  v isua l iz ing  m o d e l  o u t c o m e s  a lo n g s i d e  a w i d e  a r r a y  o f  
e co s y s tem  c o m p o n e n t s

D e v e lo p in g  s t a n d a r d s  f o r  v isual iz ing  e co s y s tem  c o m p o n e n t s  d e sc r ib ed  
u s ing  e x p e r t  k n o w l e d g e  a lo n e  f o r  a r e a s  w h e r e  p re d ic t iv e  m o d e l s  a r e  
u n a v a i l a b l e  a n d  o b s e r v a t i o n s  a r e  n o t  poss ib le  

R e p r e s e n t in g  all m a n a g e m e n t  r e g u la t i o n s  in d ig i ta l  f o r m  a n d  
d e v e l o p in g  sys tem s  o f  i n t e r p r e t a t i o n  t o  a l lo w  c o m p le x  m a n a g e m e n t  
ru les  t o  b e  m o r e  eas ily u n d e r s t o o d  by  non -spec ia l is ts  

D e v e lo p in g  d a t a  r e p o s i to r ie s  (a rch ive  c en t re s )  f o r  eco sy s tem  
c o m p o n e n t s
S t r e n g t h e n i n g  t h e  links a m o n g  a n d  t o  a rch ive  c e n t r e s  via  t h e  In t e r n e t  
t o  a l l o w  g r e a t e r  access  t o  d a t a  by  t h e  p ub l ic  a n d  t h e  s t a k e h o ld e r s  

F u r th e r  e x p a n d i n g  ex is t ing  f i she r ie s  su rve i l lance  system s ,  such  as VMS, 
t o  all la rge -sca le  co m m e rc ia l  a n d  indus tr ia l  f ishe r ie s  
Im p ro v in g  access  t o  act iv ity  d a t a  g e n e r a t e d  by  e x p a n d e d  f ishe r ie s  
s u rve i l lance  system s  t o  a l lo w  r o u t i n e  a s s e s s m e n ts  o f  p re s s u re  f r o m  
re s o u rc e  u sers  by  scient is ts  a n d  m a n a g e r s
I n t r o d u c in g  e le c t ro n ic  lo g b o o k  s c h e m e s  w i th in  a GIS f r a m e w o r k  t o  
a l lo w  m a n a g e m e n t  a c t io n s  t o  b e  m o r e  re sp o n s iv e  
D e v e lo p in g  o p e r a t i o n a l  s y s tem s  o f  i n t e g r a t e d  m a r in e  m a n a g e m e n t  
w i th in  w h ich  system  EAF w o u l d  f o r m  a s u b c o m p o n e n t  

Source: The authors .

6 .B CAPACITY BUILDING TO ENABLE GIS USE
The success of an effective im plem entation of GIS to  support EAF largely depends 
on:
• the availability of an enabling environm ent, either at local, national or international 

level or w ithin a specific institution, including the availability of skills and 
competencies among personnel w ho have a clear understanding of the advantages 
and disadvantages of GIS;

• the availability of p roper hardware, adequate technological infrastructures and 
software, all im portant aspects of the capacity of an institution to  deal w ith 
the com plexity of collating, storing and analysing spatial com ponents of an 
ecosystem;

• training opportunities and access to  adequate support to prom ote the building of 
national capacities; and

• the accessibility to  suitable data. D ata accessibility will include practical cost 
considerations, data requirem ents, potential data sources plus a knowledge of data 
collection, storage and upkeep methods.

It is the above factors that collectively will build the capacity for GIS w ork. A look 
in m ore detail at capacity-building measures is presented in the subsections below. 
However, given the scope of this technical paper, w hich is to  deal w ith  concepts rather

G e n e r a t i o n  o f  v isu a l iza t io n s  
o f  e co s y s tem  c o m p o n e n t s  
a n d  in te ra c t io n s ,  a n d  
m a n a g e m e n t  r e g u la t i o n s

M a n a g e m e n t  a n d  
d i s t r ib u t io n  o f  g e o s p a t i a l  
d a t a

P la t f o rm / in te r f a c e  fo r  
o p e r a t i o n a l  m a n a g e m e n t  
sys tem s  t a r g e t i n g  f ishe r ie s  
a n d  o t h e r  h u m a n  act iv it ie s
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than practicalities, it is assumed that readers have some background in GIS per se and, 
therefore, will not be setting up a system from  scratch. The underlying assum ptions 
made regarding GIS im plem entation for EA F were m entioned in Section 6.1.

The application of GIS for an EAF will likely necessitate m any m ore GIS-related 
considerations than are presently  being taken into account. Readers m ay not be 
familiar w ith  some of the m ore recent trends and developm ents in GIS applications. It 
is to  these m atters that the discussion now  turns.

6.3.1 GIS c o n f ig u r a t io n  a n d  s y s te m  a r c h i t e c tu r e
O u r concern in this subsection is w ith  the overall system design (or architecture) of 
the GIS mainly in term s of its hardware and software, i.e. based on the operational 
and system needs of the GIS users. Thus, it will be im portant to have the w hole GIS 
functioning in an optim um  w ay in term s of costs, efficiency and quality of output. The 
main questions to ask are “Will the demands of GIS for EAF be likely to affect the 
system ’s architecture?” and “W hat might be the main configuration features of a GIS 
for EA F?” It should be pointed  out that determ ining the system requirem ents is not 
an “exact” science due to  the dynam ic nature and num ber of variables that m ust be 
considered, m atters that are com pounded by  the rapid evolution of GIS software and 
associated technology.

The present use of GIS for fisheries-based w ork  (research o r management) is likely 
to be characterized by:
• small scale, a single seat or several seats on a limited L A N  usually situated w ithin 

a single institution;
• pressure to perform  a variety of ad hoc mapping, m odelling o r management 

tasks;
• very little w ork  contact w ith  outside (external) GIS users;
• developm ent of in-house ways of w orking, often quite successfully;
• limited internal support w ithin the institution; and
• perform ance of a wide range of tasks, all of w hich require learning and frequent

training upgrades.
The physical GIS operational systems for achieving present ou tpu t goals will vary 

greatly from  one establishment to  another depending on factors such as the size of 
the institution, funding availability, goals for the GIS w ork  and the ingenuity of 
the GIS operatives. Systems will typically be confined to  a few w orkstations, either 
independent or perhaps connected to  a central server, and various peripheral hardware 
for data input purposes and for hardcopy output. It is likely that input devices such as 
digitizers and scanners will not be used, having given w ay to  C D -R O M S and to  Web- 
delivered software, images or data.

As pointed out in Sections 2, 4 and 5 above, in order to  adopt an ecosystem 
approach to fisheries, the GIS system will need to  broaden its functionality, i.e. it will 
need to  greatly expand its inform ation and participation netw ork. This will necessitate 
the establishm ent of contacts, lines of com m unication and good w orking relationships 
w ith num erous o ther individuals, groups and institutions -  those people w ho are 
involved in the com plete fisheries ecosystem environm ent.

From  a practical GIS w orking perspective, various decisions will need to  be taken, 
prim arily based on the results of the scoping exercises described in Section 6.2. These 
decisions concern the physical nature of the IT  environm ent, including the system 
architecture that can best achieve the overall objectives of the EAF. The types of 
questions that need to  be addressed are show n in Box 6.2. Answers to  these questions 
should be derived in meetings and w orkshops specifically set up in order to get the 
w ider functioning GIS efficiently operational.

It is beyond  the scope of this p ap er to  specifically advise on all of the various 
aspects of a suitable G IS system  fo r E A F w o rk . A  m ultitude of possib le com pu ter



62 G eographie  In fo rm a tio n  S ystem s to support the  ecosystem  approach to fisheries

configurations are possible. C o m p u te r processing  capacity  itself needs to  be the 
highest affordable w ith in  budgetary  constra in ts, and indeed F A O  (2008a) notes: 
“T here can be considerable com puting  requirem ents fo r som e of the m oderate 
to  m ore com plex ecosystem  m odels. This is p articu la rly  the case if there is high 
spatial, tem poral o r taxonom ic re so lu tio n ” . H ow ever, m ost GIS w o rk  fo r fisheries 
m anagem ent can be carried o u t on high specification, standard  desk top  com puters 
and it is likely tha t existing co m p u ter hardw are and softw are w ill suffice un til the 
G IS /E A F  w o rk  is w ell underw ay.

The three main alternative system configurations relevant for GIS w ork  are the 
“stand-alone”, the centralized and the distributed configurations, each of w hich can be 
adjusted in m any ways to  suit individual circumstances and needs. Figure 6.2 illustrates 
the basic hardware com ponents of a stand-alone configuration: a personal computer, 
a C D -R O M  drive, a scanner, an Internet connection and a printer. D ata input to  the 
personal com puter can be from  the C D -R O M  drive (which m ay be internal or external 
to  the com puter), the scanner and Internet sources. D ata output from  the personal 
com puter is com m only to an ink-jet o r laser printer, though it can be to  a larger plotter. 
This basic configuration allows one user to perform  GIS w ork. W ith a relatively high 
specification com puter, sophisticated GIS w ork  can be perform ed. Figure 6.3 illustrates 
the main features of a centralized com puting environm ent. In this configuration, one 
central server supports GIS file and database transactions, w ith  the server being linked 
to  a local area netw ork (LA N) and /o r a w ide area netw ork (W AN) to accommodate 
m any users simultaneously. Rem ote users on the W A N  w ho require data from  the 
central server w ould link to  the central server via a term inal server. Rem ote browsers 
w ho require data from  the central server w ould link to  the central server via either a 
map server o r a web server. The benefits of a centralized configuration to  a small or 
m edium -sized operation/user consist in reduced hardware needs and adm inistration 
costs, im proved data access and security, and reduced netw ork traffic.

BOX 6.2
Examples of questions that need to be addressed regarding 

the system architecture of GIS for EAF

• W ho are the m ain partners likely to  initially participate in  the broader GIS w ork?
• W ho will be taking the lead role in  GIS w ork  or decision-making?
• W hat is the current range and state of the com puting facilities ?
• W hat type and range of GIS ou tpu t needs to  be produced?
• W hat are the m ain options for the system ’s configuration?
• W ould a new, dedicated EAF com puting system be desirable?
• In  the broadest sense, does each participating partner have adequate com puting/G IS  

capacity?
• Is there a data inventory? W here will the data be stored? H ow  will data be m aintained 

and distributed? W ho will have access to  w hat data?
• Will some w ork  need to  be carried out externally rather than in ternally  by  the main 

partners?
• W hat tasks should individual w orkers perform , i.e. should the aim be fo r each w orker 

to  specialize or to  acquire broad, general knowledge?
• H ow  will w orkflow  patterns be decided?
• Are there im plem entation procedures ready for adoption  if the GIS system needs

expanding?
• Will the GIS be able to  function  com patibly w ith  the system operating in  a neighbouring 

ecosystem area?
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Figure 6.4 illustrates a typical distributed GIS architecture. In the distributed 
configuration, multiple groups of “clients”, w ith  perhaps each client being a group 
of individuals using a L A N  w ithin  one building o r organization, are supported by 
departm ental file/database servers, w hich in tu rn  are supported by one or m any 
distributed file/database servers, each of w hich m ay be located in different parts of 
a W A N. Each distributed file/database source m ight be represented by each of the 
main participants in the EAF. C om pared w ith  the centralized com puting environm ent, 
distributed architecture is m ore expensive to  operate since large am ounts of data 
replication m ay ensue and hardware costs w ould be higher. A lthough the diversity and 
com plexity w ithin an ecosystem management area will determ ine the configuration 
to be used, it is likely that the distributed m odel of com puting will eventually evolve 
as the norm  for CIS in EAF w ork. This is largely a reflection of the fact that when 
a full EAF is operational, it will certainly need to  interact w ith  very diverse groups 
and organizations. However, under various circumstances, a centralized system 
could be em ployed and w hen this is possible, and as long as the data requirem ents 
are manageable, this system is probably  easier from  a management and operations 
viewpoint. It is likely that m ost initial EAF w ork  will deploy this system.

Regardless of the general form  of system architecture selected, in response to  the 
need for increased collaboration, the CIS w orking environm ent will likely undergo a 
num ber of changes requiring a “stricter” or m ore disciplined and integrated approach. 
The types of system -related tasks or procedures that are likely to  be agreed upon and 
regularized include:
• Standards. Keeping to  agreed and strict standards helps to ensure that geospatial 

inform ation will be com patible and interchangeable am ong all participants 
in the EAF group. There are nationally and internationally agreed standards 
to  be observed w ith respect to  various aspects of com puting. In this regard, 
FA O  developed the G eoN etw ork  opensource to  connect spatial inform ation 
com m unities and their data. The G eoN etw ork  is based on International and O pen 
Standards for services and protocols (i.e. ISO /T C 211ls and O G C 19). A detailed 
discussion of standards is beyond the scope of this paper. Kresse and Fadaie (2004) 
provide detailed coverage of GIS standards.

FIGURE 6.2

A minim al s tan d -a lo n e  com puting  con figu ra tion  fo r GIS w ork

Scanner

Printer

CD-ROM
Source: The authors.

18 F o r fu rth er details see w w w .isotc211.org 
10 F o r fu rth er details see w w w .opengeospatial.org

http://www.isotc211.org
http://www.opengeospatial.org
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FIGURE 6.3
A typical cen tra lized  com puting  en v iro n m en t

LAN

n u  i u

W o rk sta tio n *

Source: The authors.

FIGURE 6.4
A typical d is trib u ted  com puting  en v iro n m en t 
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• Workflow and allocation. To ensure a productive w ork  environm ent, systems 
need to  be structured to  avoid anticipated bottlenecks. This m ay affect both 
com puting equipm ent needs and staffing needs.

• Staff training. W orking w ithin a w ider IT  environm ent will create pressure to 
understand m ore of the total GIS process relative to w ider fisheries’ needs.

• Data updating and editing. If it is to  have value, w ork  in the complex marine 
ecosystem areas requires constant attention to data quality. Section 6.3.3 below 
gives m ore details on data needs and sources for GIS.
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• Metadata upkeep and data archiving. Requirem ents to handle a large num ber 
of data sets can only be satisfied w ith  extremely good data management, record 
keeping and archiving systems (see also Section 6.3.3).

• Security. A w ider IT  environm ent will require decisions on access and security 
of access.

• System maintenance. A main task of the person w ho oversees the GIS w ork  will 
be to ensure that IT  systems are operationally functioning for the maximum time. 
This is only achieved if maintenance (in its w idest sense) is adequately addressed.

If required and available, “system analysts” can be em ployed to  give advice on 
system architecture. M any large organizations that m ight be moving to  adopt GIS 
for EAF w ork  are likely to  have in-house IT  personnel w ho can also offer help. A 
num ber of system architecture and design reports can provide the reader w ith  practical 
examples of system analysis and im plem entation strategies, e.g. Parsons Brinkerhoff 
Q uade and Douglas (2004)20, C lough H arbour & Associates LLP (undated)21 and 
G eoN orth  LLC (2007)22.

6 .B.2 GIS s o f tw a re
O nce the scope, objectives and system architecture for an EAF have been identified, 
consideration should be given to the selection of GIS software applications taking into 
account critical success factors and mandates, costs, technical risks, availability and 
type of data, and level of user support (H uxhold and Levinsohn, 1995). M ost groups 
w orking w ith  a fisheries GIS probably  chose and presum ably familiarized themselves 
w ith a core GIS. Given the length of time taken to acquire this familiarity, they in 
most cases will continue using the chosen GIS for EAF w ork  and indeed their use of 
existing GIS software will generate an immediate return  in term s of expediting analysis 
and modelling outputs.

For those persons w ho are starting GIS w ork  in an environm ent w ith  limited 
financial resources, it is useful to  know  that adequate and sophisticated open-source/ 
free, as well as low -price commercial GIS products, such as Q uantum  GIS23, uDig24, 
Manifold25 and IDRISI26, are available for EAF work.

A useful com parison of GIS main functions between tw o popular GIS software 
systems, ArcGIS 8.3 and M anifold 6.0, was made at Cornell U niversity (Lembo, 
2004). Functions were broken into five separate categories: user interface, database 
management, database creation, data m anipulation and analysis, and data display and 
presentation. The study can be used as a supplem entary checklist for competitive 
benchm arks of GIS software.

D ependency on know n software can deprive users of the flexibility to adopt an 
open-m inded approach to the problem s encountered during the im plem entation phase 
of an EAF. In  response to  the users’ need for greater flexibility, an increasing num ber 
of ad hoc GIS applications and spatial inform ation systems are being designed to 
collate, manage and visualize spatial inform ation related to  m arine ecosystems. These 
applications are m ainly based on open-source software and are often categorized as 
“freew are”. The following web sites provide a detailed listing of GIS freeware and 
open-source software27:

20 Available at w w w .dbw .ca.gov/csm w /PD F/SysA rchPlan.pdf
21 Available at h ttp ://w w w .co .w ayne.ny .us/D epartm ents/p lann ingdept/A dopted% 20W ayne_C ounty_ 

C onceptual_System _D esign_D ec_18_07.pdf
22 Available at w w w .tigard-or.gov/online_services/gis/docs/sys_arch_app_design.pdf
22 See ww w .qgis.org fo r fu rth er details.
24 See h ttp ://ud ig .refractions.ne t fo r fu rth er details.
25 See w w w .m anifo ld .net/index.shtm l fo r fu rth er details.
26 See ww w .clarklabs.org fo r fu rth er details.
27 The D u tch  group IT C  developed a w ell-know n GIS, used prim arily  in developing countries, called 

1LW1S. 1LW1S is now  available free of charge as open-source software. See w w w .itc.n l/ilw is/

http://www.dbw.ca.gov/csmw/PDF/SysArchPlan.pdf
http://www.co.wayne.ny.us/Departments/planningdept/Adopted%20Wayne_County_
http://www.tigard-or.gov/online_services/gis/docs/sys_arch_app_design.pdf
http://www.qgis.org
http://udig.refractions.net
http://www.manifold.net/index.shtml
http://www.clarklabs.org
http://www.itc.nl/ilwis/
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• h ttp ://osdir.com /m l/gis.freegis/
• www.gossrc.org/geographical
• http://dusk2.geo.orst.edu/djl/sam oa/tools.h tm l
• h ttp://en.w ikipedia.0rg /w ik i/C ateg0ry:Free_GIS_s0ftware
• http://softw are.geocom m .com

These types of software, as well as providing access to  free or very inexpensive GIS 
capability, frequently come w ith a source code that can be m odified and then passed on 
to  o ther users. It m ay have simplified licensing arrangements and the user is not tied to 
the sometimes restrictive demands of the m ajor GIS software suppliers.

O ne example of open-source software is Q uantum  GIS (Q G IS), a user friendly 
GIS licensed under the G N U  General Public License and the official project of 
the O pen Source Geospatial Foundation (OSGeo). Q G IS provides a continuously 
growing num ber of capabilities via its core functions and plug-ins to  visualize, manage, 
edit, analyse data and compose printable maps. A second example of open-source 
software is O pen O ceanM ap2S, specifically designed for EAF w ork. This product, 
developed by Ecotrust, is a partic ipatory  tool to gather spatially explicit data to inform  
socio-econom ic considerations and assessments (e.g. fishing grounds, cost/earning). 
This software has been rigorously tested and Steinback et al. (2009) note: “The 
application of O pen OceanM ap has dem onstrated that the inclusion of socio-economic 
considerations of fisheries, fishermen, and coastal communities can be fully realized 
and integrated in marine ecosystem-based m anagem ent”. In light of w hat was said in 
Section 5 about the great difficulty of integrating socio-econom ic data into a GIS for 
EAF w ork, O pen OceanM ap should prove to  be a good starting po in t for this task.

Moves are now  underw ay by the International C artographic Association to 
develop professional and technical operating standards for the developm ent of free 
and open-source geospatial software29. A t the same time, m any scientific institutions, 
trying to  facilitate the exchange of inform ation among the com m unity of researchers 
and managers, m ay need to  retain existing “conform ist” GIS software. The balance 
between the conflicting demands of experim entation and conform ity m ay need careful 
consideration relative to factors such as funding availability, agreement am ong other 
stakeholders w ithin the EAF consortium , ease of maintenance and availability of 
training, com puting and applications expertise, and the availability of software to  suit 
individual area/group needs. There are a few specialist “marine fisheries” GIS-based 
software packages that m ay fulfil m ost functionality required for at least the “fishery” 
aspects of an EAF, e.g. “M arine E xplorer” described in Environm ental Simulation  
Laboratory Inc. (2007) and Marine Analyst, w hich is distributed by M appam ondo 
GIS30.

A n additional consideration w ith regards to  GIS software is the so-called software- 
based “too ls” for EAF, some of w hich are connected in various ways w ith  GIS 
functionality. Useful sources of inform ation on this subject are the EcoGIS project 
web site31 and the Proceedings of the Twenty-Sixth Annual Environm ental Systems 
Research Institute (ESRI) U ser Conference, 200632. The EcoGIS project was launched 
in 2004 and is a collaborative effort between the N O A A  N ational O cean Service, the 
N ational M arine Fisheries Service and four fisheries management councils. This project 
developed a set of GIS tools to  better enable both  fishery scientists and managers 
to  adopt EAF. Both the EcoGIS and ESRI web sites explain the main functional 
areas w ithin EAF for w hich the tools have been designed, i.e. fishing effort analysis, 
area characterization, bycatch analysis and habitat interactions, and other relevant

28 A  short sum m ary abou t this p ro d u c t is available at w w w .csc.noaa.gov/geotools/docum ents/2009 
preceedings.pdf

20 See details at h ttp ://ica-opensource.scg .u laval.ca/index.php?page=home
20 This can be view ed at w w w .m appam ondogis.it/fisheryanalyst_en.h tm
21 See details at w w w .st.nm fs.noaa.gov/ecogis/index.htm l
22 Available at h ttp ://p roceed ings.esri.com /lib rary /userconf/p roc06/index .h tm l

http://osdir.com/ml/gis.freegis/
http://www.gossrc.org/geographical
http://dusk2.geo.orst.edu/djl/samoa/tools.html
http://en.wikipedia.0rg/wiki/Categ0ry:Free_GIS_s0ftware
http://software.geocomm.com
http://www.csc.noaa.gov/geotools/documents/2009
http://ica-opensource.scg.ulaval.ca/index.php?page=home
http://www.mappamondogis.it/fisheryanalyst_en.htm
http://www.st.nmfs.noaa.gov/ecogis/index.html
http://proceedings.esri.com/library/userconf/proc06/index.html
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inform ation. A dditional inform ation on EcoGIS can also be found in D F O  2008)33 and 
in N elson et al. (2007).

6 .B.B D ata fo r  GIS

D ata needs
W ith the expansion of traditional fisheries GIS w ork  to cover the demands of an EAF, 
it is clear that the scope of GIS w ork  will significantly expand. The initial EAF scoping 
process should identify the main mapping, m odelling and management themes. Once 
these themes are established, data needs can be determ ined, based upon the perceived 
data inputs for successfully fulfilling each GIS task. D ata volum e will increase greatly, 
eventually probably  being at least an order of m agnitude greater than w ould now 
be required for m ost fisheries m anagement or research w ork. Because the authors 
recom m end that EAF w ork  be built up incrementally, there m ay be no immediate 
need to make extra system provisions for this increase in data volume. However, this 
anticipated increase as well as the prioritization of the additional themes prom oted 
to fulfil EAF need to  be considered in forw ard planning. For those people w ho were 
accustomed to  w orking in fisheries management or marine ecology, it should be noted 
that the nature of the data pertaining to the w ider EAF m ay be very different from  
the data w ith  w hich they  are used to w orking in that m uch of it m ight refer to  the 
terrestrial environm ent, e.g. factors relating to processing plant locations, or to indices 
of wealth, well-being or protein  availability relative to populations either living in 
fishery hinterlands o r depending on fish markets for their livelihoods. In addition, 
some of the data m ay be qualitative, perhaps based on fishers’ perceptions of where 
they fish or fished or w hat fishing was like in the past in term s of the species caught 
or the m ethods used. Details on the less direct aspects of fisheries ecosystems can be 
found in D e Young et al. (2008).

D ata sources and  acquisition
The greater the am ount of data required inevitably means the m ore diverse the data 
sources, m any of w hich may be unfamiliar to those people w ho w ork  predom inantly  
in fisheries GIS. Indeed, the am ount of data and the num ber of data sources needed for 
the EAF could be very large and the authors provide below only a brief in troduction 
to possible sources. This is justified for the following reasons.
• The data themselves m ay cover a variety of them atic areas -  fisheries, oceanography, 

m arine ecosystems and /o r environm ents and species.
• There are countless data sets each of w hich m ight be categorized under several 

headings.
• The am ount of potential data is likely to accrue at an exponential rate.
• D ata searching systems are becoming m ore w idespread and sophisticated.
• M uch data will refer to  individual areas or projects and is quite likely not to be 

located via search engines.
• Separating sites that provide statistics o r inform ation from  sites that provide data 

useful to  GIS is difficult.
In this subsection, the authors provide the reader w ith  a hint of available data 

sources, most of w hich are on the Internet. Annex 2 provides a starting point for data 
searches. It lists data providers under tw o headings: (i) Fisheries D ata and Databases 
and (ii) M arine D ata and Databases. M uch of the inform ation is based on a revision 
and update of the w ork  originally published in Valavanis (2002). In addition to the 
specific web sites listed in Annex 2, there are a num ber of specialized, web-based search 
facilities such as F A O ’s Aquatic Sciences and Fisheries Abstracts (ASFA) database34 and

33 Available at w w w .dfo-m po.gc.ca/csas/csas/publications/pro-cr/2008/2008_007_b.pdf
34 See w w w fao .org /fishery /asfa

http://www.dfo-mpo.gc.ca/csas/csas/publications/pro-cr/2008/2008_007_b.pdf
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Fish & Fisheries Worldwide on BiblioLine35. Also, a number of databases are available on 
CD-ROMs, although this form of data delivery is becoming less important.

Having access to  Web sites that m ay deliver data sets or databases is im portant but 
in an era of EAF, having access to data of the increasing num ber of marine projects 
w orldw ide, m any of w hich are willing to share their data, is also im portant and it is 
likely that access to  such data will increase at an exponential rate. There is now  easy 
access to primary, rem otely-sensed data covering surface characteristics of the oceans 
(e.g. sea-surface tem perature, salinity, chlorophyll content, shallow w ater bathym etry, 
wave height and direction) and derived products (e.g. prim ary production  of the 
oceans). D ata on sea-bed com position and m orphology, acquired either through direct 
interpolated measurem ent or derived integrated m easurem ent (e.g. through the analysis 
of gravimetric anomalies), is also becoming increasing available and m ost government 
departm ents have data pertaining to bathym etry  M any scientific institutions have 
started to make three dimensional (water column) data available for a variety of 
measurements.

As far as biological data  is concerned, in fo rm ation  is still very  scattered and n o t 
easily accessible. N a tio n al and regional initiatives in m any  parts of the w o rld  m ake 
accessible in fo rm ation  on the d is trib u tio n  of aquatic species collected th ro u g h  
d irec t observations (e.g. tagged species) o r as o u tp u t of b iodynam ic m odelling 
based on the h ab ita t preferences of m arine species. D a ta  sets are gradually  accru­
ing, usually  in advanced econom ies o r in m arine areas w here resources are heavily 
exploited, and p rov ide  in fo rm ation  on benthos d istribu tions or biological in fo rm a­
tio n  from  regular o r specific sam pling surveys.

Inform ation regarding fishing activities is still infrequent, though there are a few 
examples of the use of VMS as a w ay to  track the location and behaviour of fishing 
vessels in order to  assess their potential impact on the fishery resources and the habitats 
and as a means to better manage their distribution (see Sections 3.5.4 and 4.4). Some 
nations have now  im plemented fisheries logbooks as a means of establishing fish 
catches by  time and location, and the num ber of such systems (m ostly electronic) is 
likely to  rapidly increase. It m ust be hoped that access to  this potentially sensitive data 
can be shared w ith  the scientific and management com m unities, though the need for 
confidentiality may be a barrier to  sharing.

In m any instances, the data needed for the successful use of GIS for EAF will simply 
not be found or indeed does not exist. In these cases, it m ay be necessary to collect the 
data using prim ary data collection m ethods (including interviews of fishers). This paper 
is not concerned w ith data collection methodology, but it is w orth  cautioning on a few 
im portant points as regards this matter.
• Careful attention m ust be given to  sampling frequency and resolution. All spatio- 

tem poral distributions or processes operate at different scales, and their occurrence 
or location m ay vary from  regular to random . This will have a m ajor effect on 
sampling space/tim e frequency (resolution). The general principle m ust be the 
m ore sampling the better but experience should indicate a sensible sampling 
strategy. The authors point this out because under an EAF regime, it is likely that 
each single data set could be used in scenarios of w idely varying scales.

• W hen collecting marine o r fisheries data for CIS use, it is im portant that all data 
be subject to 4D 36 georeferencing. It is also useful w hen carrying out fish surveys 
to  ensure that physical w ater param eter data is collected at the same tim e/place as 
the fish sample is collected.

35 See w w w .nisc.co.za/databases?id=12
36 M ost GIS applications are curren tly  considered as 2D . The th ird  d im ension m ay also exist in the 

system , either as p a rt o f the  coordinates o f a specific object (the Z  value) o r as an a ttribu te  o f that 
object, i.e. the  dep th  value. 4D  concerns the  tem poral dim ension, in this case the  tim e w hen  the  data was 
collected.

http://www.nisc.co.za/databases?id=12
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• Readers m ight wish to  familiarize themselves w ith new ly emerging marine data 
models that offer the possibility of 4D m apping and m odelling (Polloni and 
Dwyer, 2007). M uch of the GIS w ork  discussed in this paper is totally  reliant on 
4D data.

D ata organization and, storage
Once data is acquired, it is im portant that considerable attention be given to  the 

organization and storage of the data. In general, it is likely that the different partners 
w ho are involved in any specific EAF “consortium ” will, by  agreement, carry on w ith 
m uch of their existing GIS w ork  and will wish to  continue to  cater to their ow n needs 
for data storage and organization. But, w ith  the implementing of EAF comes the need 
for increased sharing of data and appropriate arrangements should be made for doing 
so. It is likely that m ost data sharing among partners will be transacted using web 
servers linked to a W AN. It is also likely that one partner will take the lead role for 
GIS w ork  and it is im portant that this partner pays special attention to  m aintaining the 
data in a secure place and in good condition. The G IS/com puting areas that take on 
increased im portance are:
• D ata organization. W ith the increase in the am ount of data being handled, it is 

advisable to give consideration to how databases are organized. As w ith  most 
filing systems, it is likely that a hierarchical database filing structure should be 
established and the database management system used should be able to establish 
links both  horizontally  and vertically across the hierarchy (most proprietary  GIS 
systems will have this functionality).

• D ata dictionary. It is im portant to  know  the exact meaning of the file names 
ascribed to  files, data sets or databases. The files are likely to  be accessible to 
m any people w ho m ay not easily be able to  interpret definitions w ithout a data 
dictionary.

• D ata formats. A GIS needs to support a variety of data file form ats to increase 
the interoperability and integration w ith  o ther systems such as relational database 
management systems, statistical packages and ecosystem modelling software37.

• D ata standards. In order to make the environm ent of the com puting w orld  more 
user friendly and im prove the interoperability, standards are being formulated. 
M ore than 25 organizations are involved in the standardization of various 
aspects of geographic data and geoprocessing. F urther details can be found on 
the International Standards O rganization web site38 or on the Open Geospatial 
Consortium (OGC) Web site39.

• M etadata. M etadata contains useful inform ation about how  and w hen a GIS data 
layer was created, its intended purpose, its scale and projection, and w hether any 
restrictions apply to  it. M etadata is essential to  any GIS im plem entation or data 
developm ent effort. It allows subsequent users to  review inform ation about how 
the data sets were prepared and w hat their appropriate use should be.

As implied above, data considerations will come increasingly to  the fore as GIS is 
applied to EAF. Therefore, it cannot be stressed strongly enough that the acquisition 
and management of data receives a very high priority. A n additional EA F-related 
data factor for consideration is that of overlapping o r “flexible” ecosystem areas. 
M arine ecosystems cannot be sim ply divided into a series of abutting or contiguous 
fixed spatial areas. All designated ecosystem areas should have spatial overlaps w ith 
neighbouring areas. This means that data sharing should occur between neighbours and 
it is advisable that very close GIS w orking relationships be established.

37 See ww w.safe.com  fo r details on  m ost fo rm at conversion packages.
38 See ww w .iso.org
37 See w w w .opengis.org

http://www.safe.com
http://www.iso.org
http://www.opengis.org
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6.3.4. S u p p o r t  f o r  t h e  u s e  o f  GIS
Using GIS in an EA F is not different from  using other applications of GIS in decision­
making. Support for the use of GIS is conceived in term s of access to  GIS practical 
com puting advice, availability of additional training, access to  and availability of 
published inform ation in journals or books, inform ation over the Internet and the 
possibility of attending conferences. In addition to the m any publications and web 
addresses already provided in this paper, the following projects o r support sources are 
w o rth y  of mention.
1. FA O  is conducting a project entitled “Scientific Basis for Ecosystem -based 

M anagement in the Lesser Antilles, including Interactions w ith M arine Mammals 
and O th er Top P redato rs”40. A com ponent of the project involves capacity 
building through the use of GIS and other m ethods as part of an overall ecosystem 
management plan.

2. A U N E P  publication entitled “In -dep th  Review of the A pplication of the 
Ecosystem  Approach: Activities of organizations in the application of the ecosystem 
approach”41 reviews support activities underw ay w ithin a variety of organizations.

3. The International U nion for the C onservation of N ature (IU C N ) is am ong a num ber 
of organizations that now offer courses on marine-based ecosystem management, 
m any of w hich have a GIS com ponent42.

4. The W orld Wildlife Fund (W W F) identified 12 critical steps to  im plementing 
ecosystem-based management in marine capture fisheries and these steps are 
illustrated w ith  reference to  the m ost highly exploited fishery areas43.

5. The Ecosystem-Based M anagement Tools N etw ork  (E-BM TN ) is a group that 
prom otes awareness about and developm ent and eff ective use of tools for ecosystem- 
based management in coastal and marine environm ents. Because approxim ately half 
of the ecosystem tools have a spatial com ponent (R obinson and Frid, 2003), GIS 
could be used as the main operational platform . Box 6.3 defines the main categories 
of tools available via the E -B M TN  web site44.

6. Vance et al. (2008) describe the developm ent of “G eoFish”, a tool w hich allows 
for the integration of GIS into oceanographic and fishery models for display and 
analysis purposes. W ith GeoFish, scientists and managers are able to use a graphical 
interface to display data sets, select the data to be used in a scenario, set the weights 
for factors in a model and execute the model w ithin the GIS environm ent45.

7. A new and interesting developm ent is “TerraLib” (Cam ara et al., 2008)46. TerraLib, 
a GIS classes and functions library available on the Internet as open source, allows 
a collaborative environm ent for the developm ent of m ultiple GIS tools. Its main 
aim is to enable the developm ent of a new generation of GIS applications based on 
the technological advances on spatial databases. Box 6.4 describes the functions and 
support that TerraLib offers.

8. As a means of disseminating inform ation on GIS as it applies to EAF, FA O  is 
developing the GISFish portal47. Initially the aim of the portal was to be a “one sto p ” 
site to provide the global experience w ith  GIS, rem ote sensing and m apping as they 
apply to aquaculture and inland fisheries. It is intended that the aim of the portal be 
to disseminate inform ation for the marine fisheries dom ain w ith a special emphasis 
on the use of GIS to aid EAF. The new portal is to  be launched in 2009.

40 Prelim inary  details can be found at w w w .fao .org/fishery/eaf-lape/en
41 Available at w w w .cbd .in t/doc/m eetings/sbstta /sbstta-12 /in form ation /sbstta-12-in f-02-en .doc
42 See w w w .iucn .o rg /w hat/ecosystem s/m arine/index.cfm ?uN ew slD =429
43 See h ttp ://assets.panda.org /dow nloads/w w f_ebm _too lk it_2007 .pdf
44 Available at w w w .ebm tools.org/
45 See details at w w w .pm el.noaa.gov/foci/publications/2007/vanc0632.pdf
46 See fu rth er details at w w w .dpi.inpe.b r/terra lib /
47 Available at w w w .fao.org/fishery/gisfish/index.isp

http://www.fao.org/fishery/eaf-lape/en
http://www.cbd.int/doc/meetings/sbstta/sbstta-12/information/sbstta-12-inf-02-en.doc
http://www.iucn.org/what/ecosystems/marine/index.cfm?uNewslD=429
http://assets.panda.org/downloads/wwf_ebm_toolkit_2007.pdf
http://www.ebmtools.org/
http://www.pmel.noaa.gov/foci/publications/2007/vanc0632.pdf
http://www.dpi.inpe.br/terralib/
http://www.fao.org/fishery/gisfish/index.isp
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6.4 CHALLENGES TO THE USE OF GIS 
IN MARINE ECOSYSTEMS
This section has draw n from  a recent 
p u b lica tio n  by M eaden (2004), 
w hich outlines the main challenges 
to using GIS in fisheries and aquatic 
environm ents. From  both  a theoretical 
and practical viewpoint, dem and for the 
effective use of GIS in m arine fisheries is 
growing. From  the theoretical po int of 
view, an issue of concern is the lack of 
dedicated applications and a conceptual 
fram ew ork for GIS as applied to marine 
fisheries, and by im plication to  EAF.
Historically, GIS was developed mainly 
to provide answers to  land-based issues 
(e.g. agriculture, land use, forestry, 
coastal zones) and thus lacks the 
required functionality to examine those 
aspects that are peculiar to  the marine 
environm ent, i.e. an environm ent that is 
highly dynam ic in space and time; where 
there is limited access to inform ation 
concerning processes beneath the sea- 
surface (where most of the processes 
occur); and w here there is a high degree 
of uncerta in ty  and a lack of data.
A nother concern relates to the fact that 
applications and conceptual fram eworks 
based on 2D or 2.5D models of the real 
w orld are still being used while, in fact, 
there is a need to  move to 3D or, even 
better, 4D (3D plus time) models of 
reality. D ata models, i.e. the conceptual fram ew ork to  translate reality into a logical 
and physical model stored in a relational database, are now  emerging to help solve this 
problem  (W right et al., 2007) but this is still a challenging area in w hich to w ork48.

From  a practical view point, a m ajor challenge to  w orking w ith  GIS in a marine 
ecosystem environm ent is that everything in the environm ent, and indeed the 
environm ent itself, is constantly moving. This im mediately implies that any map 
derived from  the data gathered is almost instantly obsolete. However, movem ent itself 
varies from  fast to slow and from  regular to  chaotic. This means that m apping can only 
be undertaken w ith in  a w ide range of confidence levels. For instance, at a large scale, 
one can be fairly certain of the movem ent and general trajectory of the N o rth  Atlantic 
D rift and indeed m any of the w orld ’s m ajor ocean currents. However, the appearance 
of oceanic gyres w ithin or adjacent to  some of the m ajor currents is a chaotic 
phenom ena that is almost impossible to predict. Similarly, some biotic movements are 
predictable, e.g. upstream  m ovem ent of salmon to  spawn or annual whale migrations, 
whereas o ther biotic movements are entirely unpredictable, e.g. foraging movements of 
fish on a coral reef. Unfortunately, m uch m arine data gathered during specific survey 
cruises m ay only be related to one point in time. The uncertainty caused by movement 
can prove a m ajor challenge to  those people wishing to undertake marine modelling 
exercises, w hich are often crucial to EAF and to o ther GIS work.

48 A dditional inform ation  at: http ://support.esri.com /index .cfm ?fa= dow nloads.dataM odels. 
filtered G atew ay& dm id =21

BOX 6.3
The main categories of ecosystem-based 

management tools
• D ata collection tools:

- Geophysical data collection tools
- Biological data collection tools
- Socio-economic data collection tools

• D ata processing and m anagem ent tools
• S takeholder engagem ent and outreach tools
• C onceptual m odelling tools
• M odelling and analysis tools:

- Tools to develop models
- Geographic information systems
- Watershed models
- Estuarine and  marine ecosystem models
- Oceanographic and  dispersal models
- H ab ita t suitability and  species distribution models
- Socio-economic models
- O ther m odelling and  analysis tools

• V isualization tools
• D ecision support tools

- Conservation and  restoration site selection tools
- Coastal zone m anagem ent tools
- Fisheries m anagem ent tools
- H azard  assessment and  resiliency p lanning tools
- Coastal and  w atershed land-use p lanning tools

• Project m anagem ent tools
• M onitoring and assessment tools

Source: F ro m  w w w .e b m to o ls .o rg .

http://support.esri.com/index.cfm?fa=downloads.dataModels
http://www.ebmtools.org
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BOX 6.4
Support offered by the TerraLib open-source software project

• Ease of custom ization. L ittle effort is required to  use the lib rary  to  develop applications. 
Developers should concentrate only  on  specific user needs and the library  should 
provide pow erful abstractions that cover the com m on needs of a GIS application.

• U pw ard  com patibility  w ith  the O G C  simple feature data model. Considering the 
im pact and popularity  of the O G C  specifications, a TerraLib spatial database should be 
com patible w ith  the O G C  simple feature specification (SLS).

• D ecoupling applications from  the database m anagem ent system (DBMS). The library 
should handle different object-relational databases transparently.

• Supporting large-scale applications. Useful for environm ental and socio-econom ic 
application, the library  should provide efficient storage and retrieval of hundreds of 
thousands of spatial objects.

• Extensibility. A  GIS library  should be extensible by  other program m ers and the 
in troduction  of new  algorithm s and tools should no t affect existing codes.

• Enabling spatio-tem poral applications. Em erging GIS applications need support for 
different types of spatio-tem poral data, including events, m obile objects and evolving 
regions.

• Rem ote sensing image processing and storage. The lib rary  should be able to  handle large 
image databases and inclusion of image processing algorithm s should be easy.

• Spatial analysis. The library  should be able to  support spatial statistical m ethods to 
im prove the ability to  extract inform ation for socio-econom ic data.

• Environm ental m odeling. The lib rary  should be able to  support environm ental and 
urban  models, including dynam ic models using cellular automata.

The authors expect that a m ajor challenge for m any marine areas will be that of 
“ecosystem partition ing” or boundary definition. Thus, it m ight be argued that the 
m arine areas of the w orld  function as one very large ecosystem. If one thinks in term s of 
m any of the top predators, marine areas indeed range very widely, and the same might 
be said of the aquatic milieu itself in the sense that it can infinitely drift around w ith 
hydrodynam ic processes mixing the “ingredients” (salinity, tem peratures, pollutants). 
However, in practical terms of an EAF, the marine space needs to be divided into 
“sensible” m anagement units. W hile this will be relatively easy in some areas, it could 
be a real challenge in o ther areas. A lthough FA O  (2008a) notes that for best practice 
“Boundaries should be based on biological rather than anthropogenic considerations 
such as national boundaries”, this m ay not always be the case. B oundary definition 
m ay be a function of the EA F analytical process that is being perform ed. For example, 
an EA F analysis relating to  a localized abalone fishery is unlikely to  utilize the same 
boundary  area that w ould be requisite for a study involving tuna. If the purpose 
for using GIS in EAF is to support management of a specified jurisdiction, then the 
ecosystem boundary  needs to be delimited pragmatically, i.e. as close as possible to 
decision-m aking boundaries. So ecosystem boundaries could be both  highly porous 
and variable. The authors envisage that each ecosystem area to  be identified will 
probably  have a unique set of core themes. But they  also caution that data gathered on 
each them e will have to  be spatially and tem porally flexible according approxim ately 
to  the m obility or uniqueness of the theme. In practical term s of a GIS, this means 
that each map layer m ay be at a different resolution and m ay cover a different area 
around the identified (and designated) ecosystem area. The layer (map theme) should 
have the capacity to be integrated into data being collected by those people w ho are 
managing neighbouring m arine ecosystems and this capacity will lead to a need for 
“inter-ecosystem ” dialogue.
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Again, from  a practical viewpoint, a great am ount of data is still not easily accessible. 
There is a need to  increase accessibility and spatial coverage and to update such data, 
especially the data relating to the biological com ponents of the ecosystems and to fishing 
activities. M aking the results of m any years of scientific surveying available to scientists 
in detailed or aggregated form at can enhance knowledge and provide reference points 
when long time series data are also available. Related challenges concern the high cost 
of collecting marine o r o ther EAF data com bined w ith  the sheer volum e of data that 
m ust be collected if GIS outpu t is to be recognized as having statistical significance. 
Failure to  confront high collection costs and to  collect the required volum e of data at 
the appropriate resolution m ay significantly affect the validity and reliability of GIS 
output.

Fishery m onitoring and data logging systems in m any areas of the w orld are 
being im plemented as a means to  provide control and surveillance over fishing 
operations (VMS, blue boxes, logbooks). F requently  they are becoming an effective 
w ay to better understand interactions am ong fishery resources and to  provide 
management guidelines in areas that are otherw ise difficult to access and to  m onitor 
(see Section 4.4.2). However, there remains the challenge of obtaining acceptance of 
these surveillance systems, especially by smaller-scale fishers. Acceptance involves 
changing the perceptions that the business activities of fishers are being “spied” 
upon and that preferred fishing locations m ay be revealed to  th ird  parties, as well as 
getting fishers to  assume the costs of adopting m onitoring systems, to deal w ith  the 
impracticality of im planting m onitoring devices on smaller vessels and to confront the 
added bureaucracy. A lthough the costs of the systems in term s of implementation, 
maintenance and possible loss of goodwill are high, their im portance as a spatial aid to 
the management of fishery ecosystems should increase the diffusion and utilization of 
m onitoring equipm ent.

A nother challenge that receives growing interest is the developm ent of conceptual 
fram eworks that include the social and economic aspects of an EAF, including their 
spatial com ponents. Thus, while there is already a great deal of expertise in the 
m apping of material objects, the m apping of m any social phenom ena may be rather 
“vague” and subject to different perceptions by different stakeholders o r participants. 
This is a relatively new area for mapping, w here little experience exists and where 
further investigations are needed. In a similar perceptual mode, there are the challenges 
associated w ith  map visualization. W hat is an optim um  map in term s of its appearance? 
The answer will vary from  person to  person but great progress has been made recently 
on map appreciation. Producing appealing and appropriate maps can be a learned 
skill but in m any parts of the w orld  the teaching of map production  skills has yet to 
commence.

The practical and organizational im plem entation of EAF has implications for 
an effective use of GIS, especially in developing countries. C ollaboration and the 
exchange of data and inform ation among countries are crucial to  the success of EAF. In 
this context, regional fisheries organizations and international institutions can certainly 
play a role in facilitating data exchange and cooperation. It m ust be rem em bered that 
marine ecosystems are by definition very unlikely to  have well-defined and fixed 
boundaries and certainly only a cooperative effort am ong countries or regions can cope 
w ith the com plexity and the variety of interactions and requisite analyses.

6.5 CONCLUSIONS
The authors recognize that readers come to  the subjects of both  GIS and EAF from  
diverse experiences, and given that both  subjects are extrem ely diverse and relatively 
complex, it is inevitable that all of the issues will not have been covered in this paper. 
Indeed, given the breadth of the subject material, the authors have been obliged to 
assume that the reader is som ewhat familiar w ith  material covering both  GIS and
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EAF and to  focus the discussion of this paper on the main considerations regarding 
im plem entation of GIS for EAF and to indicate num erous directions along which 
readers could pursue their own lines of enquiry. GIS-based EAF w ork  will eventually 
evolve and be operational using an infinite variety of system configurations, software 
com binations, support services and data types and sources. O ne concern the authors 
have is that this effort m ay lead to a great deal of “reinventing the w heel” w hereby 
num erous separate attem pts are made to find optim um  solutions to specific GIS- 
based EAF demands. Given the plight of m any of the w orld ’s fisheries and marine 
ecosystems, this w ould be a serious waste of time and resources. To avert duplication 
of effort, it is imperative that w orkers in this field pay particular attention to  w hat 
is happening elsewhere and that central organizations such as FA O  cooperate in 
providing an appropriate and efficient reservoir of expertise.
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7. Conclusions and recommendations

There is now  w orldw ide recognition that for their long-term  sustainability, fisheries 
need to  be managed as part of a w ider ecosystem. This review has outlined how  various 
moves tow ards im plem entation of EAF are being made and presents a num ber of cases 
studies.

This review prim arily  attem pted to  dem onstrate how  GIS can facilitate 
im plem entation of EAF, considering the key steps required for EAF planning and 
im plem entation and the im portance of the spatial features of the fishery socio- 
ecological systems for successful EAF implementation. Knowledge of the distribution 
of key ecosystem com ponents, such as fish, benthos, fishers and markets, as well as 
knowledge of key ecosystem processes and attributes, such as tides, currents, level of 
pollutants, spawning, migrations and fishing, are fundam ental for EAF application. 
Also im portant is spatial inform ation on social, economic and governance aspects such 
as geography of subsistence fishing, of legal access rights and m arket prices. For the 
relevant ecosystem attributes, com ponents and processes, GIS can deliver maps but it 
can also perform  additional functions such as data editing, m anipulation, modelling 
and analyses. It is the final analytical function that gives GIS the vast potential to 
examine fisheries and EA F-related problem s.

Despite its obvious advantages, utilization of GIS in fisheries management, and 
in particular in support of EAF im plem entation, is only at its infancy. EAF itself 
is at an early stage of application and it is im portant that GIS developm ents w ithin 
institutions be closely linked to  the inform ation requirem ents in support of fisheries 
management planning and its implementation. A  GIS team could provide useful inputs 
to the decision-m aking process, for example, in determ ining ecosystem boundaries, in 
m apping relevant stakeholder groups and in selecting indicators and reference points.

It seems that m ost m atters at the core of EAF have a spatial com ponent and thus 
will be susceptible to being incorporated into GIS analyses. In Section 5, examples 
were given of potential analyses that can be handled by GIS. For any specific analysis, 
a spatial boundary needs to be established, including a detailed consideration as to 
the spatial and tem poral resolution for prospective analyses. Then m uch of the GIS- 
based w ork  will involve modelling scenarios. W ork needs to  be done on devising or 
obtaining creditable models, to  populate models w ith suitable data and algorithms, and 
to evaluate the outcom e or outputs of modelling. O ver and above these m ore direct 
GIS-based considerations, there needs to  be intensive w ork  on forging cooperation and 
w orking relationships w ith  o ther teams of people w ho might, for instance, be w orking 
on projects in neighbouring them atic or geographic areas, or between different levels 
of governance, o r among varied but interested stakeholder groups. To this end, the 
FA O  Fisheries and A quaculture D epartm ent is com m itted to developing synergies 
and opportunities between the spatial com ponents of the EAF and the Ecosystem  
A pproach to A quaculture (EAA) in term s of sharing data and developing tools, 
m ethodologies and guidelines (see Aguilar-M anjarrez, et a í ,  in preparation). There are 
also practical m atters concerning centres of GIS w ork, training, software preferences, 
financing of projects, GIS team com position, all of w hich can make a huge difference to 
project success. In order not to keep “reinventing the w heel”, avenues of inform ation 
dissemination, reporting and com m unications need to  be clearly established at the 
com m encem ent of any project.



76 Geographie In form ation Systems to support the ecosystem approach to fisheries

The following recom m endations m ay be useful if GIS is to successfully be adopted 
as a key tool for EAF planning and im plem entation (the costs involved are not being 
considered but the authors recognize that projects will need to be very cognisant 
of them). The recom m endations, not in any specific order, are shown in Box 7.1. 
A lthough not complete, the list indicates the m ajor issues to  be considered before 
em barking upon w ork  w ith  a GIS.

B O X  7.1
Recommendations to aid the adoption of GIS for EAF

• Define the spatio-tem poral boundaries to  any specific GIS task and define overall 
project objectives.

• C onsider carefully the tim e and spatial resolution  that is needed for each project 
com ponent.

• Carefully explore the various software possibilities before finally deciding upon  one. 
Rem em ber that w ork  will be done in  cooperation w ith  o ther partners.

• Establish data needs and sources, and identify  any barriers to  project im plem entation.
• Seek practical, w orking partners b o th  w ith in  you r physical project area and w ith  

neighbouring m anagem ent areas.
• C learly ascertain the principal stakeholders in  the total fisheries ecosystem  and establish 

a good w orking relationship w ith  them.
• C onsider carefully the “scale” of the GIS in  term s of personnel and com puting needs.
• C onsider the various expertise and training needed for each project.
• Make certain that m ost m em bers of the GIS team  have a solid grounding in  fishery 

ecology in  its broadest sense.
• Build the capacity to  undertake GIS carefully b y  seeking expert advice, for instance, and 

by  exploring in -depth  the G IS/EA F support that is now  available.
• L ook carefully at the GIS w o rk  being done elsewhere and learn from  others.
• Start off w ith  fairly simple projects, e.g. a small area and lim ited them atic coverage.
• Have frequent project meetings and make sure that everyone is aware of w hat is 

happening and can w ork  well as a group member.
• Make strict tim e deadlines fo r project com ponents.
• If possible, make sure that the project leader is com petent and lines of au thority  are 

clear.
• Recognize the lim itations of the project ou tpu ts and the fact that there m ay be 

considerable challenges to  overcome before achieving success.
• Broadcast you r successes as w idely as possible. Are you  actually saving/sustaining the 

fishery?



77

References

Aguilar-Manjarrez, J.; Kapetsky, J.M.; Soto, D. In press. The potential o f spatial planning 
tools to support the Ecosystem Approach to Aquaculture. FAO/Rome. Expert Workshop. 
19-21 November 2008, Rome, Italy. FAO Fisheries and Aquaculture Proceedings. 
N o .17. Rome, FAO.

Andréfouët, S., Muller-Karger, F.E., Robinson, J.A., Kranenburg, C.J., Torres-Pulliza, 
D., Spraggins, S.A. & Murch, B. 2006. Global assessment of modern coral reef extent 
and diversity for regional science and management applications: a view from space. 
In Proceedings o f the 10th International Coral R ee f Symposium. Okinawa, Japan, pp. 
1732-1745.

Austin, M. 2007. Species distribution models and ecological theory: a critical assessment 
and some possible new approaches. Ecological Modelling, 200: 1-19.

Babcock, E.A., Pikitch, E.K., McAllister, M.K., Apostolaki, P. & Santora, C. 2005. A 
perspective on the use of spatialized indicators for ecosystem-based fishery management 
through spatial zoning. IC E S Journal o f Marine Science, 62: 469-476.

Ball, I.R. & Possingham, H.P. 2000. Marxan: marine reserve design using spatially explicit 
annealing. Brisbane, Australia, University of Queensland.

Ban, N. & Alder, J. 2008. Flow wild is the ocean? Assessing the intensity of anthropogenic 
marine activities in British Columbia, Canada. Aquatic Conservation: Marine and 
Freshwater Ecosystems, 18: 55-85.

Barnes, C. & McFadden, K.W. 2008. Marine ecosystem approaches to management: 
challenges and lessons in the United States. Marine Policy, 32: 387-392.

Bellido, J.M., Brown, A.M., Valavanis, V.D., Giraldez, A., Pierce, G.J., Iglesias, M. & 
Palialexis, A. 2008. Identifying essential fish habitat for small pelagic species in Spanish 
Mediterranean waters. Hydrobiologia, 612(1): 171-184.

Bellman, M.A., Heppell, S.A. & Goldfinger, C. 2005. Evaluation of a US west coast 
groundfish habitat conservation regulation via analysis of spatial and temporal patterns 
of trawl fishing effort. Canadian Journal o f Fisheries and Aquatic Sciences, 62:2886-2900.

Bertrand, S., Burgos, J.M., Gerlotto, F. & Atiquipa, J. 2005. Lévy trajectories of Peruvian 
purse-seiners as an indicator of the spatial distribution of anchovy (Engraulis ringens). 
IC E S Journal o f Marine Science, 62: 477-482.

Bianchi, G. & Skjoldal, H.F. (eds). 2008. The Ecosystem Approach to Fisheries. CAB 
International, UK and USA, and FAO, Rome. 363 pp.

Booth, A.J. 2004. Spatial statistics and aquatic Geographic Information Systems. In  
Nishida, T., Kailola, P.J. and Hollingworth, C .E., eds. Proceedings o f the First 
International Symposium on C IS in Fishery Science. Vol. 2. Saitama, Japan, Fisheries CIS 
Research Group, pp. 3-44.

Busch, W-D. N., Brown, B.L. & Mayer, G.F. (eds). 2003. Strategic Guidance for  
Implementing an Ecosystem-based Approach to Fisheries Management. Silver Spring, 
Maryland, United States, United States Dept, of Commerce, National Oceanic and 
Atmospheric Administration, NMFS. 62 pp.

Caddy, J.F. & Carocci, F. 1999. The spatial allocation of fishing intensity by port-based 
inshore fleets: a CIS application. IC E S Journal o f Marine Science, 56: 388-403.

Caddy, J.F. & Garcia, S. 1986. Fisheries thematic mapping -  a prerequisite for intelligent 
management and development of fisheries. Océanographie Tropicale, 21: 31-52.



78 Geographie In form ation  Systems to support the ecosystem approach to fisheries

Camara, G., Vinhas, L., Ferreria, K.R., de Quieroz, G.B., de Souza, R.C.M., Monteiro, 
A.M.V., de Carvalho, M.T., Casanova, M.A. & de Freitas, U.M. 2008. TerraLib: An 
open source GIS library for large-sale environmental and socio-economic applications. In  
Brent Haii, G., ed. Open Source Approaches to Spatial Data Handling. Berlin, Springer- 
Verlag. (Available at www.terralib.org/docs/papers/TerraLib-OSBook-versionJanuary2008.pdi)

Carpenter, K.E. & Springer, V.G. 2005. The center of the center of marine shore fish 
biodiversity: the Philippine Islands. Environmental Biology o f Fishes, 72(4): 467-480.

Carpentier, A., Vaz, S., Martin, C.S., Coppin, F., Dauvin, J-C., Desroy, N., Dewarumez, 
J-M., Eastwood, P.D., Ernande, B., Harr op, S., Kemp, Z., Koubbi, P., Leader-Williams, 
N., Lefebvre, A., Lemoine, M., Loots, C., Meaden, G.J., Ryan, N. & Walkey, M. 
2005. Eastern Channel Habitat Atlas for Marine Resource Management (CHARM ). 
INTERREG 111A. 225 pp. (Available at http://charm.canterbury.ac.uk)

Chapman, B. & Turner, J.R. 2004. Development of a Geographical Information System 
for the marine resources of Rodrigues. Journal o f Natural History, 38: 2937-2957.

Charles, A., Burbidge, C., Boyd, H. & Lavers, A. 2009. Fisheries and the Marine 
Environment in Nova Scotia: Searching fo r  Sustainability and Resilience. Halifax, Nova 
Scotia, Canada, GPI Atlantic. 55 pp.

Christy, F.T. 1982. Territorial use rights in marine fisheries: Definitions and conditions. 
FAO Fisheries Technical Paper 227. Rome, FAO. 10 pp.

Chuenpagdee, R., Morgan, L.E., Maxwell, S.M., Norse, E.A. & Pauly, D. 2003. Shifting 
gears: assessing collateral impacts of fishing methods in US waters. Frontiers in Ecology 
and the Environment, 1: 517-524.

Clark, J.R. 1992. Integrated management o f coastal zones. FAO Fisheries Technical Paper 
327. Rome, FAO. 167 pp.

Close, C.H. & Brent Hall, G. 2006. A GIS-based protocol for the collection and use of 
local knowledge in fisheries management planning. J. o f Environmental Management, 
78: 341-352.

Clough Harbour & Associates LLP. (undated). Wayne County: Conceptual System Design 
Report. Albany, N ew  York, USA, Clough Harbour & Associates LLP. 14 pp.

Cochrane, K.L. (ed.). 2002. A  fishery manager’s guidebook. Management measures and 
their application. FAO Fisheries Technical Paper 424. Rome, FAO. 231 pp.

Cochrane, K.L., Augustyn, C.J., Bianchi, G., de Barros, P., Fairweather, T., Iitembu, J., 
Japp, D., Kanandjembo, A., Kilongo, K., Moroff, N., Nel, D., Roux, J.P., Shannon, 
L.J., van Zyl, B. & Vaz Velho, F. 2007. Results and conclusions o f the project “Ecosystem 
approaches fo r  fisheries management in the Benguela Current Large Marine Ecosystem”. 
FAO Fisheries Circular 1026. Rome, FAO. 167 pp.

Cury, P.M. 2004. Tuning the ecoscope for the Ecosystem Approach to Fisheries. In  H.I. 
Browman & K.I. Stergiou, eds. Perspectives on ecosystem based approaches to the 
management of marine resources. Marine Ecology Progress Series, 274: 272-275.

Day, V., Paxinos, R., Emmett, J., Wright, A. & Goecker, M. 2008. The marine planning 
framework for South Australia: a new ecosystem-based zoning policy for marine 
management. Marine Policy, 32: 535-543.

Degnbol, P. 2005. Indicators as a means of communicating knowledge. IC E S J. o f Marine 
Science, 62: 606-611.

Degnbol, D. & Wilson, D.C. 2008. Spatial planning on the N orth  Sea: a case of cross-scale 
linkages. Marine Policy, 32: 189-200.

Deng, R., Dichmont, C., Milton, D., Haywood, M., Vance, D., Haii, N. & Die, D.
2005. Can vessel monitoring system data also be used to study trawling intensity and 
population depletion? The example of Australia’s northern prawn fishery. Canadian J. 
o f Fisheries and Aquatic Sciences, 62: 611-622.

De Young, C., Charles, A. & Hjort, A. 2008. Human dimensions o f the ecosystem approach 
to fisheries: an overview o f context, concepts, tools and methods. FAO Fisheries Technical 
Paper 489. Rome, FAO. 152 pp.

http://www.terralib.org/docs/papers/TerraLib-OSBook-versionJanuary2008.pdi
http://charm.canterbury.ac.uk


References 79

DFO. 2008. National Workshop on Modelling Tools for Ecosystems Approaches to 
Management. 22-25 October 2007. DFO Can. Sei. Advis. Sec. Proceed. Ser. 2008/2007. 
Dartmouth, Nova Scotia, Canada, Bedford Institute of Oceanography. 98 pp. (Available 
at: http://www.dfo-mpo.gc.ca/csas/csas/publications/pro-cr/2008/2008_007_b.pdf)

Douvere, F. 2008. The importance of marine spatial planning in advancing ecosystem-based 
sea use management. Marine Policy, 32(5): 762-771.

Eastern Scotian Shelf Integrated Management (ESSIM). 2005. Eastern Scotian Shelf 
Integrated Ocean Management Plan (2006-2011): D raft for Discussion. Dartmouth, 
Nova Scotia, Canada, Fisheries and Oceans Canada. 81 pp.

Eastwood, P.D., Meaden, G.J, Nishida, T. & Rogers, S.I. 2008. Understanding and 
managing marine fisheries with the aid of a digital map. A. Payne, J. Cotter and T. Potter, 
eds. In Advances in Fisheries Science: SO years on from  Beverton and Holt, pp. 85-103. 
Oxford, Blackwell Publishing. 547 pp.

Eastwood, P.D., Mills, C.M., Aldridge, J.N., Houghton, C.A. & Rogers, S.I. 2007. 
Hum an activities in UK offshore waters: an assessment of direct, physical pressure on 
the seabed. IC E S J. o f Marine Science, 64: 453^463.

Eastwood, P.D., Souissi, S., Rogers, S.I., Coggan, R.A. & Brown, C.J. 2006. Mapping 
seabed assemblages using comparative top-down and bottom-up classification approaches. 
Canadian J. o f Fisheries and Aquatic Sciences, 63: 1536-1548.

Ehler, C. & Douvere, F. 2007. Visions fo r  a Sea Change. Report of the First International 
Workshop on Marine Spatial Planning. Intergovernmental Oceanographic Commission 
and Man and the Biosphere Programme. IO C  Manual and Guides No. 48. IOCAM  
Dossier N o. 4. Paris, UNESCO.

Environmental Simulation Laboratory Inc. 2007. Next-generation marine Geographic 
Information Systems. In  T. Nishida, P.J. Kailola and A.E. Caton, eds. GIS/Spatial 
Analyses in Fishery and Aquatic Sciences, Vol. 3. Saitama, Japan, Fishery-Aquatic GIS 
Research Group, pp. 341-346.

FAO. 1985. Report o f the N inth International Framing Course on Applications o f Remote 
Sensing to Aquaculture and Inland Fisheries. RSC Series 27. Rome.

FAO. 1989. Report o f the FAO Asian Region Workshop on Geographical Information 
Systems Applications in Aquaculture. FAO Fisheries Report 414. Rome. 13 pp.

FAO. 1995. Code o f conduct fo r  responsible fisheries. Rome. 41 pp.
FAO. 2002. Report o f the Reykjavik Conference on Responsible Fisheries in the Marine 

Ecosystem. Reykjavik, Iceland, 1-4 October 2001. FAO Fisheries Report 658. Rome.
128 p p .

FAO. 2003. Fisheries Management. 2. Ehe ecosystem approach to fisheries. FAO Technical 
Guidelines for Responsible Fisheries. Vol. 4, Suppl. 2. Rome. 112 pp.

FAO. 2005. Putting into practice the ecosystem approach to fisheries. Rome. 76 pp.
FAO. 2008a. Fisheries Management. 2. Ehe ecosystem approach to fisheries. 2.1. Best 

practices in ecosystem modelling fo r  informing an ecosystem approach to fisheries. FAO 
Technical Guidelines for Responsible Fisheries. Vol. 4, Suppl. 2, Add. 1. Rome. 78 pp.

FAO. 2008b. Worldwide review o f bottom fisheries in the high seas. FAO Fisheries and 
Aquaculture Technical Paper 522. Rome. 145 pp.

FAO. 2009. Report o f the Fechnical Consultation on International Guidelines fo r  
the Management o f Deep-sea Fisheries in the High Seas. Rome, 4-8 February and 
25-29 August 2008. FAO Fisheries and Aquaculture Report 881. Rome. 86 pp.

Fisher, W.L. 2007. Recent trends in fisheries geographic information systems. In  T. Nishida, 
P.J. Kailola & A.E. Caton, eds. GIS/Spatial Analyses in Fishery and Aquatic Sciences. 
Vol. 3. Fishery- Saitama, Japan, Aquatic GIS Research Group, pp. 3-26.

Fisher, W.L. & Rahel, F.J. (eds.). 2004. Geographic Information Systems in Fisheries. 
Bethesda, Maryland, United States, American Fisheries Society.

http://www.dfo-mpo.gc.ca/csas/csas/publications/pro-cr/2008/2008_007_b.pdf


80 Geographie In form ation  Systems to support the ecosystem approach to fisheries

Fletcher, W.J., Chesson, J., Fisher, M., Sainsbury, K.J., Hundloe, T., Smith, A.D.M. & 
Whitworth, B. 2002. National ESD Reporting Framework for Australian Fisheries: The 
‘Flow To’ Guide to Wild Capture Fisheries. FRDC Project 2000/145. Canberra, Australia.
120 pp.

Francis, R.C., Hixon, M.A., Clarke, M.E., Murawski, S.A. & Ralston, S. 2007. Ten
commandments for ecosystem-based fisheries scientists. Fisheries, 32: 217-233.

Fréon, P., Drapeau, L., David, J.H.M., Fernández Moreno, A., Leslie, R.W., Oosthuizen, 
W.H., Shannon, L.J. & van der Lingen, C.D. 2005. Spatialized ecosystem indicators in 
the southern Benguela. IC ES J. o f Marine Science, 62: 459-468.

Froese, R. 2004. Keep it simple: three indicators to deal with overfishing. Fish and Fisheries, 
5: 86-91.

Frost & Sullivan. 1994. World Geographical Information Systems -  Software and Services 
Markets. New York, United States, Frost & Sullivan.

Garcia, S.M. & Cochrane, K.L. 2005. Ecosystem approach to fisheries: a review of 
implementation guidelines. IC ES J. o f Marine Science, 62: 311-318.

Garcia, S. M., Zerbi A., Aliaume C., Do Chi T. & Lasserre G. 2003. The ecosystem approach 
to fisheries. Issues, terminology, principles, institutional foundations, implementation and 
outlook. FAO Fisheries Technical Paper 443. Rome, FAO. 71 pp.

GeoNorth LLC. 2007. City o f Tigard: C IS System Architecture Design and Application 
Design. Portland, Oregon, United States, G eoN orth LLC. 60 pp.

Green, E.P., Mumby, P.J., Edwards, A.J. & Clark, C.D. 2000. Remote sensing handbook 
fo r  tropical coastal management. Coastal Management Sourcebooks, 3. Paris, France, 
UNESCO. 316 pp.

Halpern, B.S., McLeod, K.L., Rosenberg, A.A. & Crowder, L.B. 2008a. Managing for 
cumulative impacts in ecosystem-based management through ocean zoning. Ocean and 
Coastal Management, 51: 203-211.

Halpern, B.S., Selkoe, K.A., Micheli, F. & Kappel, C.V. 2007. Evaluating and ranking 
the vulnerability of global marine ecosystems to anthropogenic threats. Conservation 
Biology, 21: 1301-1315.

Halpern, B.S., Walbridge, S., Selkoe, K.A., Kappel, C.V., Micheli, F., D’Agrosa, C., 
Bruno, J.F., Casey, K.S., Ebert, C., Fox, H.E., Fujita, R., Heinemann, D., Lenihan, 
H.S., Madin, E.M.P., Perry, M.T., Selig, E.R., Spalding, M., Steneck, R. & Watson, R. 
2008b. A global map of human impact on marine ecosystems. Science, 319: 948-952.

Hempel, G. & Sherman, K. 2003. Farge Marine Ecosystems o f the World: Trends in 
Exploitation, Protection, and Research. Amsterdam, Netherlands, Elsevier.

Hiddink, J.G., Hutton, T., Jennings, S. & Kaiser, M.J. 2006a. Predicting the effects of area 
closures and fishing effort restrictions on the production, biomass, and species richness 
of benthic invertebrate communities. IC E S J. o f Marine Science, 63: 822-830.

Hiddink, J.G., Jennings, S. & Kaiser, M.J. 2006b. Indicators of the ecological impact of 
bottom-trawl disturbance on seabed communities. Ecosystems, 9: 1190-1199.

Hilborn, R., Stokes, K., Maguire, J.J., Smith, T., Botsford, L.W., Mangel, M., Orensanz, 
J., Parma, A., Rice, J., Bell, J., Cochrane, K.L., Garcia, S., Hall, S.J., Kirkwood, G.P., 
Sainsbury, K., Stefansson, G. & Walters, C. 2004. When can marine reserves improve 
fisheries management? Ocean and Coastal Management, 47: 197-205.

Hutton, T., Mar die, S., Pascoe, S. & Clark, R.A. 2004. Modelling fishing location choice 
within mixed fisheries: English N orth  Sea beam trawlers in 2000 and 2001. IC ES J. o f 
Marine Science, 61: 1443-1452.

Huxhold, W.G. & Levinsohn, A.G. 1995. Managing Geographical Information System 
Projects (Spatial Information Systems). N ew York, United States, Oxford University 
Press.

Iampietro, P. & Kvitek, R. 2002. Quantitative Seafloor Habitat Classification Using GIS 
Terrain Analysis: Effects of Data Density, Resolution, and Scale. Conference Poster. 
Moss Landing, California, United States, 1-3 May 2002. GeoHab, Moss Landing Marine 
Laboratories.



References 81

ICES. 2005. Report o f the IC ES Advisory Committee on Fishery Management, Advisory 
Committee on the Marine Environment and Advisory Committee on Ecosystems. ICES 
Advice. Vols. 1-11. Copenhagen, Denmark. 418 pp.

Jennings, S. 2005. Indicators to support an ecosystem approach to fisheries. Fish and 
Fisheries, 6: 212-232.

Jennings, S., Cotter, A. J.R., Alvsvâg, J., Smedstad, O., Ehrich, S., Greenstreet, S.P.R., 
Jarre-Teichmann, A., Mergardt, N. & Rijnsdorp, A.D. 1999. Fishing effects in northeast 
Atlantic shelf seas: patterns in fishing effort, diversity and community structure. III. 
International trawling effort in the N orth  Sea: an analysis of spatial and temporal trends. 
Fisheries Research, 40: 125-134.

Jennings, S. & Revill, A.S. 2007. The role of gear technologists in supporting an ecosystem 
approach to fisheries. IC E S J. o f Marine Science, 64: 1525-1534.

Jones, P.J.S. 2007. Arguments for conventional fisheries management and against no-take 
marine protected areas: only half of the story? Reviews in Fish Biology and Fisheries, 17: 
31-43.

Kaiser, M.J. 2005. Are marine protected areas a red herring or fisheries panacea? Canadian 
J. o f Fisheries and Aquatic Sciences, 62: 1194-1199.

Kam Suang Pheng. 1989. The use of CIS for coastal resources study: Some case examples. 
Tropical Coastal Area Management, 4(2): 6-7.

Kapetsky, J.M., Aguilar-Manjarrez, J. & Soto, D. In press. Status and potential o f spatial 
planning tools, decision-making and modelling in implementing the ecosystem approach 
to aquaculture. In. Aguilar-Manjarrez, J., Kapetsky, J.M. and Soto, D. The potential of 
spatial planning tools to support the Ecosystem Approach to Aquaculture. FAO/Rome. 
Expert Workshop. 19-21 November 2008, Rome, Italy. FAO Fisheries and Aquaculture 
Proceedings. No. 17. Rome, FAO.

Kapetsky, J.M., McGregor, L. & Nanne, E.H. 1987. A  Geographical Information System 
to Plan fo r  Aquaculture: A  F A O -U N E P /G R ID  Study in Costa Rica. FAO Fisheries 
Technical Paper 287. Rome, FAO.

Kark, S., Levin, N. & Phinn, S. 2008. Global environmental priorities: making sense of 
remote sensing. Reply to TREE Letter: Satellites miss environmental priorities by Loarie 
et al., 2007. Trends in Ecology and Evolution, 23: 181-182.

Kaschner, K., Ready, J.S., Agbayani, E., Rius, J., Kesner-Reyes, K., Eastwood, P.D., 
South, A.B., Kullander, S.O., Rees, T., Close, C.H., Watson, R., Pauly, D. & Froese, R. 
2007. AquaMaps: predicted range maps for aquatic species. (Available at www.aquamaps. 
org, Version 08/2007)

Kemp, Z. & Meaden, G.J. 2002. Visualization for fisheries management from a spatiotemporal 
perspective. IC ES J. o f Marine Science, 59: 190-202.

Kenny, A.J., Cato, I., Desprez, M., Fader, G., Schüttenhelm, R.T.E. & Side, J. 2003. An
overview of seabed-mapping technologies in the context of marine habitat classification. 
IC E S J. o f Marine Science, 60: 411^418.

Kitchingman, A. & Lai, S. 2004. Inferences on potential seamount locations from mid­
resolution bathymetric data. In  T. Morato and D. Pauly, eds. Seamounts: Biodiversity and 
Fisheries. Fisheries Centre Research Report 12(5). Vancouver, Canada, UBC Fisheries 
Centre, pp. 7-12.

Kresse, W. & Fadaie, K. 2004. ISO  Standards fo r  Geographic Information. N ew York, 
United States Springer.

Lauer, M. & Aswani, S. 2008. Integrating indigenous ecological knowledge and multi- 
spectral image classification for marine habitat mapping in Oceania. Ocean and Coastal 
Management, 51: 495-504.

Lembo, A.J. Jr. 2004. H ow  Do I Do This in ArcGIS/Manifold?: Illustrating Classic GIS 
Tasks. Cornell University. (Available at http://hdl.handle.net/1813/165)

http://www.aquamaps
http://hdl.handle.net/1813/165


82 Geographie In form ation  Systems to support the ecosystem approach to fisheries

Lieberknecht, L.M., Carwardine, J., Connor, D.W., Vincent, M.A., Atkins, S.M. & 
Lumb, C.M. 2004. The Irish Sea Pilot—Report on the Identification of Nationally 
Important Marine Areas in the Irish Sea. Peterborough, United Kingdom, Joint Nature 
Conservation Committee (JNCC). 95 pp.

Lo, C.P. & Yeung, A.K.W. 2002. Concepts and Techniques o f Geographic Information 
Systems. Prentice Haii. ISBN: 0130804274

Longhurst, A. 1998. Ecological Geography o f the Sea. San Diego, California, United States, 
Academic Press.

Longley, P., Goodchild, M.F., Maguire, D. & Rhind, D. 2005. Geographical Information 
Systems: Principles, Techniques, Management and Applications. London, United Kingdom, 
Wiley & Sons.

Longley, P.A., Goodchild, M.F., Maguire, D.J. & Rhind, D.W. 2001. Geographic 
Information: Systems and Science. Chichester, United Kingdom, John Wiley & Sons.

Lynch, T.P. 2006. Incorporation of recreational fishing effort into design of marine 
protected areas. Conservation Biology, 20: 1466-1476.

Marble, D.F. (ed.). 1980. Computer Software fo r  Spatial Data Handling. Ottawa, Canada, 
Commission on Geographic Data Sensing and Processing, International Geographical 
Union.

Maunder, M.N. & Punt, A.E. 2004. Standardizing catch and effort data: a review of recent 
approaches. Tisheries Research, 70: 141-159.

Meaden, G.J. 2000. Applications of GIS to Fisheries Management. In  D. Wright and D. 
Bartlett, eds. Marine and Coastal Geographical Information Systems. London, United 
Kingdom, Taylor & Francis, pp. 205-226.

Meaden, G.J. 2001. GIS in Fisheries Science: Foundations for the new millennium. In  T. 
Nishida, P.J. Kailola and C.E. Hollingworth, eds. Proceedings o f the Tirst International 
Symposium on GIS in Tishery Science. Saitama, Japan, Fisheries GIS Research Group, 
pp. 3-29.

Meaden, G.J. 2004. Challenges of using Geographic Information Systems in aquatic 
environments. In  W.L. Fisher and F.J. Rahel, eds. Geographic Information Systems in 
Tisheries. Bethesda, Maryland, United States, American Fisheries Society, pp. 13^48.

Meaden, G.J. 2009. Geographical Information Systems (GIS) in fisheries management 
and research. In  E. Moksness and B. Megrey, eds. Computers in Tisheries Research. (2nd 
Edition). London, United Kingdom, Springer, pp. 93-120.

Meaden, G.J. & Do Chi, T. 1996. Geographical Information Systems: Applications to 
Marine Tisheries. FAO Fisheries Technical Paper 356. Rome, FAO.

Mills, C.M., Townsend, S.E., Jennings, S., Eastwood, P.D. & Houghton, C.A. 2007. 
Estimating high resolution trawl fishing effort from satellite-based vessel monitoring 
system data. IC ES J. o f Marine Science, 64: 248-255.

Miyakoshi, Y., Saitoh, S., Matsuoka, A., Takada, M., Asami, H., Fujiwara, M. & Nagata, 
M. 2007. Comparison of release timing of hatchery-reared juvenile chum salmon 
(Oncorhynchus keta) to spring coastal sea surface temperature during high and low 
survival period. In  T. Nishida, P.J. Kailola and A.E. Caton, eds. GIS/Spatial Analyses 
in Tishery and Aquatic Sciences. Vol 3. Fishery- Saitama, Japan, Aquatic GIS Research 
Group, pp. 227-240.

Mooneyhan, W. 1985. Determining aquaculture development potential via remote 
sensing and spatial modelling. In Report o f the N inth International Training Course 
on Applications o f Remote Sensing to Aquaculture and Inland Tisheries. RSC Series 27. 
Rome, FAO. pp. 217-237.

MSPP Consortium. 2006. Marine Spatial Planning Pilot: Pinal Report. United Kingdom, 
MSPP Consortium. 105 pp.



References 83

Murawski, S.A. 2005. Strategies for in co rp o ra tin g  ecosystem  considerations in  fisheries 
m anagem ent. In  D . W ithered , ed. Managing our Nation ’s Fisheries II: Focus on the Future. 
P roceed ings o f a conference held  in  W ashington , D C , U n ited  States, 24-26 M arch  2005. 
A nchorage , A laska, U n ite d  States, N o r th  Pacific F ish ery  M anagem ent C ounc il, pp . 
163-171. (Available a t w w w .m anag ingfisheries.o rg )

Murawski, S.A., Wigley, S.E., Fogarty, M.J., Rago, P.J. & Mountain, D.G. 2005. E ffo rt 
d is tr ib u tio n  and  catch  p a tte rn s  adjacen t to  tem p era te  M PA s. IC E S J. o f Marine Science, 
62: 1150-1167.

Nelson, D.M., Finnen, E. & Haverland, T. 2007. Eco-GIS: Developing G IS tools for  
ecosystem approaches to fisheries management. P roceed ings o f C oasta l Z one  07. P o rtlan d , 
O re g o n , U n ite d  States, 22 -26  Ju ly  2007.

Nishida, T. & Chen, D. 2004. In co rp o ra tin g  spatial au to co rre la tio n  in to  th e  general linear 
m odel w ith  an app lica tion  to  the  yellow fin  tu n a  (Thunnus albacares) longline C P U E  
data. Fisheries Research, 70: 265-274.

Nishida, T., Kailola, P.J. & Catón, A.E. (eds). 2007. GIS/Spatial Analyses in Fishery and 
Aquatic Sciences. Vol. 3. Saitam a, Japan , F ish ery -A q u a tic  C IS  R esearch  G ro u p .

Nishida, T, Kailola, P.J. & Hollingworth, C.E. (eds). 2001. Proceedings o f the First 
International Symposium on G IS in Fishery Science. Saitam a, Japan , F isheries G IS 
R esearch  G ro u p .

Nishida, T, Kailola, P.J. & Hollingworth, C.E. (eds). 2004. GIS/Spatial Analyses in Fishery 
and Aquatic Sciences. Vol. 2. Saitam a, Japan , F ish ery -A q u a tic  G IS R esearch  G ro u p .

NOAA Coastal Services Center. 2008. Summary report fo r  the coastal ecosystem-based 
management course needs assessment. N O A A /C S C /R P T  08-01. C h a rlesto n , S outh  
C aro lina , U n ite d  States, N O A A  C oasta l Services C en ter. 41 pp.

O’Boyle, R. & Jamieson, G . 2006. O b serv a tio n s on  the  im p lem en ta tio n  o f ecosystem - 
based m anagem ent: experiences on  C an ad a’s east and  w est coasts. Fisheries Research, 79: 
1- 12.

O’Boyle, R., Kostylev, V., Breeze, H., Haii, T., Herbert, G., Worcester, T., Ricard, D. & 
Sinclair, M. 2005a. Developing an Ecosystem-Based Management Framework for Benthic 
Communities: A  Case Study o f the Scotian Shelf. P aper p resen ted  at IC E S  A nnual 
C onference, A berdeen , Scotland. C M 2005/B B :18. 31 pp.

O’Boyle, R., Sinclair, M., Keizer, P., Lee, K., Ricard, D. & Yeats, P. 2005b. Ind ica to rs for 
ecosystem -based  m anagem ent on  th e  Scotian Shelf: b ridg ing  th e  gap betw een  th e o ry  and 
practice. IC ES J. o f Marine Science, 62: 598-605.

Oddone, A., Onofri, R., Carocci, F., Sadovy, Y., Suharti, S., Colin, P. & Vasconcellos, M. 
In  p rep . R eef h ab ita t area o f th e  endangered  N a p o le o n  fish, C he ilinus u n d u la tu s  (C IT E S  
A p p en d ix  II), es tim ated  using  rem o te  sensing and  GIS.

Parsons Brinkerhoff Quade & Douglas. 2004. Geographic Information System (GIS): 
System Architecture and Design Report. 13 Septem ber 2004. Los A ngeles, C alifo rn ia , 
U n ite d  States, P arsons B rin k e rh o ff Q u ad e  &  D ouglas. 70 pp.

Pauly, D., Christensen, V. & Walters, C. 2000. E copa th , E cosim , and E cospace as too ls  for 
evaluating  ecosystem  im pact o f  fisheries. IC ES J. o f Marine Science, 57: 697-706.

Payne, A.I.L., Gulland, J.A. & Brink, K.H. (eds). 1987. T he B enguela and com parable 
ecosystem s. South African Journal o f Marine Science. Vol. 5. 957 pp.

Payne, D.W. 1993. G IS  m arkets in  E u rope . GIS Europe. 2(10): 20-22.
Pearson, M.P. 1988. Rodrigues: Rapid survey o f the status and exploitation and environmental 

damage o f the lagoon and coral reefs o ff Rodrigues. R e p o rt p rep a red  fo r the  p ro jec t 
assistance to  A rtisana l F isherm en  and D ev e lo p m en t o f O u te r  R eef F ishery . R om e, F A O . 
49 pp.

Peters, D. 2008. Building a GIS: Systems Architecture Design Strategies fo r  Managers. 
R edlands, C alifo rn ia, U n ite d  States, ESR I Press.

http://www.managingfisheries.org


84 Geographie In form ation Systems to support the ecosystem approach to fisheries

Piet, G.J., Quirijns, F.J., Robinson, L. & Greenstreet, S.P.R. 2007. P o ten tia l p ressu re 
ind icato rs fo r fishing, and th e ir  data  requ irem en ts. IC ES J. o f Marine Science, 64: 110— 
121.

Plagányi, E.E. 2007. Models fo r  an ecosystem approach to fisheries. F A O  F isheries Technical 
P ap er 477. R om e, F A O . 108 pp.

Polloni, C. & Dwyer, B. 2007. Arc Marine: GIS fo r  a Blue Planet. R edlands, C aliforn ia, 
U n ite d  States, ESR I Press.

Rahel, EJ. 2004. In tro d u c tio n  to  G eograph ic  In fo rm a tio n  System s in  F isheries. In W.L. 
F isher and  F.J. R ahel, eds. Geographic Information Systems in Fisheries. B ethesda, 
M ary land , U n ite d  States, A m erican  F isheries Society, pp . 1-12.

Renard, Y. 2004. Guidelines fo r  Stakeholder Identification and Analysis: A  Manual for  
Caribbean Natural Resource Managers and Planners. G uideline  Series. Leventille, 
T rin idad , Jam aica, C a rib b ean  N a tu ra l R esources In stitu te . 27 pp.

Richardson, E.A., Kaiser, M.J., Edwards-Jones, G. & Possingham, H.P. 2006. Sensitiv ity  
o f m arine-reserve design to  th e  spatial reso lu tio n  o f soc ioeconom ic data. Conservation 
Biology, 20: 1191-1202.

Ricker, W.E. 1975. Computation and Interpretation o f Biological Statistics o f Fish 
Populations. B ulletin  o f  the  F ish ery  R esearch B oard  o f C anada , 191. 382 pp.

Rinehart, R.W., Wright, D.J., Lundblad, E.R., Larkin, E.M., Murphy, J. & Cary- 
Kothera, L. 2004. ArcG IS 8.x Benthic Terrain Modeler: Analysis in American Samoa. 
Proceed ings o f th e  24 th  A n n u al ESR I U ser C onference. P ap er 1433. San D iego , 
C alifo rn ia , U n ite d  States.

Rivoirard, J., Simmonds, J., Foote, K.G., Fernandes, P. & Bez, N. 2000. Geostatistics for  
Estimating Fish Abundance. O x fo rd , U n ite d  K ingdom , B lackw ell Science.

Robinson, L.A. & Frid, C.L.J. 2003. D y n am ic  ecosystem  m odels and  th e  evaluation  o f 
ecosystem  effects o f fishing: can w e m ake m eaningfu l p red ic tions?  Aquatic Conservation: 
Marine and Freshwater Ecosystems, 13(1): 5-20.

Simpson, J.J. 1992. R em ote  sensing and  geographical in fo rm atio n  system s: T heir past, 
p resen t and  fu tu re  use in  global m arine  fisheries. Fisheries Oceanography. 1: 238-280.

Smith, R.J., Eastwood, P.D., Ota, Y. & Rogers, S.I. 2009. D evelop ing  best p rac tice  for 
using  M arxan  to  locate m arine p ro tec ted  areas in  E u ro p ean  w aters. IC E S J. o f Marine 
Science, 66: 188-194.

Spalding, M.D., Fox, H.E., Allen, G.R., Davidson, N., Ferdaña, Z.A., Finlayson, M., 
Halpern, B.S., Jorge, M.A., Lombana, A., Lourie, S.A., Martin, K.D., Mcmanus, E., 
Molnar, J., Recchia, C.A. & Robertson, J. 2007. M arine  ecoregions o f th e  w o rld : A  
b io reg ionaliza tion  o f coastal and  she lf areas. Bioscience, 57(7): 573-583.

St. Martin, K. 2004. G eograph ic  in fo rm atio n  system s in  m arine fisheries science and 
decision  m aking. In  W.L. F isher and  F.J. R ahel, eds. Geographic Information Systems in 
Fisheries. B ethesda, M ary land , U n ite d  States, A m erican  F isheries Society, pp . 237-258.

Steinback, C., Welch, T., Racicot, A., Mertens, M., Kruse, S., Bonkoski, J. & Scholz, A. 
2009. Open OceanMap: Open source tool fo r  capturing spatially explicit socioeconomic 
knowledge to inform marine ecosystem-based management. P aper p resen ted  at “C oasta l 
G eoT ools 2009”, K ingston  P lan ta tio n , M y rtle  Beach, S ou th  C aro lina , U n ite d  States, 2 -5  
M arch  2009.

Tittensor, D.P., Baco-Taylor, A.R., Brewin, P., Clark, M.R., Consalvey, M., Hall-Spencer, 
J., Rowden, A., Schlacher, T., Stocks, K. & Rogers, A.D. 2009. P red ic ting  global h ab ita t 
su itab ility  for s to n y  corals on  seam ounts. Journal o f Biogeography. (E arly  View: w w w 3. 
in te rscience .w iley .com /journa l/122209531 /abstrac t)

Tomlinson, R. 2007. Thinking about GIS: Geographic Information System Planning for  
Managers. R edlands, C alifo rn ia , U n ite d  States, ESR I Press.



References 85

Tomlinson, R.F., Calkins, H.W. & Marble, D.F. 1976. CGIS: A mature, large geographic 
information system. In Computer Handling o f Geographical Data. Paris, France, 
U N ESCO  Press.

Travers, M., Shin, Y.J., Jennings, S. & Cury, P. 2007. Towards end-to-end models 
for investigating the effects of climate and fishing in marine ecosystems. Progress in 
Oceanography, 75: 751-770.

Valavanis, V.D. 2002. Geographic Information Systems in Oceanography and Fisheries. 
London, United Kingdom, Taylor & Francis.

Vance, T.C., Cross, S.L., Megrey, B.A., Mesick, S.M. & Moore, C.W. 2008. GeoFish -  
visualization and analysis o f particle tracking model output for fish and shellfish larvae. 
ICES 2008 Annual Science Conference -  theme session R (Data Management). Flalifax, 
Nova Scotia, Canada, 22-26 September 2008.

Venables, W.N. & Dichmont, C.M. 2004. GLMs, GAMs and GLMMs: an overview of 
theory for applications in fisheries research. Fisheries Research, 70: 319-337.

Vierros, M., Douvere, F. & Arico, S. 2006. Implementing the Ecosystem Approach in Open 
Ocean and Deep Sea Environments: A n  Analysis o f Stakeholders, Fheir Interests and 
Existing Approaches. UNU-IAS Report. Yokohama, Japan, United Nations University 
Institute o f  Advanced Studies. 44 pp.

Wabnitz, C.C.C., Serge Andréfouët, S., Torres-Pulliza, D., Müller-Karger, F.E. & 
Kramer, P.A. 2007. Regional-scale seagrass habitat mapping in the wider Caribbean 
region using Landsat sensors: applications to conservation and ecology. Working Paper 
Series, 2007-04. Vancouver, Canada, UBC Fisheries Center. 45 pp.

Wright, D.J., Blongewicz, M.J., Halpin, P.N. & Breman, J. 2007. Arc Marine: G IS fo r  a 
Blue Planet. Redlands, California, United States, ESRI Press.

Wright, D.J. & Scholz, A.J., eds. 2005. Place Matters: Geospatial Fools for Marine Science: 
Conservation and Management in the Pacific Northwest. Corvallis, Oregon, United 
States, Oregon State University Press.

Wright, D.J., Lundblad, E.R., Larkin, E.M., Rinehart, R.W., Murphy, J., Cary-Kothera, 
L., & Draganov, K. 2005. ArcGIS Benthic Terrain Modeler. Corvallis, Oregon, Oregon 
State University, Davey Jones Locker Seafloor Mapping/Marine CIS Laboratory and 
N O A A  Coastal Services Center.

WSSD. 2002. Report o f the World Sum m it on Sustainable Development. A/CONF.199/20. 
Johannesburg, South Africa, 26 August-4 September 2002.

Yamada, K., Elith, J., McCarthy, M. & Zerger, A. 2003. Eliciting and integrating expert 
knowledge for wildlife habitat modelling. Ecological Modelling, 165: 251-264.

Yeung, A.K.W. & Brent Hall, G. 2007. Spatial Database Systems: Design, Implementation 
and project management. New York, United States, Springer.





87

Glossary

Abiotic

Abundance

Access rights

Adaptive management

Bathymetry

Biodiversity

Biotic

Biotope

Bycatch

N on-living (resource)*.

Degree of plentifulness. The total num ber or biomass 
of fish in a population or on a fishing ground. Can be 
measured in absolute o r relative terms*.

Permission from  the holder to  take part in a fishery 
(limited entry) o r to fish in a particular location 
(territorial use rights or “T U R F s”)b.

A management process involving step-wise evolution 
of a flexible m anagem ent system  in response to 
feedback inform ation actively collected to  check or 
test its perform ance (in biological, social and economic 
terms). It m ay involve deliberate intervention to  test 
the fishery system ’s response*.

The science of measuring and charting the depths of 
waterbodies to  determ ine the topography of a lake bed 
or sea floor0.

The variability am ong living organisms from  all sources 
including, inter alia, terrestrial, m arine and other 
aquatic ecosystems and the ecological complexes of 
w hich they  are part; this includes diversity w ithin 
species, between species and of ecosystems. D iversity 
indices are measures of richness (the num ber of species 
in a system); and to  some extent, evenness (variances 
of species’ local abundance). T hey are, therefore, 
indifferent to  species substitutions, which, however, 
m ay reflect ecosystem stresses (such as those due to 
high fishing intensity)“1.

Live and living (organisms)*.

An area or habitat of a particular type, defined by 
the organisms (plants, animals, microorganisms) that 
typically inhabit it, e.g. coral reef, mangrove and deep 
sea hot vents or on a smaller scale a microhabitat*.

Part of a catch of a fishing unit taken incidentally in 
addition to the target species tow ards w hich fishing 
effort is directed. Some or all of it m ay be returned to 
the sea as discards, usually dead o r dying*.
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Catch

Code of Conduct for 
Responsible Fisheries

Community

Conventional fisheries 
management

Cost-benefit analysis

Discards

Ecoregion

To undertake any activity that results in taking fish 
(sensu lato) out of their environm ent dead or alive. 
To bring fish on board a vessel dead o r alive. The 
total num ber (or weight) of fish caught by  fishing 
operations. Catch includes all fish killed by the act 
of fishing, not just those landed. The catch is usually 
expressed in term s of wet w eight (or round weight). It 
should refer to  the total am ount caught but is sometime 
erroneously used to refer only to  the am ount landed. 
The catches that are not landed are called discards*.

The code, form ulated by FA O  in 1995, sets out 
internationally agreed Responsible Fisheries principles 
and international standards of behaviour for sustainable 
and responsible aquaculture and fisheries practices, 
w ith  a view to ensuring the effective conservation, 
m anagem ent and developm ent of living aquatic 
resources, w ith due respect for the ecosystem and 
biodiversity6.

A social group of organisms sharing an environm ent, 
norm ally w ith  shared interests. In hum an communities, 
intent, belief, resources, preferences, needs, risks and 
a num ber of o ther conditions m ay be present and 
com m on, affecting the identity of the participants and 
their degree of cohesiveness*.

The historical approach to  fisheries m anagem ent 
in w hich the interaction of the stock of the target 
species w ith  o ther com ponents of the ecosystem is not 
explicitly considered in the management actions'1.

Assessment of the direct or indirect economic and 
social costs and benefits of a proposed project for the 
purpose of project or program m e selection. The cost- 
benefit ratio is determ ined by dividing the projected 
benefits of the program m e by the projected costs. A 
program m e having a high benefit-cost ratio m ay take 
p rio rity  over others w ith low er ratios*.

The com ponents of a catch that are th row n back 
into the habitat after capture. Norm ally, most of the 
discards can be assumed not to  survived.

A n area of relatively hom ogeneous species com position, 
clearly distinct from  adjacent systems. The species 
com position is likely to  be determ ined by  the 
predom inance of a small num ber of ecosystems and/ 
o r a distinct suite of oceanographic or topographic 
features. The dom inant biogeographic forcing agents 
defining an ecoregion vary from  location to  location 
but may include isolation, upwelling, nutrient inputs, 
freshw ater influx, tem perature regimes, ice regimes, 
exposure, sedim ents, currents and bathym etric or 
coastal com plexity1.
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Ecosystem

Ecosystem approach to 
fisheries (EAF)

Ecosystem functions

Ecosystem-based 
fisheries management

Ecosystem-based
management

Ecosystem models

An organizational unit consisting of an aggregation 
of plants, animals (including hum ans) and m icro­
organisms, along w ith  the non-living com ponents of 
the environm entd.

An approach to fisheries management and developm ent 
that strives to  balance diverse societal objectives, by 
taking into account the knowledge and uncertainties 
about biotic, abiotic and hum an com ponents of 
ecosystems and their interactions and applying an 
integrated approach to  fisheries w ithin ecologically 
meaningful boundaries. The purpose of EAF is to 
plan, develop and manage fisheries in a m anner that 
addresses the m ultiple needs and desires of societies, 
w ithout jeopardizing the options for future generations 
to benefit from  the full range of goods and services 
provided by marine ecosystems'1.

An intrinsic ecosystem characteristic related to  the set 
of conditions and processes w hereby an ecosystem 
maintains its integrity (such as prim ary productivity, 
food chain, and biogeochemical cycles). Ecosystem 
functions include such processes as decom position, 
production, nutrient cycling, and fluxes of nutrients 
and energy*.

(see Ecosystem approach to fisheries)

An integrated approach to  management that considers 
the entire ecosystem, including humans. The goal is 
to maintain an ecosystem in a healthy, productive 
and resilient condition so that it can provide the 
services hum ans w ant and need. It considers the 
cumulative impacts of different sectors; emphasizes 
the protection of ecosystem structure, functioning and 
key processes; is place-based in focusing on a specific 
ecosystem and the range of activities affecting it; 
explicitly accounts for the interconnectedness w ithin 
systems, recognizing the im portance of interactions 
between m any target species or key services and other 
non-target species; acknowledges interconnectedness 
am ong systems; and integrates ecological, social, 
economic and institutional perspectives, recognizing 
their strong interdependences*.

Models that represent a wide range of technological, 
social, economic and ecological processes affecting 
the species and their use in the ecosystem (including 
m ultispecies and w hole ecosystem ). T hey  are 
po ten tially  im portan t tools fo r p roviding broad 
scientific inform ation on the impacts of ecosystem use 
(e.g. by the fishery) on the main ecosystem com ponents 
and processes and to  take into account changes in 
the ecosystem other than those caused by fishing, 
w hether of natural or anthropogenic origin, that may 
be impacting the fisheryd.
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Ecosystem services

Enforcement

Environmental impact 
assessment (EIA)

Essential fish habitat 
(EFH)

Fish habitat (see also 
habitat)

Fish population

The benefits people obtain from  ecosystems. These 
include provisioning services such as food and water; 
regulating services such as flood and disease control; 
cultural services, such as spiritual and cultural benefits; 
and supporting services, such as nutrient cycling or 
waste degradation, that maintain the conditions for life 
on earth*.

In fisheries, a series of measures and action to  constrain 
fishers to  catch the right quantities and type of fishes 
as set by fishery laws o r o ther regulations in order to 
achieve sustainable objectives over a stock and an area. 
M easures include: com pletion of fishery logbooks, 
equipping vessels w ith  VMS, placing observers on 
board vessels, aerial or at-sea observation of the fishing 
fleet and inspections. These measures are usually 
backed up by the law.

A set of activities designed to  identify and predict the 
impacts of a proposed action on the biogeophysical 
environm ent and on m an’s health and well-being, and 
to  interpret and com m unicate inform ation about the 
impacts, including m itigation measures, that are likely 
to  eliminate the risks. In m any countries, organizations 
planning new projects are required by law to conduct 
an EIA. U sually it is carried out by three parties, the 
developer, the public authorities and the planning 
authorities.

Essential fish habitat can consist of both  the water 
colum n and the underlying surface (e.g. sea floor) of 
a particular area. Areas designated as E FH s contain 
habitat essential to  the long-term  survival and 
health of a fishery. C ertain properties of the w ater 
colum n such as tem perature, nutrients, or salinity 
are essential to various species. Some species may 
require certain bottom  types such as sandy o r rocky 
bottom s, vegetation such as seagrasses or kelp, or 
structurally complex coral o r oyster reefs. A n EFH  
includes those habitats that support the different 
life stages of each managed species. A  single species 
m ay use m any different habitats th roughout its life 
to  support breeding, spawning, nursery, feeding and 
p ro tection  functions. A n E FH  encompasses those 
habitats necessary to  ensure healthy fisheries now  and 
in the fu ture8.

The physical and biological environm ent in w hich 
the fish live, including everything that surrounds and 
affects their lives, e.g. w ater quality, bottom , vegetation 
and associated species (including food supplies)*.

A group of interbreeding organisms that represents the 
level of organization at w hich spéciation begins*.
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Fisheries management

Fishing effort

Fishing fleet

Fishing vessel

Geographic Information 
Systems (GIS)

Geostatistics

GIS

GLM

Generalized linear model 
(GLM)

The set of measures affecting a resource and its 
exploitation w ith  a view to achieving certain objectives, 
such as the maxim ization of the production  of that 
resource. M anagement includes, fo r example, fishery 
regulations such as catch quotas or closed seasons. 
Managers are those w ho practice management*.

The total am ount of fishing activity on the fishing 
grounds over a given period of time, often expressed 
for a specific gear type, e.g. num ber of hours traw led 
per day, num ber of hooks set per day or num ber of 
hauls of a beach seine per day. Fishing effort w ould 
frequently be measured as the product of (i) the total 
time spent fishing and (ii) the am ount of fishing gear of 
a specific type used on the fishing grounds over a given 
unit of time. W hen tw o or m ore kinds of gear are used, 
they m ust be adjusted to some standard type in order 
to derive an estimate of total fishing effortd.

The set of units (vessels) of any discrete type of fishing 
activity exploiting a specific resource. For example, 
a fishing fleet m ay be all the purse-seine vessels in a 
specific sardine fishery o r all the fishers setting nets 
from  the shore in a tropical multispecies fisheryd.

A ny vessel, boat, ship or o ther craft that is equipped 
and used for fishing or in support of such activity. 
For management purpose, particularly for m onitoring 
and surveillance, m ay be considered to include any 
vessel aiding or assisting one or m ore vessels at sea 
in the perform ance of any activity relating to  fishing, 
including, but not limited to, preparation, supply, 
storage, refrigeration, transportation or processing (e.g. 
m other ships)*.

An integrated collection of com puter software and data 
used to  view and manage inform ation about geographic 
places, analyse spatial relationships and model spatial 
processes. A GIS provides a fram ew ork for gathering 
and organizing spatial data and related inform ation so 
that they can be displayed and analysed*.

A class of statistics used to  analyses and predict 
the values associated w ith  spatial o r spatio-tem poral 
phenom ena. Geostatistics provides a means of exploring 
spatial data and generating continuous surfaces from  
selected sampled data points*.

(see Geographic inform ation system)

(see Generalized linear models)

A modelling process that attem pts to accommodate 
variance heterogeneity and asymmetric, non-norm al 
behaviour by offering a range of distributional types 
that cover at least the m ore com m on mean-variance 
relationships1*.
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Global positioning 
system (GPS)

GPS

Governance

Ground truthing

Habitat (see also Fish 
habitat)

Hardware

Hatchery

Index of abundance

Indicator

A system of radio-em itting and -receiving satellites 
used for determ ining positions on the earth. The 
orbiting satellites transm it signals that allow a GPS 
receiver anyw here on earth to calculate its ow n location 
through trilatération. Developed and operated by  the 
U nited  States D epartm ent of Defence, the system 
is used in navigation, mapping, surveying and other 
applications in w hich precise positioning is necessary0.

(see Global positioning system)

The formal and inform al arrangements, institutions, 
and norm s w hich determ ine how  resources or an
environm ent are u tilized , how  prob lem s and
opportun ities are evaluated and analysed, w hat
behaviour is deemed acceptable o r forbidden, and what 
rules and sanctions are applied to affect the pattern  of 
resource and environm ental use*.

The process of assessing the accuracy o r validation 
of rem otely sensed o r m athem atically calculated data 
based on data actually measured in the field0.

The place where an organism lives or the place one 
w ould go to find it. The habitat is the organism ’s 
address, and the ecological niche its profession,
biologically speaking.

The physical equipm ent in a com puter system*.

A facility used fo r the artificial and controlled 
breeding, hatching and rearing of aquatic organisms, 
on a commercial o r experimental basis, through their 
early life stages. A  hatchery is usually closely associated 
w ith  a nursery facility w here the cultured organisms 
are grow n to the appropriate size before being released 
to  the wild o r an ongrowing structure.

A relative measure of the w eight or num ber of fish in 
a stock, a segment of stock (e.g. the spawners) or in an 
area. O ften  available in tim e series, the inform ation is 
collected through scientific surveys or inferred from  
fishery data*.

A variable pointer, or index, of the state of a system. 
Its fluctuation reveals the variations in key elements 
of a system. The position and trend  of the indicator 
in relation to  reference points or values indicate the 
present state and dynamics of the system. Indicators 
provide a bridge between objectives and actions*.
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Integrated management

Landings

Landsat

Large marine ecosystem

Logbook

Management measures 
or regulations

Map projection

Map scale

A continuous process th rough  w hich decisions 
are made fo r the sustainable use, developm ent 
and pro tection  of areas and resources. Integrated 
m anagem ent acknowledges the relationships that 
exist am ong different uses and the environm ents they 
potentially  affect. It is designed to  overcom e the 
fragm entation inherent in a sectoral approach, analyses 
the implications of developm ent and conflicting uses, 
and prom otes linkages and harm onization  am ong 
various activities*.

Weight of the product landed at a landing site. Landings 
m ay be different from  the catch (which includes the 
discards) *.

A series of U nited  States po lar orbiting satellites, first 
launched in 1972 by N ASA, w hich carry both  the 
multispectral scanner and them atic m apper sensors9.

Large area of ocean space of approxim ately 200 000 km 2 
or greater, adjacent to  the continents in coastal waters, 
that has distinct bathym etry, hydrography, productivity  
and trophically dependent populations*.

A detailed, usually official record of a vessel’s fishing 
activity registered systematically on board the fishing 
vessel, usually including inform ation on catch and 
its species com position, the corresponding fishing 
effort and location. C om pletion of logbooks m ay be a 
com pulsory requirem ent for a fishing licence*.

Specific controls applied in the fishery to contribute to 
achieving the objectives, including some o r all of the 
technical measures (gear regulations, closed areas and 
time closures), input controls, ou tput controls and user 
rights'1.

A m ethod by w hich the curved surface of the earth is 
portrayed on a flat surface. This generally requires a 
systematic mathematical transform ation of the earth’s 
graticule of lines of longitude and latitude onto a plane. 
Every map projection distorts distance, area, shape, 
direction or some com bination thereof*.

The ratio or relationship between a distance or area on 
a map and the corresponding distance or area on the 
ground, com m only expressed as a fraction or ratio. A 
map scale of 1/100 000 or 1:100 000 means that one unit 
of measure on the map equals 100 000th of the same 
unit on the earth*.



94 Geographie In form ation  Systems to support the ecosystem approach to fisheries

Marine protected area 
(MPA)

Marine spatial planning 
(MSP)

Modelling

Monitoring

MPA

Non-retained species 

Population dynamics

Quota

Raster

A pro tec ted  m arine in tertidal o r subtidal area, 
w ithin territorial waters, EEZs or in the high seas, 
set aside by law o r o ther effective means, together 
w ith  the overlying w ater and associated flora, fauna, 
historical and cultural features. It provides degrees 
of preservation and protection  for im portant marine 
biodiversity and resources; a particular habitat (e.g. a 
mangrove or a reef) or species or subpopulation (e.g. 
spawners or juveniles), depending on the degree of use 
perm itted. The use of MPAs for scientific, educational, 
recreational, extractive and other purposes including 
fishing is strictly regulated and could be prohib itedd.

A process of analysing and allocating parts of 3D marine 
spaces to specific uses, to achieve ecological, economic 
and social objectives that are usually specified through 
the political process; the MSP process usually results 
in a comprehensive plan or vision for a marine region. 
MSP is an element of sea-use management1.

T he co n stru c tio n  of physical, conceptual or 
mathematical representation of the real w orld. M odels 
help to show relationships between processes (physical, 
economic or social) and m ay be used to  predict the 
effects of changes in, for instance, m arine ecosystems*.

The collection and analysis of inform ation perform ed 
for the purpose of assessment of the progress and 
success of a management plan. M onitoring is used for 
the purpose of assessing perform ance of a management 
plan or compliance scheme and revising them  or to 
gather experience for future plans*.

(see M arine protected areas)

(see Discards)

The part of fishery biology w hich studies the abundance 
of biological populations (including fish) and their 
changes*.

A share of the total allowable catch (TAC) allocated 
to  an operating unit such as a country, a community, 
a vessel, a com pany o r an individual fisher (individual 
quota) depending on the system of allocation. Q uotas 
may o r m ay not be transferable, inheritable and tradable. 
W hile generally used to  allocate total allowable catch, 
quotas could be used also to allocate fishing effort or 
biomassd.

A spatial data model that defines space as an array 
of equally-sized cells arranged in rows and columns, 
and com posed of single o r m ultiple bands. Each 
cell contains a single attribute value and location 
coordinates. U nlike a vector structure, w hich stores 
coordinates explicitly, raster coordinates are contained 
in the ordering of the matrix. G roups of cells that share 
the same value represent the same type of geographic 
feature or measurement*.
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Rem ote sensing

Restocking

Retained species

Satellite imagery (see 
also Rem ote sensing)

Seamounts

Spatial patterns

Spatial scale 

Species

Stakeholder

C ollecting and interpreting inform ation about the 
environm ent and the surface of the earth from  a 
distance, prim arily  by sensing radiation that is naturally 
em itted or reflected by the earth’s surface or from  the 
atm osphere, or by sensing signals transm itted from  
a device and reflected back to  it. Examples of remote 
sensing m ethods include aerial photography, radar, 
acoustic sonar and satellite imaging0.

The release of cultured juveniles into the w ild to  restore 
the spawning biomass of severely overfished stocks to 
levels at w hich they can once again provide sustainable 
yields. Restocking requires some level of management 
to protect the released animals and their progeny until 
replenishm ent has occurred“1.

(see Landings)

Im agery acquired from  satellites and aircraft, including 
panchrom atic, radar, m icrowave and m ultispectral 
satellite imagery0.

A large isolated elevation characteristically of conical 
form . Seam ounts are undersea m ountains w hose 
summits lie beneath the ocean surface. They are usually 
volcanic in origin and are generally defined as having 
an elevation of greater than 1 000 m from  the sea bed*.

R ecognition of regularities in the geographic 
distribution of natural phenom ena o r hum an activities 
on w hich the prediction of successive or future events 
m ay be based.

(see Scale)

G roup  of animals o r p lan ts having com m on 
characteristics, able to  breed together to  produce fertile 
(capable of reproducing) offspring, and maintaining 
their “separateness” from  other groups*.

A ny person o r group w ith  a legitimate interest in 
the conservation and management of the resources 
being managed. G enerally speaking, the categories 
of interested parties will often be the same for m any 
fisheries, and should include contrasting interests: 
com m ercial/recreational, conservation /explo itation , 
a rtisan a l/in d u stria l, fish er/b u y er-p ro cesso r-trad er 
as well as governm ents (local/state/national). The 
public, the consumers and the scientists could also be 
considered as interested parties in some circumstances“1.
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Stock A group of individuals of a species occupying a well-
defined spatial range independent of o ther stocks 
of the same species. Random  dispersal and directed 
migrations due to seasonal or reproductive activity 
can occur. Such a group can be regarded as an entity 
for management or assessment purposes. Some species 
form  a single stock (e.g. southern bluefin tuna) while 
others are com posed of several stocks (e.g. albacore 
tuna in the Pacific Ocean comprises separate northern  
and southern stocks). The impact of fishing on a species 
cannot be fully determ ined w ithout knowledge of the 
stock structured.

Stock assessment The process of collecting and analysing biological and
statistical inform ation to  determ ine the changes in the 
abundance of fishery stocks in response to  fishing, and, 
to  the extent possible, to predict future trends of stock 
abundance. Stock assessments are based on resource 
surveys; knowledge of the habitat requirem ents, life 
history, and behaviour of the species; the use of 
environm ental indices to determ ine impacts on stocks; 
and catch statistics. Stock assessments are used as a 
basis to  assess and specify the present and probable 
future condition of a fishery*.

Sustainable development Developm ent that meets the needs of the present
w ithout com prom ising the ability of future generations 
to  meet their ow n needs'1.

Those species that are prim arily  sought by the fishers 
in a particular fishery. The subject of directed fishing 
effort in a fishery. There m ay be prim ary as well as 
secondary target species'1.

The area beyond the tidal baseline of the open coasts 
of a country  over w hich that country  exercises full 
control except for innocent passage of foreign vessels. 
Set at a maximum of 12 nautical miles in breadth by the 
1982 Law of the Sea C onvention, its w idth  depends on 
countries*.

Total am ount of resource allowed to be taken in a 
specified period (usually a one-year period) for a 
specified area, as defined in the management plan. TAC 
may be allocated to  the stakeholders in the form  of 
quotas as specific quantities or proportions'1.

Vector A coord inate-based  data m odel tha t represents
geographic features as points, lines and polygons. Each 
point feature is represented as a single coordinate pair, 
while line and polygon features are represented as 
ordered lists of vertices. A ttributes are associated w ith 
each vector feature, as opposed to a raster data model, 
w hich associates attributes w ith  grid cells".

Total allowable catch  
(TAC)

Target species

Territorial waters
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A part of m odern m onitoring, control and surveillance 
systems (MCS) the VMS is a vessel tracking system 
(usually satellite-based) w hich provides management 
authorities w ith  accurate inform ation on a fishing 
vessel’s position, course and speed at time intervals. 
Detail of VMS approved equipm ent and operational 
use will vary w ith  the requirem ents of the nation of the 
vessel’s registry and the regional or national w ater in 
w hich the vessel is operating*.

(see Vulnerable marine ecosystems)

M arine areas w here a population, com m unity or habitat 
will experience substantial alteration from  short-term  
or chronic disturbance, and will require some time 
to recover after a disturbance. The vulnerabilities of 
populations, com m unities and habitats m ust be assessed 
relative to specific threats. Some features, particularly 
ones that are physically fragile o r inherently rare, 
m ay be vulnerable to  most forms of disturbance, but 
the vulnerability of some populations, communities 
and habitats m ay vary greatly depending on the 
type of fishing gear used o r the kind of disturbance 
experienced11.

Dividing an area in zones or sections w ith  different 
characteristics, or reserved for different purposes or 
uses, o r conditions of use such as no-take zones 
o r reserves (see M PAs), b iodiversity  corridors, 
non -traw lin g  areas and areas fo r exclusive 
use by sm all-scale fisheries o r aquaculture. 
Ocean zoning is an element of marine spatial planning.

a F rom  o r adapted from  F A O  Fisheries and A quaculture D epartm en t Glossary, w w w .fao .org/fi/g lossary/ 
default.asp

b F rom  or adapted from  C ochrane, K.L. (ed.). 2002. A  fishery  m anager’s guidebook. M anagem ent 
measures and their application. F A O  Fisheries Technical Paper 424. Rom e. 231 pp. 

c F rom  o r adapted from  the ESRI GIS D ictionary. h ttp ://support.esri.com /index.cfm ?fa= know ledgebase. 
gisD ictionary. gateway

d F rom  or adapted from  FA O . 2003. Fisheries m anagem ent. 2. The ecosystem approach to fisheries. FA O  
Technical G uidelines fo r R esponsible Fisheries N o . 4, Suppl. 2. 112 pp. 

e F rom  o r adapted from  F A O  Fisheries and A quaculture D epartm en t A quaculture  Glossary, w w w .fao.
org/fi/g lossary /aquacultu re/defau lt.asp  

f F rom  o r adapted from  Spalding, M .D ., Fox, Fl.E., A llen, G .R , D avidson, N ., Ferdaña, Z.A., F inlayson, 
M., Flalpern, B.S., Jorge, M .A., L om bana, A., Lourie, S.A., M artin, K .D ., M cm anus, E., M olnar, J., 
Recchia, C .A. &  R obertson, J. 2007. M arine ecoregions o f the  w orld: A  bioregionalization of coastal and 
shelf areas. Bioscience, 57(7): 573-583. 

s F rom  or adapted from  Flabitat P ro tection  D ivision of N O A A  N ational M arine Fisheries Service 
(NM FS), Office o f Flabitat C onservation, w w w .nm fs.noaa.gov/hab ita t/hab ita tp ro tection /efh /index_a. 
h tm

h F rom  or adapted from  Venables, W .N. & D ichm ont, C .M . 2004. G LM s, G A M s and GLM M s: an 
overview  of th eo ry  fo r applications in  fisheries research. Fisheries Research, 70: 319-337.

‘ F rom  o r adapted  from  M eaden, G.J. & D o  Chi, T. 1996. Geographical inform ation systems: applications 
to m arine fisheries. FA O  Fisheries Technical Paper 356. Rom e. 335 pp.

1 F rom  o r adapted  from  Ehler, C. & D ouvere, F. 2007. Visions fo r  a Sea Change. R eport o f the  First 
In ternational W orkshop on  M arine Spatial Planning. In tergovernm ental O ceanographic C om m ission 
and M an and the Biosphere Program m e. IO C  M anual and G uides N o . 48. lO C A M  D ossier (pdf, 3.01 
MB) N o . 4. Paris, U N E S C O .

k A dapted  from  FA O . 2009. Report o f  the Technical Consultation on In terna tional Guidelines fo r  the 
M anagem ent o f  Deep-sea Fisheries in the H igh  Seas. Rome, 4 -8  February and  25-29 A ugust 2008. FA O  
Fisheries and A quaculture R eport 881. Rom e. 86 pp.

Vessel m onitoring  
system (VMS)

Vulnerable habitats

Vulnerable marine 
ecosystems (VME)

Zoning

http://www.fao.org/fi/glossary/
http://support.esri.com/index.cfm?fa=knowledgebase
http://www.fao
http://www.nmfs.noaa.gov/habitat/habitatprotection/efh/index_a
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Annex

Major fisheries and marine data 
providers on the Internet

FISHERIES DATA1
Organization Description and Web site URL
Alaska Fisheries Science Center Fisheries  d a ta  fo r  t h e  A laska  m a r in e  a re a s  

w w w .a fs c .n o a a .g o v /d a ta b a s e s .h tm

Australian Government V arious  fis h e ry  d a ta s e ts  
w w w .d a ff .g o v .a u /f ish e rie s

CEFAS -  Centre for Environment, A  w id e  r a n g e  o f fis h e rie s  f o r  m a in ly  UK w a te r s
Fisheries and Aquaculture Science, 
United Kingdom w w w .cefas.co.uk/products-and-services/data-and-technology/fisheries-m anagem ent-system s.aspx

CEPHBASE E xtensive  d a ta b a s e  o n  c e p h a lo p o d s  
w w w .c e p h b a s e .u tm b .e d u /

Coastal and Ocean Information 
Network Atlantic (COINAtlantic)

M e ta d a ta  re c o rd s  c o v e r in g  A tla n tic  C a n a d a  
h ttp :/ /c o in a tla n tic .c a /

CCAMLR -  Commission for the Fisheries  d a ta  fo r  t h e  A n ta rc tic  re g io n
Conservation of Antarctic Marine 
Living Resources

w w w .c c am lr .o rg /p u /E /sc /d a t/in tro .h tm

European Commission (Eurostat) C o m p re h e n s iv e  F isheries  d a ta
h ttp : / / e p p .e u r o s ta t .e c .e u r o p a .e u /p o r ta l /p a g e /p o r ta l / f is h e r ie s / in tro d u c t io n

European Union (FIDES) A  " o n e  s to p "  s h o p  t h a t  a u to m a te s  t h e  m a n a g e m e n t  o f  fish e ry  d a ta  
h ttp :/ /e c .e u ro p a .e u / id a b c /e n /d o c u m e n t/2 2 5 4 /5 9 2 6

FAO, Rome S ta tis tica l d a ta  a v a ila b le  fro m  FAO Fisheries  a n d  A q u a c u ltu re  D e p a r tm e n t  
w w w .fa o .o rg /f is h e ry /s ta tis t ic s /e n

FishBase w w w .f is h b a s e .o rg /h o m e .h tm  
A  g lo b a l in fo rm a tio n  sy stem  o n  fish es

GISFish -  FAO, Rome A  " o n e  s to p "  s ite  fro m  w h ich  t o  o b ta in  t h e  g lo b a l e x p e r ie n c e  o n  G e o g ra p h ic  In fo rm a tio n  
System s (GIS), R e m o te  S en sin g  a n d  M a p p in g  as a p p lie d  t o  F isheries a n d  A q u a c u ltu re .  
w w w .fa o .o rg /f ish e ry /g is f ish /in d e x .jsp

ICCAT -  International Commission 
for the Conservation of Atlantic 
Tuna

Fishery  s ta tis tic s  fo r  all f is h e rie s  in t h e  A tla n tic  
w w w . ic c a t. i n t /e n /

ICES -  International Council for 
Exploration of the Seas

A  ra n g e  o f  fis h e rie s  d a ta  c o v e r in g  t h e  N o rth  A tla n tic  
w w w .ic e s .d k /d a ta c e n tre /in d e x .a s p

INTUTE P o rta l t o  d e ta i le d  a rch iv es  in c lu d in g  m a r in e  b io lo g y  
w w w .in tu te .a c .u k /c g i-b in /b ro w s e .p l? id = 1 17967

Marine Life Information Network M arin e  e n v iro n m e n ta l  d a ta
for Britain and Ireland w w w .m a r lin .a c .u k /m a r in e d a ta .p h p

National Biological Information 
Infrastructure

E xtensive  b io lo g ic a l in fo rm a tio n  
w w w .n b ii.g o v /p o r ta l/s e rv e r .p t

National Oceanographic Data 
Center of NOAA

A ccess t o  in d e x in g  a n d  a b s tr a c t in g  d a ta b a s e s  c o v e r in g  a w id e  ra n g e  o f fish e rie s  re la te d  
to p ic s
w w w .lib .n o a a .g o v /re s e a rc h to o ls /jo u rn a ls /d a ta b a s e s .h tm l

NOAA Fisheries -  Office of Science Fisheries  s ta tis tic s  fo r  USA
and Technology w w w .s t.n m fs .n o a a .g o v /s t1 /in d e x .h tm l

Northeast Fisheries Science Center List o f w o r ld w id e  fis h e rie s  d a ta b a s e s  
w w w .n e fs c .n o a a .g o v /n e fs c lib ra ry /d b s .h tm l

NAFO -  Northwest Atlantic S u p p lies  d a ta  o n  fis h e rie s  c a tc h e s  a n d  la n d in g  fo r  12 N o rth  A tla n tic  c o u n tr ie s
Fisheries Organization w w w .n a fo .in t/f is h e rie s /fra m e s /f ish e ry .h tm l

United States Geological Survey 
(USGS) -  Fisheries Data Center

List o f f ish e rie s  d a ta  se rv ers  in t h e  USA 
w w w .u m e s c .u sg s .g o v /d a ta _ lib ra ry /f is h e r ie s /f ish _ p a g e .h tm l

Woods Hole Institute, United Library  s ea rc h  fac ilitie s  fo r  d a ta b a s e s  o n  fish e rie s
States of America w w w . m b lw h o i I ib ra ry .o rg /d a ta b a se s / in d e x . p h p ? se a rc h = fis h e rie s

WRI -  World Resources Institute S e a rc h ab le  d a ta b a s e  o n  c o as ta l a n d  m a r in e  eco sy s tem s  
h ttp ://e a r th t re n d s .w r i .o rg /s e a rc h a b le _ d b /in d e x .p h p ? th e m e = 1

1 All In te rn e t add resses co rrec t as o f 14 O c tober 2009.

http://www.afsc.noaa.gov/databases.htm
http://www.daff.gov.au/fisheries
http://www.cefas.co.uk/products-and-services/data-and-technology/fisheries-management-systems.aspx
http://www.cephbase.utmb.edu/
http://coinatlantic.ca/
http://www.ccamlr.org/pu/E/sc/dat/intro.htm
http://epp.eurostat.ec.europa.eu/portal/page/portal/fisheries/introduction
http://ec.europa.eu/idabc/en/document/2254/5926
http://www.fao.org/fishery/statistics/en
http://www.fishbase.org/home.htm
http://www.fao.org/fishery/gisfish/index.jsp
http://www.ices.dk/datacentre/index.asp
http://www.intute.ac.uk/cgi-bin/browse.pl?id=117967
http://www.marlin.ac.uk/marinedata.php
http://www.nbii.gov/portal/server.pt
http://www.lib.noaa.gov/researchtools/journals/databases.html
http://www.st.nmfs.noaa.gov/st1/index.html
http://www.nefsc.noaa.gov/nefsclibrary/dbs.html
http://www.nafo.int/fisheries/frames/fishery.html
http://www.umesc.usgs.gov/data_library/fisheries/fish_page.html
http://earthtrends.wri.org/searchable_db/index.php?theme=1
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MARINE DATA
Organization Description and Web site URL
APL Ocean Remote Sensing W id e  ra n g e  o f s a te ll i te  d a ta  

h t tp : / / f e rm i.jh u a p l .e d u /

Australian Government -  Bureau 
of Meteorology

M e te o ro lo g ic a l a n d  m a r in e  d a ta  fo r  A u s tra lia  a n d  A n ta rc tic a  
w w w .b o m .g o v .a u /

Australian Government -  
Department of the Environment, 
Water, Heritage and Arts

M arin e  d a ta  p ro d u c ts  fo r  A u stra lia  
w w w .e n v iro n m e n t.g o v .a u /e r in /in d e x .h tm l

Australian Ocean Data Centre M arin e  d a ta  fro m  a m u lti-a g e n c y  d is t r ib u te d  d a ta  sy stem  
w w w .a o d c .g o v .a u /

Baltic Sea Region GIS R eg io n al d a ta s e ts  fo r  t h e  Baltic Sea 
w w w .g r id a .n o /b a lt ic /

British Antarctic Survey V arious  m a r in e  d a ta  fo r  t h e  A n ta rc tic  w a te r s  
w w w .a n ta rc tic a .a c .u k /b a s _ re s e a rc h /d a ta /in d e x .p h p

British Oceanographic Data Centre W o rld w id e  m a r in e  d a ta  se ts  
w w w .b o d c .a c .u k /

BSH, Germany M arin e  d a ta  a n d  d a ta  h o ld in g  c e n t re s  in G e rm an y  
w w w .b s h .d e /e n /in d e x .js p

Centre National D'Etudes Spatiales V arious  m ic ro w a v e  s a te ll i te  a l t im e try  d a ta  p ro d u c ts
(CNES), France w w w .a v is o .o c e a n o b s .c o m /e n /d a ta /in d e x .h tm l
CISL Research Data Archive A ra n g e  o f  co lle c tio n s  o f  o c e a n o g ra p h ic  o b s e rv a tio n s  

h ttp :/ /d s s .u c a r .e d u /c a ta lo g s /f re e .h tm l
CSIRO -  Marine and Atmospheric 
Research, Australia

M arin e  d a ta s e ts  fo r  A u stra lia  
w w w .m a r in e .c s iro .a u /d a ta c e n tre /

CSIRO -  Observing the Ocean, M arin e  s a te l l i te  d a ta  fo r  A u stra lia
Australia w w w .m a rin e .c s iro .a u /~ lb a n d /
DLR -  Applied Remote Sensing G e rm a n  s a te l l i te  r e m o te  sen s in g  d a ta
Cluster w w w .d lr .d e /c a f /e n /d e s k to p d e fa u lt .a s p x
EOWEB -  Earth Observation on V arious  r e m o te  sen s in g  d a ta  se ts
the web h ttp :/ /e o w e b .d lr .d e :8 0 8 0 /s e rv le ts / te m p la te /w e lc o m e /e n try P a g e .v m
EPIC -  Pacific Marine A ccess t o  e a r th  o b s e rv a tio n  d a ta
Environmental Laboratory w w w .e p ic .n o a a .g o v /e p ic /
European Commission -  Sea- 
Search

G a te w a y  t o  o c e a n o g ra p h ic  a n d  m a r in e  d a ta  fo r  E u ro p e  
w w w .s e a -s e a rc h .n e t/

Fisheries and Oceans Canada 
(DFO) -  Ocean and Ecosystem 
Science

O c e a n o g ra p h ic  d a ta  fo r  e a s te rn  C an a d a  
w w w .m a r.d fo -m p o .g c .c a /sc ie n c e /o c e a n /sc i/sc i-e .h tm l

IFREMER, France A ccess t o  F rench  o c e a n o g ra p h ic  d a ta  
w w w .ifrem er.fr /s ism er/in d ex _ F R .h tm

INFORAIN S e a rc h ab le  d a ta b a s e  o f g e o g ra p h ic  d a ta  fo r  w e s te rn  USA a n d  C an a d a  
w w w .in fo ra in .o rg /d a ta re s o u rc e s /d a ta la y e rs .c fm

Integrated Science Data M arin e  b u o y  a n d  s a te ll i te  d a ta  fo r  C an a d a
Management (ISDM), Canada w w w .m e d s -sd m m .d fo -m p o .g c .c a /is d m -g d s i/in d e x -e n g .h tm l
IRI/LDEO Climate Data Library V arious  h is to ric a l m a r in e  a n d  a tm o s p h e r ic  d a ta s e ts  

h ttp :/ / ir id l . ld e o .c o lu m b ia .e d u /
Lamont-Doherty Earth W id e  ra n g e  o f d a ta s e ts  a t  g lo b a l a n d  re g io n a l level
Observatory w w w .ld e o .c o lu m b ia .e d u / re s e a rc h /d a ta b a s e s - re p o s ito r ie s
MarineGIS, Canada List o f m a r in e  d a ta  c e n tre s  

w w w .m a rin e g is .c o m /
MARIS -  Marine Information 
Service, Netherlands

O c e a n o g ra p h ic  a n d  m a r in e  d a ta  a n d  in fo rm a tio n  in E u ro p e  
w w w .m a ris .n l/

NASA -  Earth System Science Data Listing o f NASA's s a te ll i te  d a ta  a rch ives
and Services h ttp :/ /n a s a d a a c s .e o s .n a s a .g o v /a b o u t.h tm l
NASA -  Goddard Earth Sciences V arious  NASA's s a te ll i te  d a ta
Division h ttp ://d isc .sc i.g s fc .n a sa .g o v /
NASA -  Goddard Space Flight V arious  w o r ld w id e  o c e a n o g ra p h ic  d a ta s e ts
Center h ttp ://g c m d .g s fc .n a sa .g o v /
NASA -  Goddard Space Flight W o rld w id e  SeaW IFS d a ta
Center h ttp ://o ce a n co lo r.g s fc .n a sa .g o v /S e a W iF S /

http://fermi.jhuapl.edu/
http://www.bom.gov.au/
http://www.environment.gov.au/erin/index.html
http://www.aodc.gov.au/
http://www.grida.no/baltic/
http://www.antarctica.ac.uk/bas_research/data/index.php
http://www.bodc.ac.uk/
http://www.bsh.de/en/index.jsp
http://www.aviso.oceanobs.com/en/data/index.html
http://dss.ucar.edu/catalogs/free.html
http://www.marine.csiro.au/datacentre/
http://www.marine.csiro.au/~lband/
http://www.dlr.de/caf/en/desktopdefault.aspx
http://eoweb.dlr.de:8080/servlets/template/welcome/entryPage.vm
http://www.epic.noaa.gov/epic/
http://www.sea-search.net/
http://www.mar.dfo-mpo.gc.ca/science/ocean/sci/sci-e.html
http://www.ifremer.fr/sismer/index_FR.htm
http://www.inforain.org/dataresources/datalayers.cfm
http://www.meds-sdmm.dfo-mpo.gc.ca/isdm-gdsi/index-eng.html
http://iridl.ldeo.columbia.edu/
http://www.ldeo.columbia.edu/research/databases-repositories
http://www.marinegis.com/
http://www.maris.nl/
http://nasadaacs.eos.nasa.gov/about.html
http://disc.sci.gsfc.nasa.gov/
http://gcmd.gsfc.nasa.gov/
http://oceancolor.gsfc.nasa.gov/SeaWiFS/
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MARINE DATA (cont.)
Organization Description and Web site URL
NASA -  Goddard Space Flight V arious  c o lo u r  a n d  th e rm a l  s a te ll i te  p ro d u c ts
Center h ttp ://o c e a n c o lo r .g s fc .n a s a .g o v /
National Geophysical Data Center W o rld  s h o re lin e  a n d  c o a s tl in e  d a ta  

h ttp :/ /g e o d is c o v e r .c g d i.c a /g d p /in d e x .jsp ? la n g u a g e = e n
Naval Research Laboratory -  
Ocean Sciences Branch

M arin e  s a te l l i te  d a ta  fo r  s e le c te d  a re a s  
h ttp ://w w w 7 2 4 0 .n rlssc .n av y .m il/

NEODASS -  Dundee Satellite A rch iv ed  AVHRR, M odis a n d  S eaW ifs s a te l l i te  d a ta
Receiving Station w w w .s a t .d u n d e e .a c .u k /a u th .h tm l

NOAA -  Comprehensive Ocean 
Atmosphere Datasets

W o rld w id e  s a te ll i te  im ag e s  
h ttp :/ / ic o a d s .n o a a .g o v /

NOAA -  National Data Buoy W o rld w id e  M e te o ro lo g ic a l a n d  o c e a n o g ra p h ic  b u o y  d a ta
Center h t tp : / / s e a b o a r d .n d b c .n o a a .g o v /

NOAA -  Shoreline Data W o rld w id e  s h o re lin e  d a ta  
h ttp :/ / s h o re l in e .n o a a .g o v /

NOAA -  Tropical Atmosphere 
Ocean Project

O c ea n  b u o y  d a ta  f o r  t h e  c e n t ra l  Pacific 
w w w .p m e l.n o a a .g o v / ta o /

NOAA -  Global Drift Program W o rld w id e  d r if te r  b u o y  d a ta  
w w w .a o m l.n o a a .g o v /p h o d /d a c /g d p .h tm l

NODC -  National Oceanographic 
Data Center, USA

W o rld w id e  m a r in e  b io lo g ica l a n d  physical d a ta  
w w w .n o d c .n o a a .g o v /

NODC -  National Oceanographic 
Data Center, USA

G lobal o c e a n  te m p e r a tu r e  a n d  sa lin ity  d a ta  
w w w .n o d c .n o a a .g o v /G T S P P /g tsp p -h o m e .h tm l

OBIS -  Ocean Biogeographic 
Information System

W o rld w id e  m a r in e  b io g e o g ra p h ic  d a ta  
w w w .io b is .o rg /

http://oceancolor.gsfc.nasa.gov/
http://geodiscover.cgdi.ca/gdp/index.jsp?language=en
http://www7240.nrlssc.navy.mil/
http://www.sat.dundee.ac.uk/auth.html
http://icoads.noaa.gov/
http://seaboard.ndbc.noaa.gov/
http://shoreline.noaa.gov/
http://www.pmel.noaa.gov/tao/
http://www.aoml.noaa.gov/phod/dac/gdp.html
http://www.nodc.noaa.gov/
http://www.nodc.noaa.gov/GTSPP/gtspp-home.html
http://www.iobis.org/


The ecosystem  app roach  to  fisheries (EAF) has b een  deve loped  over th e  last d ec ad e  in 
response to  perceived an d  actual deficiencies in previous m e th o d s o f m an ag em en t. The 
EAF recognizes th a t  fish a re  only o n e  a lb e it im p o rta n t p a rt o f a m uch w ider ecosystem  

incorporating  an  array  o f physical an d  biological com p o n en ts  th a t  hum ans in te rac t w ith  and  
exploit. R ather th a n  m anag ing  single fish stocks, an  EAF is concerned  w ith  th e  im pacts o f 

fisheries on  th e  m arine  ecosystem , th e  in te ractions b e tw e en  d iffe ren t fisheries, o f fisheries 
w ith  th e  aq u acu ltu re  sector, as well as w ith  o th e r  hum an activities. G eographic Inform ation 

Systems (GIS) a re  considered  an  ideal p la tfo rm  upon  w hich to  perfo rm  necessary in form ation  
m a n ag e m en t an d  décision-support analysis fo r th e  im p lem en ta tion  o f an  EAF. This technical 

p a p e r  is in ten d ed  to  b e  a  g u id e  t o  m e th o d s th a t  read ers  could a d o p t fo r th e ir  ow n use of 
GIS fo r an  EAF. The p lann ing  considerations fo r a p p ro p ria te  GIS in te rm s o f objectives, scope 
an d  geograph ica l a re a  a re  ou tlined . The practical considerations a re  discussed an d  include 
h a rd w are  arch itec tu re , various so ftw are  possibilities, sources an d  types o f d a ta  th a t  will be 

n eed ed , an d  th e  array  o f backup  an d  su p p o rt t h a t  is available.
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