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Preface 
 
The Galápagos Islands are the quintessential 'home' of the Darwinian concept of evolution, 
embracing, as it does, the notion of adaptation to the environment – the ‘goodness of fit’ of 
organisms in their ecosystem. Holding this conference on ‘Placing Fisheries in their 
Ecosystem Context’ in the Galápagos Islands was thus bringing the science of fisheries home 
to its ecosystem roots.  
 
Here, the conference participants were exposed to near pristine ecosystems, not far removed 
from their state at the time of Darwin, reinforcing the notion of integrity of ecosystem as the 
basis of sustainability of life in all its forms. 
 
The foundation of the conference was centred on the use of Ecopath modelling software, 
including the dynamic programme Ecosim and spatial module Ecospace, in ecosystem 
analysis. This suite of programmes has been developing, since its first conceptualisation by 
Jeffrey Polovina in 1984, up to the present time in parallel with the growing scientific opinion 
that fisheries management has to take into account the effect of fisheries on the ecosystems in 
which they are embedded. The Galápagos conference represents the state of the art of the 
software and its application. 
 
Some thirty presentations were made during the five days of the conference, ranging from 
descriptions of exploited marine ecosystems in the Atlantic and Pacific Oceans to applications 
of ecosystem analysis to fisheries and ecosystem management.  
 
This report consists of short summaries of all the presentations, and thus forms an 
encapsulation of the latest findings of and progress in placing fisheries in their ecosystem 
context. Many of the papers that were applied as opposed to descriptive in nature will appear 
in full in a special issue of the journal Ecological Modelling. 
 
We take this opportunity to thank the European Commission, particularly the programme for 
international scientific cooperation with developing countries (INCO-DC) and the ACP-EU 
Fisheries Research Initiative, for the support through the INCO-DC Concerted Action 
ERBIC18CT97175 that led to the present report, and which made the conference possible. We 
also thank the staff of the organizing institutions, notably of the Charles Darwin Research 
Station without whose dedicated work the conference would not have come to fruition. 
 
The Editors 

 
 
ACP-EU Fisheries Research Report Series 

The ACP-EU Fisheries Research Reports is a series of publications that aim to share information about 
the development of the ACP-EU Fisheries Research Initiative and findings generated in order to 
maximise the impact of its activities. It includes proceedings of workshops and meetings, statements 
on policy and research activities under the Initiative. An increasing number of these goes beyond the 
framework of ACP-EU bi-regional S&T cooperation, in line with the global nature of the issues at 
hand. 
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Abstract 
 

This report presents the proceedings of a five day scientific conference on “Placing Fisheries 
in their Ecosystem Context”, held on 4-8 December 2000, at the Charles Darwin Research 
Station, Puerto Ayora, Galápagos Islands. The conference was hosted by the Charles Darwin 
Foundation for the Galápagos Islands and co-organized by Instituto de Ecologia Aplicada, 
Universidad San Francisco de Quito, Ecuador; the Charles Darwin Research Station, Ecuador; 
and the North Sea Centre, Denmark. The conference as made possible through support from 
the European Commission's INCO-DC Concerted Action programme ERBIC18CT97175. The 
conference was based on the recognition that the sustainability of fisheries worldwide depends 
on the maintenance of the ecosystems in which they embedded. The negative impact of 
fisheries on ecosystems, and thus on the sustainability of both the fisheries and the 
ecosystems, is becoming more and more obvious and must be addressed. This conference 
brought together practitioners with experience in a wide variety of exploited marine 
ecosystems, having in common their use of  the Ecopath suite of ecosystem modelling 
software. 

There were some 30 presentations at the conference, covering aspects of ecosystem-based 
management of fisheries; impact of fisheries on ecosystems; comparative ecosystem analysis; 
and ecosystem structure and dynamics, as well as a series of discussions. The presentations, 
which investigated marine ecosystems in many parts of the Atlantic and Pacific oceans, were 
based on the Ecopath approach to ecosystem analysis and offered many insights into the 
nature of and trends in these ecosystems. The presentations also showed the utility of this 
approach in providing ecosystem-based management options for fisheries in a wide variety of 
situations. 
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Executive summary  

This report presents the proceedings of a five-day scientific conference on “Placing Fisheries in their 
Ecosystem Context”, held on 4-8 December 2000, at the Charles Darwin Research Station, Puerto 
Ayora, Galápagos Islands, Ecuador under the auspices of the Charles Darwin Research Foundation, 
North Sea Centre, Universidad San Francisco de Quito, and Galápagos National Park, and made 
possible through support from the European Commission's INCO-DC Concerted Action 
ERBIC18CT97175. The conference was based on the premise that the sustainability of fisheries 
worldwide depends on the maintenance of the ecosystems in which they embedded. Fisheries science, 
as presently applied, does not embrace this concept. However, the negative impact of fisheries on 
ecosystems, and thus on the sustainability of both the fisheries and the ecosystems, is becoming more 
and more obvious. This conference brought together practitioners with experience in a wide variety of 
exploited marine ecosystems, who have used the Ecopath suite of ecosystem modelling software. 

The presentations covered four areas: ecosystem-based management of fisheries; impact of fisheries 
on ecosystems; comparative ecosystem analysis; and ecosystem structure and dynamics. In the first, 
the use of Ecopath related to management of fisheries in Hawaii, the Northeast Atlantic, and Pacific 
and Atlantic coasts of Mexico was reported. These presentations showed the utility of Ecopath as a 
base for assessing management options in a wide variety of fisheries. 

Fisheries impact, observed and as assessed via Ecopath, was presented for marine ecosystems in the 
North Sea, Mediterranean, eastern tropical Pacific, continental shelf of north-eastern South America, 
and Brazil. These presentations highlighted the trophic decline observed in the fisheries concerned, 
verifying the observed global decline in trophic level of fisheries catches over time.  

In the third session, there were temporal comparisons of ecosystems (the southern Benguela 
upwelling; central Chilean coast, Brazilian coast, and lagoons in Italy and the Canary Islands), which 
showed the effects of management strategies on ecosystem development, and the effects of changing 
ecosystems on the fisheries. There were also comparisons made of the Ecopath software with another 
ecosystem modelling approach in assessing ecosystem behaviour, which showed a basic similarity in 
the findings from each approach. Ecosystem structure and dynamics presentations were made for 
Caribbean and Pacific coasts, for coral reefs in the Caribbean, the exploited marine ecosystems of a 
number of coastal ecosystems in western Africa.  

The conference marks the terminal event of the four-year INCO-DC Concerted Action “Placing 
Fisheries in their Ecosystem Context”. This Concerted Action has brought together researchers from 
31 institutions over a four-year period, with the aim of introducing and exploring the use of ecosystem 
modelling for fisheries management, as well as to establish or strengthen research cooperation 
between the participating institution and researchers.  
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Introduction 

Placing fisheries in their ecosystem context: the perspective of international 
scientific cooperation for global sustainability  
 
Cornelia E. Nauen (EC) 

‘Placing fisheries in their ecosystem context’ has been a demand for at least two decades. However, it 
was only with the development and broad-based use of the Ecopath family of mass-balance modelling 
tools that major conceptual breakthroughs have been made in the science. This paves the way for 
overdue changes in management approach and practice and should lead to restoration of degraded 
ecosystems to earlier levels of productivity. Here, Ecopath is discussed in the context of research on 
complex systems. 

The European Commission established in 1983 an international S&T cooperation programme with 
developing countries for sustainable development. It was initially focused exclusively on appropriate 
technology development. Since the 1990s, systems research and policy research have been introduced 
as essential for meeting sustainable development needs. Scientific partnerships based on mutual trust 
and benefits are deemed among the most adequate responses for generating the knowledge and values 
required to meet the challenges and opportunities created by the environmental and demographic 
crises in global fisheries. Globalisation and the need for new institutional arrangements and 
governance add a new dimension to such partnerships. The ecosystem-based approaches to fisheries 
under the Fisheries Research Initiative are a fertile learning ground for sustainability science in the 
21st century. 

There could not have been a more fitting setting for the international conference on ‘Placing fisheries 
in their ecosystem context’ than the Charles Darwin Research Station in the Galápagos Islands. This 
is because the conference represents a step on an important historical, intellectual and methodological 
path to describing and understanding complexity and to propose new ways to take it into account in 
practice.  

• Historically, because Darwin’s voyage on the Beagle from 1831 to 1836 gave him exposure 
to different cultures, flora and fauna, climates and particularly to geological processes, all of 
which shaped his perception of the world.  

• Intellectually, because when in 1859 Darwin published his theory on evolution based on 
inherited variations and differential reproduction mediated through the fundamental force of 
selection, he introduced into human thinking a major thrust concerning the complexity of 
nature. 

• Methodologically, because research on complex systems led to many major lines of 
investigation in the scientific tradition of Darwin and of physicists trying to discover the 
fundamental laws of nature.  
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Ecopath with Ecosim modelling – approaching complexity in search of new thinking on 
aquatic productivity and conservation 

The approach taken in the Ecopath family of modelling and analytic methods to studying complexity 
recognises aquatic ecosystems as a ‘nonnegotiable’ dimension of fisheries resources and their 
management. This contrasts with earlier species or stock-based approaches, which captured too little 
of the complexity and ultimately led to misplaced advice to decision makers.  

At the same time, by focusing on predation as the dominant driving force in reality-constrained 
models, the Ecopath approach provides a framework to assess adaptation and change without the need 
to know the unknowable and is proving sufficiently flexible to accommodate environmental forcing 
where required.  

Globalisation and the increase from three to six billion humans on this planet over the last half century 
and their growing aspirations for better living conditions and more consumption-oriented lifestyles 
have been powerful forces driving what we now understand as sequential overfishing and fishing 
down marine food webs.  

By reintroducing a strong historical perspective into fisheries and ecosystem work, Ecopath-related 
analyses effectively counter what has been termed the ‘shifting baseline syndrome’ of perceptions not 
informed by such knowledge. They also offer opportunities to bring together different intellectual 
traditions of accumulating and transmitting knowledge, scientific and indigenous, into a shared vision 
of aquatic ecosystems. It is on this basis that new options for joint action, which were clearly outside 
the reach of more simplistic approaches, can be explored. 

Over the years, through broadening collaboration structured around the development and use of 
Ecopath modelling tools, important new knowledge about aquatic ecosystems has been created and 
shared. In the process, partners in the collaboration have gained much insight into the economic, 
social, institutional and political aspects of fisheries and started to explore the basis for restoring lost 
productivity. Not the least, participants in this intellectual discovery trip have also developed 
invaluable human and institutional relationships within and between countries. This has created what 
social scientists call ‘social capital’, now believed to be essential, together with knowledge, for social 
and economic success. 

The combination of these factors is the best contribution towards a new approach for ecosystem 
management, which internalises conservation requirements and gradually introduces long overdue 
changes in fisheries management practice that should lead to restoration of degraded ecosystems to 
earlier levels of productivity.  

International scientific and technological cooperation for global sustainability 

It is clear that the challenges mentioned above are formidable. No institution or even country alone 
can claim to ask the right sort of questions, let alone find all the answers in time. However, all need to 
invest in scientific capacity and social capital to live up to the challenge. 

In 1979, the UN Conference for Research and Technology for Development identified key aspects of 
these needs. Developing countries insisted that simple technology transfer was neither socially neutral 
nor adequate to their needs. In response to the demand for more scientific cooperation instead, the 
European Commission established in 1983 an international S&T programme with developing 
countries for sustainable development. This programme has been continuously developed in 
successive European Science and Technology Framework Programmes in a learning-by-doing mode. 
It initially focused on the joint development of appropriate technologies. However, since the 1990s, 
systems research and policy research have been introduced in recognition of the need to tackle 
existing complexities in a qualitatively different way.  
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The current INCO-DEV and its predecessors promote scientific partnership based on mutual trust and 
benefits. The thematic priorities of research for development focus on the most important knowledge 
gaps, namely in relation to natural resources, environment, energy and health. For all thematic areas 
except energy, all three levels of investigation are sponsored: policy research, systems research and 
technology research. Far from being a one-way street, all partners can learn, create and share 
knowledge and build up the social capital so important in an ever-smaller world. While the specificity 
of development, climate and institutional conditions justifies specific programmes for scientific 
cooperation for development, the basic principles apply to all research, particularly research into 
complex systems. 

The same principles also underlie the Fisheries Research Initiative. As a result of a political resolution 
of the ACP-EU Joint Assembly in 1993, this Initiative first focused on scientific partnerships between 
African, Caribbean and Pacific (ACP) regions and Europe. It was developed by a series of dialogue 
meetings ensuring joint agenda setting and ownership of the process. At a broader political level, such 
dialogue processes have since been established in bi-regional configurations between Asia and 
Europe, Africa and Europe and are in advanced preparation with Latin America and the Caribbean. 
This is in recognition of the fact that enabling policies by all partners have great potential to promote 
the use of available research results and to stimulate new types of research cooperation commensurate 
with global, regional and local challenges and opportunities. 

The complexity of natural and social systems, their global interdependence and the constraints posed 
by traditional disciplinary approaches, have led to early work towards the formulation of a new 
sustainability science, particularly among scientists working on climate change and its impact. The 
case is made for strong interdisciplinarity because design of (climate) protection strategies involves 
work both at the level of the ecosystem or the global physical system and of discount rates expressing 
time preferences of economic actors. 

Six major goals are proposed for sustainability science: (1) establishment of intragenerational and 
intergenerational equity; (2) preservation of humankind’s natural and cultural heritage; (3) reduction 
of regional and local vulnerability to global change; (4) creation of efficient and effective institutions 
for global governance; (5) organisation of participatory procedures of decision making at all scales 
and levels; and (6) maintenance or even enhancement of the evolutionary potential of life on Earth. 

Conclusion 

The development of sustainability science provides ambitious goals for international scientific 
cooperation in the new century. In the area of placing fisheries into their ecosystem context, the road 
is now being sketched. This is an encouraging beginning. The European Commission would like to 
see the collaboration grow and further mature to make a tangible contribution towards developing the 
roadmap into global sustainable development. While every single step is small, it is hoped that the 
sum of interaction of the parts will help us rise to the serious challenge posed by globally 
unsustainable fisheries and will bring about the emergence of new knowledge and institutions that can 
enable a transition towards sustainability.  
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Placing fisheries in their ecosystem context: the scientific perspective  
 
Villy Christensen and Daniel Pauly (North Sea Centre; UBC) 

The 95 States represented at the International Conference on the Sustainable Contribution of Fisheries 
to Food Security in Kyoto, Japan, December 1995, agreed that ten immediate actions should be taken 
by the States, including “[t]o conduct, within their competences, and where appropriate, in 
cooperation with regional and other intergovernmental organizations, integrated assessments of 
fisheries in order to evaluate opportunities and strengthen the scientific basis for multispecies and 
ecosystem management.” (http://www.fao.org/fi/agreem/kyoto/kyoe.asp) 

There are still lessons to be learned before we can live up to this part of the Kyoto Declaration. In 
order to manage exploited marine ecosystems, we must increase our knowledge of the resources they 
contain. For this reason fisheries management has for decades focused on obtaining information on 
catches, and on stock sizes of the exploited resources. This has been done, however, largely in a 
species by species manner. Over time it has become increasingly clear that fisheries resources interact 
strongly, and that their interaction have implications for how fisheries should be managed. A 
preliminary study as an example estimates that on a global scale predation outweighs the fishery more 
than threefold (Christensen 1996). For this reason it is necessary to obtain far more information of 
how the fish resources interact, most notably of their feeding ecology.  

As a result of the move toward ecosystem management fisheries research in especially the northern 
temperate areas has in recent years paid increased attention to the impact of multispecies interactions. 
This has led to development of a number of tools, but not yet to consensus on any methodology of 
analysis.  

In tropical waters multispecies assessment is in its infancy. Here, emphasis has been on developing 
and disseminating methods for single-species analysis, notably in form of analytical models wherein 
size, (i.e., length) replace age, thus enabling application of the theory of fishing even in situations 
where fish cannot be readily aged. The problem of species interaction may however be of even bigger 
importance in tropical waters than it is in temperate, and hence there is considerable interest in 
moving toward multispecies assessment.  

Unfortunately, the methods developed for multispecies analysis in temperate areas are not directly 
applicable for data sparse, tropical use as they are far too data-intensive. Hence, considerable interest 
has focused in developing countries around the use of relatively simple trophic, mass-balance models, 
which paves the way to multispecies management. Such models are structured by feeding interactions, 
and the resulting fluxes of matter or energy, and can be used to link fisheries resources with their 
supporting ecosystem, (i.e., the prey and predators of the resource species).   

Ecopath modelling 

At present work with mass-balance models has been published or is underway among a large number 
of fisheries scientists worldwide – with a close to even split between developing and developed 
countries, see Figure 1. This development has to a large degree been pioneered by the introduction 
and use of a methodology called Ecopath, which is based on work by Dr. J. Polovina at the South 
West Fisheries Center, Hawaii, USA, (Polovina 1984). The Ecopath software (Christensen and Pauly 
1992), has been widely distributed since 1990, and now has more than 2200 registered users in 124 
countries, while a large number (>150) of models of aquatic ecosystems have been published.  
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Figure 1. Registered users of the Ecopath ecosystem modelling approach and software, which 
provides the common ground for the participants in the INCO-DC Concerted Action “Placing 
Fisheries in their Ecosystem Context”. The areas of the circles are proportional to the number of 
users in each country. The total number of registered users is 2200 in 124 countries as of late 2001. 

One interesting aspect of the Ecopath approach is that models can be constructed combining local, 
and previously under-utilized data sets, with regional, published information, and with estimates from 
empirical models. The data requirements for getting started with Ecopath models is thus very limited: 
for all important ecosystem resources, from primary producers over exploited fish species to marine 
mammals, the information must detail both how abundant the resources are (biomasses), their 
productivity (or mortality rates), how they interact (diet compositions and consumption rates), and 
how efficiently the resources are utilized in the ecosystem. In addition information on human 
exploitation is needed on a species and preferably fleet/gear basis. Seasonality can, where crucial, be 
incorporated in the models.  

At present the knowledge of multispecies interactions of importance for ecosystem management may 
seem very sparse. However, large amounts of scattered information are available from previous and 
ongoing studies – often retrievable through the ACP-EU funded FishBase activity (www.fishbase.org; 
Pauly this vol.). It is fundamental that such disperse information can be placed in context through 
mass-balance ecosystem analysis, and thence be of use for ecosystem management.  

Not all information needs to be available for input though; based on an assumption of mass-balance 
the software estimates one parameter for each group in a model so as to secure mass-balance. What is 
more, this can be done through explicit consideration of uncertainty in input parameters and 
calculated parameters through a Bayesian approach, while sensitivity analysis enables formal studies 
of parameter dependencies.  

The first results of Ecopath analysis are information of the ecosystem resources, and how they impact 
each other in a given situation. A time dimension can be added to this in two ways. Firstly, by 
constructing several models, each covering different time periods, and subsequently comparing these. 
This is as an example demonstrated by many of the contributions in (Christensen and Pauly 1993). 
Secondly, through the integrated, dynamic simulation module, Ecosim, developed primarily by Prof. 
Carl Walters of the Fisheries Centre, University of British Columbia, Canada (Walters et al. 1997, 
2000). In Ecosim the system of coupled linear equations underlying each Ecopath model is re-
expressed as a system of coupled differential equations, allowing simulations of ecosystem 
perturbation in time. The resulting dynamic simulation models requires very limited additional 
parameters and assumptions, making it possible for users to concentrate on data analysis, not on 
model construction per se. This represents a strong contrast to almost all other modelling approaches. 
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Spatial considerations, for instance in connection with the use of marine protected areas as part of 
fisheries management procedures can be incorporated through the use of the Ecospace module of the 
Ecopath with Ecosim model package (Walters et al. 1999), see Zeller and Reinert (this vol.) for an 
application of the Ecospace model.  

With Ecopath models bio-economic factors can be considered through inclusion of market prices, for 
the exploited components of an ecosystem thus allowing comparison of revenue flows when 
evaluating alternative management strategies (on a gear or fleet basis), and the resulting ecosystem 
states. Through inclusion of non-exploitative sectors, e.g., eco-tourism, it becomes possible to 
compare revenues of exploitative versus non-exploitative resource uses.  

The INCO-DC Concerted Action 

As a response to an INCO-DC call for proposals in September 1997 a concerted action was outlined 
with the purpose of linking researchers in Europe, Africa, the Caribbean and Latin America working 
with mass-balance models of marine ecosystems through open and voluntary cooperation. The 
proposal was subsequently funded and started its work in September 1997, with an emphasis on two 
major regions: the Pacific coasts of Latin America, and Atlantic and Caribbean waters (Christensen 
and Pauly 1997). 

The concerted action was designed to promote an intercontinental ‘laboratory without walls’ where 
scientists in the 31 participating institutions were given a forum for cooperation. As the major part of 
the partners come from ACP/EU countries this offers an avenue for cooperation with the ACP/EU 
Fisheries Research Initiative (http://europa.eu.int/comm/development/research/0intr-en.htm). The 
wide participation should be viewed as a feat in itself, made possible not the least by the Dialogues 
conducted as part of the ACP/EU Fisheries Research Initiative. Notably, the 2nd and 3rd Dialogues in 
Dakar and Belize served to facilitate both communication about and participation in the ecosystem 
modelling activity, (Anon. 1996, 1997), as did the 1998 Ocean Food Webs and Economic 
Productivity Conference facilitated by the ACP/EU FRI, and convened at the Ocean’98 exhibition in 
Lisbon (Pauly et al. 1999).  

Emphasis has throughout the activity been on research that leads to ecosystem management in both 
ACP and EU countries. This is much in line with the Fisheries Research Initiative, which has as a 
major purpose to adopt and implement a strategy for the conservation of Large Marine Ecosystems by 
coastal states and the international community. As part of this, resources have to be assessed, the 
dynamics of ocean/coastal resource interactions understood, resource management mechanism 
developed, and sustainable yields ensured. Methodologies for reaching such aims still have to be 
further developed, but it is clear at the end of the Concerted Action that is has had contribution to 
offer toward these aims. 

Important aspects are that the activity has focused on analyses and management of exploited 
ecosystems, not just on management of their components. In order to construct mass-balance models 
information is needed on resources at all trophic levels, and experience shows that the process of 
obtaining such information strengthens inter- and intra-institutional cooperation. In addition the 
scientists involved in the modelling gain information on both ecosystem functioning and management, 
leading to insights very different from what can be obtained from traditional fisheries management. 
This is illustrated by a large number of the studies reported in the current publication. 

Comparisons have served an important role for the concerted action. Time series of ecosystem impact 
of fisheries are very sparse in the scientific literature. Thus, inter-ecosystem transects are a 
scientifically important tool for gaining new understanding of ecological and fishing-related 
processes. This has been demonstrated previously by a number of large international studies. The 
concerted actions had originally planned to focus on such comparisons, notably latitudinal and inter-
island transects, as well as comparisons between continents. However, the development of ecosystem-
based approaches for fisheries management has, in the course of the activity mutated into studies of 
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time trends within ecosystems. Therefore, emphasis in the concerted action has gradually shifted 
toward facilitating such time series studies. 

Activities 

The INCO-DC Concerted Action ‘Placing Fisheries in their Ecosystem Context’ started its work in 
September 1997, and conducted three international workshops during the first year of activity. This 
was one more than originally planned as the workshop for West Africa and Europe, originally 
scheduled for the second year, was moved forwards due to requests from partners in these regions. 

The first workshop was held at the University of Cape Town, Cape Town, South Africa from 
December, 9-17, 1997, introducing the Ecopath software to 20 participants from South Africa. Of the 
20 participants the Concerted Action funded only four, while the rest participated through other 
funding. Seven models of different ecosystems were prepared or improved during this workshop. 

The workshop series continued in April 1998 at the Marine Biology Station, Puntarenas, Costa Rica 
over 6 working days during the period 21-28 April 1998. The workshop included four interrelated 
modules:  

1) Construction and validation of mass-balance trophic models of aquatic ecosystem (Ecopath); 
2) Studying the ecosystem impact of various fishing regimes (Ecosim); 
3) Studying the ecological consequences of habitat preferences for ecosystem structuring, and 

the impacts of marine protected areas (Ecospace);  
4) Preparation and presentation of models constructed by participants, and discussion of the 

ecosystems they represent, their exploitation and status, and the potential for screening of 
ecosystem management policies.  

A total of 30 scientists participated; of these 16 were partners whose participation was funded by the 
Concerted Action, while 12 were funded by their own organizations. A very notable aspect was that 
two participants had personally funded their participation (including international travel), thus 
documenting a strong interest in the training workshop. Twelve models were prepared or improved 
during the workshop. 

The third major event was an international training workshop held at the North Sea Centre, Hirtshals, 
Denmark, in August 1998. The workshop had a total of 31 participants and 3 resource persons. The 
participants came from 19 countries, including 10 in West Africa. All seven West African and nine 
European partners of the INCO-DC Concerted Action were represented at the workshop, as were a 
number of other organizations participating through other funding. 

A fourth workshop of the Concerted Action was held during 30 November to 5 December 1998, at 
Instituto Oceanográfico, Universidade de São Paulo (IOUSP), São Paulo, Brazil, with twenty-five 
participants from 15 institutions. Most participated at the cost of their respective organizations, and 
only the costs for nine representatives for partner institutions were covered through the Concerted 
Action. The workshop was conducted in Portuguese, Spanish and English, and a total of thirteen 
models was prepared or improved as a result of the workshop.  

A preparatory one-week Ecopath training course was organized and conducted by IOUSP for 11 
Brazilian participants representing 8 institutions in the week prior to the INCO-DC Workshop. The 
INCO-DC Concerted Action partly funded the preparatory course while most participants were 
covered from other sources. 

During the two years from the fourth workshop ended in São Paulo, Brazil on 5th of December 1998 
to the international conference started on 4th of December 2000, the emphasis of the Concerted Action 
was on cooperation, further development of the ecosystem modelling activities, and preparations for 
the final conference. The following section gives an overview of some of the outcome from the 
Concerted Action, with an emphasis on the modelling activities and how they have been reported. 
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The following list gives an overview of the preliminary ecosystem models that were initiated or 
improved in connection with the ecosystem modelling workshops conducted as part of the INCO-DC 
Concerted Action ‘Placing Fisheries in their Ecosystem Context’. The list includes an incomplete 
overview of related, subsequent publications by the participants. Abstracts of the model 
representations are available at www.ecopath.org. 

It should be noted that the Concerted Action has operated through voluntary cooperation, and that the 
support to the activities mainly has been through guidance, where experienced modellers associated 
with the CA, has helped or assisted less experienced partner, newer to the field. Further, the 
Concerted Action has facilitated and partly funded editing of a number of manuscripts prior to their 
submission to international journals.   

Cape Town Workshop, December 1  

Cape Town Workshop, December 1997 

1) Modelling the Northern Benguela Ecosystem; Sheila Heymans. (Heymans and Baird 2000a) 

2) Modelling the Southern Benguela Ecosystem; Lynne Shannon, Larry Hutchings, Rob Crawford. 
(Jarre-Teichmann et al. 1998, Shannon and Jarre-Teichmann 1999, Shannon et al. 2000) 

3) Modelling the Southern Benguela ecosystem in the 1950s; Rob Crawford, Larry Hutchings, Hans 
Verheye, Lynne Shannon. 

4) A model of the southern Agulhas Bank in summer; Anthony Richardson, Mark Gibbons, Hans 
Verheye, Sarah Wolmsley, Larry Hutchings, and Philippe Cury. 

5) Modelling energy flows on the stony reefs of KwaZulu Natal; Veronica Toral and Coleen 
Moloney. (Toral-Granda 1998, Toral-Granda et al. 1999).  

6) Energy flow budgets of a Kelp bed ecosystem; John Field. (Subsequently defined as a M.Sc. topic 
for a student of Prof. Field) 

7) Comparing Network and Ecopath outputs Dan Baird, Deo Winter, Sheila Heymans, Joseph Sara. 
(Heymans and Baird 2000b) 

Costa Rica Workshop, April 1998 

8) Model of the penaeid shrimp grounds, Campeche, Southwest Gulf of Mexico; Sherry 
Manickchand-Heileman.  (Manickchand-Heileman et al. 1998b, Arreguín-Sánchez 2002) 

9) Preliminary trophic model of coral reef systems from the Mexican Caribbean; S. Díaz-Ruiz, E. 
Barba-Macías & M. A. Salcedo-Meza.  

10) Discovery Bay, Jamaica; John L. Munro, Karl A. Aiken and Gale Persaud. (Multiple publications 
in prep.)  

11) Galápagos central shelf model; Günther Reck and Rodrigo H. Bustamante. 

12) A preliminary trophic model of the outer zone of the Gulf of Nicoya, Costa Rica; Anne van Dam, 
Luis Sierra, Fernando Aguilar, Kherson Ruiz and Huberth Araya. 

13) Modeling the ecotrophic system in the inner part of Golfo de Nicoya, Pacific Coast, Costa Rica; 
Tito Marin Aldave, José Palacios, Jorge Rodríguez and Anne van Dam. 

14) Preliminary modelling approach on the bycatch of soft-bottom benthic systems, Gulf of 
California, Mexico; Raúl Hernando López-Peralta, Carlos Alberto Trujillo-Arcila and Nayibe  
Madrid-Cortes. 
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15) Analysis of management of introduced and native pescado blanco in the Huyamilpas Lake, 
Mexico, based on food web information; Miguel Angel Salcedo-Meza, Silvia Diaz-Ruiz and 
Everardo Barba-Macias.  

16) A preliminary trophic model of Huizache-Caimanero, a coastal lagoon in Pacific Mexico; Manuel 
Zetina-Rejón, Rodrigo Moncayo Estrada, and Olga I. Palomino Ramírez 

17) Trophic model of a hypersaline lagoon: Laguna Madre, Tamaulipas, Mexico; Barba-Macias, E.; 
S., Diaz-Ruiz and M. A. Salcedo-Meza. 

18) Trophic interactions and biomass flow in the Gulf of Paria, North-eastern South America between 
Trinidad and Venezuela; Sherry Manickchand-Heileman, Jeremy Mendoza, Amoy Lum - Kong, 
Freddy Arocha and Xiomara Chin. 

19) A preliminary trophic model of the coast of Tamaulipas and north Veracruz, Gulf of Mexico; 
Olga I. Palomino Ramírez, Rodrigo Moncayo Estrada, Manuel Zetina-Rejón. 

20) Preliminary analysis of a trophic model of Laguna de Zacapu, Michoacan, using the Ecopath with 
Ecosim program. Rodrigo Moncayo Estrada, Manuel Zetina-Rejón, and Olga I. Palomino 
Ramírez. 

21) Gulf of Mexico ecosystem modeling, Francisco Arreguín-Sánchez and Sherry Manickchand-
Heileman. (Arreguin-Sanchez and Manickchand-Heileman 1998, Arreguin-Sanchez 2000, 
Manickchand-Heileman et al. 1998a)  

Hirtshals Workshop, August 1999 

22) A trophic model of Lac Nokoue - a lagoon in Benin, West Africa. Emile Didier Fiogbe, Benin, 
and Hanna Stokholm, Denmark.  

23) Coastal marine fisheries ecosystem model of Cameroon. Theodore Djama, Cameroon  

24) Trophic model of the Cape Verde continental shelf. Anibal Medina, Cape Verde, Kim Stobberup, 
Portugal, and Teresa Paula Barros, Cape Verde. (Ramos et al. 2001)  

25) Spatial trophic mass balance model of a coral reef ecosystem, Tiahura Sector, Moorea Island, 
French Polynesia. J.E. Arias-González, A. Lo-Yat, V. Dufour, and R. Galzin, France. (Arias-
Gonzalez et al. 1997, Arias-Gonzalez 1998, Arias-Gonzalez et al. 1998) 

26) An ecosystem model of the continental shelf of Ghana. John Blay and Kobina Yankson, Ghana.  

27) Trophic modeling of the Guinean EEZ marine environment. Samba T. Diallo and M. Oury Diallo, 
Guinea. (Diallo and Guénette 2001) 

28) A Dynamic Simulation of a Mediterranean Lagoon Ecosystem. R. Ceccarelli and C. Pianese, 
Italy.  

29) Bay of Revellata, Corsica. Assessing the importance of planktivorous fishes to the functioning of 
the Mediterranean rocky sublittoral ecosystem. J.K. Pinnegar & N.V.C. Polunin, U.K.  

30) Bonny Estuary Ecosystem, Niger Delta, C.O. Dublin-Green, Nigeria  

31) Ecopath model for the Barents Sea. Torstein Pedersen, Are Dommasnes, and Gabriella Bianchi. 
(Dommasnes et al. 2002) 

32) Trophic model of the estuary of the River Saloum. Birane Samb, Senegal.  

33) A trophic model of the Senegambian upwelling ecosystem. Taib Dioub and Birane Samb, Senegal 
and Asberr Mendy, The Gambia. (Mendy 2001) 
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34) A trophic ecosystem model of the marine resources of the Sierra Leone shelf. P.A.T. Showers, 
Sierra Leone, and J.M. Vakily, Philippines. 

35) Southern Benguela ecosystem. Lynne Shannon, South Africa. (Shannon 2001, 2002)  

36) Impact of the artisanal fishery on neritic waters of oceanic islands (Canary Islands). José Juan 
Castro & Teresa Moreno, Gran Canaria, Spain.  

37) Trophic structure of the Maspalomas Lagoon, (Gran Canaria, Canary Islands), after collapse and 
recolonization processes. Teresa Moreno and José Juan Castro, Gran Canaria, Spain. (Moreno and 
Castro 1998) 

38) Cantabrian Shelf ecosystem. I. Olaso and F. Sánchez, Spain.  

39) Trophic models of high latitude ecosystems with strong seasonality in food input. Thomas Brey, 
Germany. 

São Paulo Workshop, December 1998 

40) Trophic modelling as a tool to evaluate fisheries impacts on the coastal ecosystem of the South 
Shetland Island, Antarctica; Gonzalo R. Olivares  

41) Alternative policies for managing the fisheries of San Matias Gulf, Argentina: a preliminary 
exploration using Ecopath with Ecosim; Mario Lasta & Marcelo Pájaro (Fernanda et al. 2002)  

42) An ecosystem model of the Itaipu-Piratininga lagoon, Southern coast of Brazil; Maria Helena 
Carvalho da Silva 

43) A trophic model of the Caeté estuary mangrove ecosystem, Bragança, Brazil; Manuel Contreras 
and Victoria Isaac. (Wolff et al. 2000) 

44) A trophodynamic model of the fringing reefs of the Abrolhos archipelago, Bahia State, Brazil. 
Marcelo Dantas Telles & Eduardo Teixeira da Silva. (Silva 1998, Telles 1998) 

45) Description of a stream ecosystem in Parana State, Brazil using Ecopath; Abes, S. S. and A. A. 
Agostinho  

46) Ecological modeling of the upwelling system in the Cabo Frio region, Brazil; Eduardo Tavares 
Paes and Flavio da Costa Fernandes 

47) Modeling the trophic dynamics of Restinga da Marambaia sandy beach (Rio de Janeiro, Brazil) 
using Ecopath; Veloso, Valeria G. and M. Josefina R. Kurtz 

48) Quantitative model of the trophic interactions in the Southeastern Brazilian Bight, as a starting 
point for the analysis of fisheries; Maria de los Angeles Gasalla, Maria Cristina Cergole and Luiz 
Arnaud Britto de Castro. Maria Gasalla holds an ISF Grant for continued Ecopath work 

49) The Corumbá river ecosystem (Goiás State, Brazil), before and after impoundment; Benedito-
Cecilio, E., E.A. Reis et al. 

50) Trophic modelling of the shelf system from the northern São Paulo State, Brazil; Gecely 
Rodrigues Rocha, Ana Maria S. Pires-Vanin, Lucy S.H. Soares and Elizabeti Y. Muto. (Rocha 
1998, Rocha et al. 1998) 

51) A trophic mass-balance model of the continental shelf ecosystem off Central Chile. Hugo 
Arancibia and Sergio Neira.  

52) Preliminary ecotrophic model of the shrimp fishery area in Tumbes, Northern Peru. Teresa Jeri  
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Galápagos Conference, December 2000 

53) Application of Ecosim to investigate impact of lobster fishery on endangered monk seals in 
Hawaii; Jeffrey Polovina, Frank Parrish, and Evan Howell. (Polovina, this vol.) 

54) Impact of fishing harvesting polices on the ecosystem structure of Huizache-Caimanero lagoon, 
Mexico; Manuel J. Zetina-Rejón and Francisco Arreguín-Sánchez. (Zetina-Rejón et al., this vol., 
Zetina-Rejón et al., in review). 

55) Ecosystem based fisheries management: Modelling the effects of policy variations in a temperate 
marine ecosystem of the Northeast Atlantic; Dirk Zeller and Jakup Reinert. (Zeller and Reinert, 
this vol., Zeller and Reinert, in review).  

56) An analysis of the artisanal fisheries in the ecosystem of La Paz Bay, Baja California Sur, 
Mexico; Francisco Arreguín-Sánchez, Agustín Herrera, Mauricio Ramírez-Rodríguez, and 
Horacio Pérez-España. (Arreguín-Sánchez et al., this vol., Arreguín-Sánchez and Calderón-
Aguilera 2002, Arreguín-Sánchez et al. , in review).  

57) Cantabrian Sea ecosystem model as a fisheries resources management tool; Francisco Sánchez 
and Ignacio Olaso. (Sánchez and Olaso, this vol., Sánchez and Olaso, in review). 

58) Simulated responses to harvesting strategies of an exploited ecosystem in the southwestern Gulf 
of Mexico; Francisco Arreguín-Sánchez, Sherry Manickchand-Heileman and Manuel Zetina. 
(Arreguín-Sánchez et al., this vol., Arreguín-Sánchez et al., in review)  

59) Interactive effects of climate variability and fishing: A modeling analysis for the eastern tropical 
Pacific pelagic ecosystem; Olson, R.J., G. M. Watters, K. Y. Aydin, C. H. Boggs, T. E. Essington, 
R. C. Francis, J. F. Kitchell, J. J. Polovina, and C. J. Walters.  (Olson et al., this vol.) 

60) Study of the impacts of bottom trawling on the ecosystem of the Gulf of Paria, based on mass-
balance trophic models constructed using historical and current data; Sherry Manickchand-
Heileman, Jeremy Mendoza, Amoy Lum Kong and Freddy Arocha. (Manickchand-Heileman et 
al., this vol., Manickchand-Heileman et al., in review) 

61) The contribution of ecosystem analysis to investigating the effects of changes in fishing strategies 
in the South Brazil Bight coastal ecosystem; M.A. Gasalla and C.L.D.B. Rossi-Wongtschowski.  
(Gasalla and Rossi-Wongtschowski, this vol., Gasalla and Rossi-Wongtschowski, in review).    

62) Predicting indirect effects of fishing in Mediterranean rocky littoral communities using a dynamic 
simulation model; J. Pinnegar and N. Polunin. (Pinnegar and Polunin, this vol., Pinnegar 2000,  
Pinnegar and Polunin, in review).  

63) Ecopath with Ecosim: an overview (Christensen and Walters, this vol., Christensen and Walters, 
in review) 

64) A comparative analysis of the North Sea based on Ecopath with Ecosim and Multispecies Virtual 
Population Analysis. Christensen, V., J.E. Beyer, H. Gislason and M. Vinter. (Christensen et al. 
this vol.) 

65) Analysis of trophic interactions and of the marine ecosystem structure off Central Chile (33ºS-
39ºS), in the years 1992 and 1998; Sergio Neira, Hugo Arancibia & Luis Cubillos.  (Neira et al. 
this vol., Neira et al., in review)  

66) Seasonal dynamics of Ubatuba continental shelf system through mass-balance trophic models; 
Rocha, G. R. A., Rossi-Wongtschowski, C. L. D. B., Pires-Vanin, A. M. S. & Soares, L. S. H. 
(Rocha et al., this vol.)  
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67) Long-term analysis of the trophic level of the fisheries in Central Chile (33ºS-39ºS), and their 
impact on the most important fishery resources; Hugo Arancibia & Sergio Neira. (Arancibia and 
Neira, this vol., Arancibia and Neira, submitted).  

68) The comparative analysis of trophic network to explore the environmental management effects in 
a shallow water basin; Brando, V.E., Ceccarelli R., Libralato S., and Ravagnan G. (Brando et al., 
this vol., Pranovi et al., Libralato et al. in review, Brando et al., in review)  

69) Trophic structure of the Maspalomas Lagoon (Gran Canaria, Canary Islands) before collapse and 
after a new settlement process; Teresa Moreno & José Juan Castro. (Moreno and Castro, this vol., 
Moreno and Castro, in review)  

70) Ecosystem states and causes of change in the southern Benguela upwelling ecosystem; C. 
Moloney and L. Shannon. (Shannon et al., this vol., Shannon et al., MS, Shannon et al., in review)  

71) A balanced trophic model of a Galápagos subtidal rocky reef for evaluating zone-based fisheries 
and conservation policies; Thomas A. Okey, Stuart Banks, Rodrigo Bustamante, Mónica 
Calvopiña, Graham Edgar, José Miguel Fariña, Lauren E. Garske, Günther K. Reck, Sandie 
Salazar, Scoresby Shepherd, Petra Wallem, Abraham F. Born and Eduardo Espinoza. (Okey et al. 
this vol.)  

72) Fishery-mediated trophic role of small pelagic fish in a tropical marine ecosystem; Luis O. Duarte 
and Camilo B. García. (Duarte and García, this vol.) (Duarte and García) (Duarte and García 
2002)  

73) Contributions to the study of trophic relationships in the southern neritic region of the Colombian 
Pacific; Carlos E. Fernandez (Fernandez, this vol.) 

74) Trophic flows in a tropical coastal ecosystem: the southern Pacific Ocean of Colombia; Raúl 
Hernando López Peralta and Carlos Alberto Trujillo Arcila. (López Peralta and Trujillo Arcila, 
this vol.) 

75) Trophic structure as an ecological tool for assessing coral reef ecosystems; J. Ernesto Arias-
González, Enrique Nuñez-Lara, Carlos González-Salas and René Galzin (Arias-González et al., 
this vol., Arias-González et al., in review)  

76) Simulating community effects of sea floor shading by plankton blooms over the West Florida 
shelf; Thomas A. Okey, Gabriel A. Vargo, Steven Mackinson, Marcelo Vasconcellos, Behzad 
Mahmoudi and Cynthia A. Meyer. (Okey et al., this vol., Okey et al., in review)  

77) The northern Benguela ecosystem: changes over three decades: 1970s, 1980s and 1990s; Johanna 
J. Heymans, Lynne J. Shannon and Astrid Jarre. (Heymans et al., this vol., Heymans et al., in 
review)  

78) Structure and dynamics of the marine fisheries off Cameroon ; Theodore Djama. (Djama, this vol.) 

79) A Tropic Ecosystem Model of a West African Shelf, Sierra Leone; Percival A.T. Showers 
(Showers, this vol.) 

80) Trophic modelling of the Senegal-Gambian upwelling system; Taib Diouf, Birane Samb and 
Asberr Mendy. (Diouf et al., this vol., Samb and Mendy 2001) 

81) An Ecopath model of the southeastern Spain Mediterranean; Sonia Rodríguez-Ruiz and José Luis 
Sánchez-Lizaso. (Rodríguez-Ruiz and Sánchez-Lizaso, this vol.) 

 

For the majority of the presentations at the Galápagos Conference scientific descriptions have been 
prepared and submitted to Ecological Modelling for consideration in a special issue of this 
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international journal. The manuscripts were under review at the time of publication of the present 
report. 

Outlook 

The ACP-EU Concerted Action on placing fisheries in their ecosystem context is closing down, but 
the cooperation that has been its reason for being is still in place. Initial contacts were established 
prior to the start of the Concerted Action, they have been strengthened by it, and will continue through 
an array of mechanisms and vehicles of opportunity. Centrally placed among these will be initiatives 
associated with the ACP-EU Fisheries Research Initiative, notably in connection with the FIAS/SIAP 
project (see http://europa.eu.int/comm/development/publicat/fish/099928.pdf).  

What is probably the most significant result of the ACP-EU Concerted Action is that ecosystem 
modelling has been introduced to a large number of the ACP-EU countries, as well as to countries in 
the European Union. For many of the participating institutions it was the first time that they embarked 
on this challenging task, and in conclusion we dare offer that the activity has indeed had a 
contribution to offer toward the tasks set forth by the Kyoto conference on Sustainable Contribution 
of Fisheries to Food Security.  
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Placing fisheries in their ecosystem context: a challenge for the Galápagos  
 
Günther K. Reck and Rodrigo H. Bustamante (Universidad San Francisco de 
Quito; CSIRO Marine Research) 

When, nearly 30 years ago, the first steps for protecting the Galápagos marine environment were 
taken, these were seen mainly as complementary measures to protect the unique terrestrial 
ecosystems. The steps were intended to assure a legal status for an area important as feeding grounds 
for seabirds, sea lions and strange reptiles, but hardly under serious fishing pressure at the local level. 
About 100 fishermen out of a population of ca. 5,000 people were using the costal resources of the 
islands, distributed over an area larger than 100,000 km2 (Reck, 1983).  There were increasing 
concerns however, about the impacts of industrial tuna fishing, in particularly by the remote-operated 
Asian long liners and a small part of the Ecuadorian purse-seine fleet. Yet, by far the bigger concern 
was the rapid growth of the tourist industry, mainly due to its land-based impacts such as coastal 
development, pollution, migrations, and introduction of alien species.   

The strategies for marine protection at that time were modest.  If a narrow coastal fringe of 2 nautical 
miles was included into the existing National Park (~97% of the island’s surface), and if the local 
small scale fishery were to be prohibited in only 4 % of the coastal area, considered to host most of 
the archipelago’s marine diversity, a reasonable protection could be expected for Galápagos coastal 
ecosystems (Wellington, 1975). 

A marine survey and literature review carried out in the 1970’s quickly provided strong arguments for 
the need of marine protection; i.e., the island’s coastal communities were highly diverse, faunal 
compositions changed between island groups, and endemism among fish and the most notable marine 
invertebrate and macroalgae groups were very high (Wellington, 1975). The high variability of the 
island’s marine biodiversity is probably a function of a highly complex oceanographic setting 
(Houvenaghel 1984). Here, in the equatorial eastern Pacific, cold water from the south and west and 
warm influxes from the north, interacting in a highly dynamic environment, and acting over an 
evolutionary time period, have produced several discrete biogeographic zones that are separated by 
very short geographical distances (Abbot 1966, Harris 1969, Glynn and Wellington 1984, Reck, 1986; 
Bustamante et al. 2000, Wellington et al. 2001, Bustamante et al. 2002).   

The very strong ENSO event 1982/83 brought considerable international attention due to the radical 
change to the Galápagos’s marine ecosystems. A fucoid algae, which so far had dominated much of 
the lower intertidal, disappeared completely. High mortality of seabirds was documented for the first 
time in detail. Populations of Galápagos penguins and flightless cormorants, although small, came 
close to limits of population viability. Temperate water species became rare, whereas immigrants 
from the western tropical Pacific became suddenly common.  Hermatypic corals nearly went extinct 
and took a long time to barely recover. The fragility and variability of coastal ecosystems became 
apparent and we really started to worry about effects of future El Niño events, if increased fishing 
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pressures would accompany natural environmental stress (Robinson and Del Pino, 1985; Glynn, 1988, 
1990;) 

In 1986, the first Marine Reserve in Ecuador was declared. At that time, tourism had already grown 
considerably and as consequence the local population increase was above 7 % per year (McFarland 
and Cifuentes, 1996). Among the new arrivals, a new group of fishers build up rapidly, dedicated to 
catch spiny lobsters, continuing the tradition of grouper fishing, but already finding additional income 
in shark fining. The first management plan for this 70,000 km2 Marine Reserve in 1992 coincided 
with the quick establishment of a clandestine sea cucumber fishery, which was going to aversively 
impact the management and conservation of Galápagos marine ecosystem for a long time to come. 
Sea cucumbers had been discovered to be extremely abundant, easy to collect, very much in demand, 
and highly priced in the Asian markets. Suddenly fishing became attractive for people who never 
before fished, quickly enriching local traders and in particular newcomers and young fishers. Between 
1992 and 1994, tens of millions of sea cucumbers were extracted within the few months of the fishing 
seasons.  The sudden boom of this new and unregulated fishing brought an explosion of civil unrests 
when National Park and fisheries authorities closed the sea cucumber fishing in 1994. At the same 
time, the sudden riches of Galápagos marine resources brought increasing interests and pressures for 
further fishing from continental groups associated to fresh fish and canned tuna exports. 

Management and conservation workshops carried out during 1994 and 1996, for the first time with 
considerable participation of all actors and significant representation of the fishing community, 
demonstrated the high level of social tension and conflicts that existed as consequence of the of the 
high economic expectation of the fishing communities, both local and national. They also reflected an 
increased interest among the more traditional and older fishers for better management, protection of 
their interests versus industrial fishing pressures through consolidation of the marine reserve, and 
development of alternative fisheries or employment opportunities. However, for those who had lived 
through those years of fishing bonanza - initially illegal then legalized by forcedly ‘acquired rights’ – 
never wanted to return to more modest and probably sustainable income levels, and whatever 
alternatives would be created had at least to be close to the profitability of the sea cucumber ‘gold 
rush’, where divers were able to get up to USD$ 4,000 per day (Bustamante et al., unpublished data).  
The downside of this bonanza was that investment credits had to be paid and the new living standard 
maintained when the stock were rapidly declining. Public authority was openly challenged, mostly 
with success, and scientists and conservationists were considered to be misanthropic alarmists without 
feelings for human needs. As a consequence, scientific data were regarded with suspicion. 

One positive outcome of this period was the growing national and international attention towards the 
Galápagos marine ecosystems and the Marine Reserve. Funding was secured to start a fishery 
database and daily monitoring system, organized basically by the Charles Darwin Research Station 
(CDRS). Since then, the fisheries research has grown into intensive monitoring program that has been 
improving continuously over the years. Ecuador wanted the marine area included into the World 
Heritage status already attributed many years before to the terrestrial park. To fulfil the conditions for 
this declaration, use of the marine area had to be brought under control and adequate legal and 
administrative measures had to be put in force. However, because of the notorious social unrest and 
violence associated with fisheries and fear for serious conservation threats deriving from this, the 
World Heritage was about to be included in the Heritage in Danger list, which the government did not 
find acceptable. 

During 1997 two originally independent processes converged and eventually became closely 
intertwined: 

1. In order to avoid the inclusion of Galápagos into the World Heritage in Danger List, the 
government declared, by decree, conservation of the islands a national priority and 
accelerated the elaboration of a special law to cover all development and conservation issues. 
Most important in this process, for all of us who participated from close by, was the 
integration of the Galápagos community through the regional authorities and major 
stakeholders. Probably for the first time, a law was elaborated in such a participatory fashion.  
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Surprisingly, a broad consensus could be reached, accepting major conservation principles, 
concerning biological diversity on all levels and evolutionary processes. Particularly 
important for Galápagos, were the recognition explicitly of the precautionary principle and 
specific definition of sustainable development for the islands. All uses, extractive and non-
extractive, and human development in general, have to be compatible with those principles. 

2. At the local level, it was possible to bring together for the first time conservationists, fishers, 
managers and the local tourism representatives to work on an integral review of the 
management plan for the marine reserve. The previous management plan of 1992 in reality 
never had been consulted with local stakeholders: this time those errors had to be avoided. A 
first consensus of this core group asked for an extension of the limits of the reserve to 40 
nautical miles off the baseline, excluding all large-scale industrial fishing and offering the 
possibility for deep-water fishing opportunities to the local fishers. At the same time, 
management was to be transferred to the National Park Service, as a single local strong 
institution, and the overall marine management had to be highly participative and consultative 
through specific administrative bodies, dedicated to guarantee stakeholder involvement 
(McDonald, 1997; Heylings and Cruz, 1998).  

The incorporation of most of those demands into the new special law for Galápagos brought ample 
support from the local population, and was one of the forces to bring the spirit of the new law through 
many obstacles, to be finally approved in 1998.  Since then, several significant advances in natural 
resource management and conservation have being achieved; (1) the overall legal and administrative 
framework for marine and coastal ecosystems management and conservation, (2) the limiting of 
fishing to only small-scale or artisanal level, (3) the institutionalized participatory management 
system, (4) the increasing value and use of scientific information in the participatory decision-making 
processes, (5) the consensus-based designation of nearly 20% of its coastline as No-Take Areas in a 
provisional zoning scheme, and (6) as consequence of the above, the recent declaration of the 
Galápagos Marine Reserve (GMR) as a World Heritage Site. 

Despite such and exemplary new legal framework, the problems, conflicts and even eventual 
outbreaks of violence in the Galápagos were not yet over. The mainland industrial fishing lobby keeps 
pressing for alterations of the law, so that their fleets once again can be admitted to fish inside the 
interior waters of the reserve. Local artisanal fishers are not totally aware of their opportunity and 
exclusive fishing right, and admitted many newcomers, hoping for further profits from sea cucumber 
and other new undefined fishing alternatives (e.g. sea urchins, sushi grade tuna, shark fins). However, 
now, a formal instrument of dialogue and conflict management exists and has survived difficult times. 
An inter-institutional management authority guarantees some coordination at the government level. 
Despite the drawbacks, fishers have improved their participation in the day-to-day fisheries 
monitoring, and pre- and post- fishery evaluations are carried out regularly together with all 
stakeholders.  

All those efforts were and are directed towards the achievement of one goal: making fisheries 
compatible with effective conservation demanded by the world public, scientists, conservationists, the 
law and last but not least, the tour operators and a large part of the local people who make their living 
based on altered ecosystems little altered by humans, such as on land. Despite being impacted by 
humans for almost two centuries, the Galápagos ecosystems still are one of most pristine oceanic 
archipelagos of the world. 

The last years have been highly dynamic in the Galápagos, several years of detailed ecological 
understanding and fisheries data have accumulated.  As a consequence, the CDRS has grown out of 
the status of a small field marine station, now dedicating much of its effort to the growth and 
maintenance of the marine department to keep up with all the demands for fishery management and 
biodiversity conservation. Thanks to the INCO-DC project and as results of the international 
conference “Placing Fisheries in their Ecosystem Context” a significant step has been taken to make 
use and synthesis of the existent data on the Galápagos marine ecosystem,. This has allowed for first 
time to frame the fisheries, social, and ecological studies into the broad context of ecosystem research 
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and management.  The use of the Ecopath suite of ecosystem modeling software has opened new 
horizons for describing and evaluating, in a structured manner, the marine ecosystems of the 
archipelago of Galápagos.  Now we are able to incorporate the existing ecological, socioeconomic, 
and fisheries information into the general planning of conservation and research, allowing at the same 
time the evaluation of the impacts and consequences on the marine ecosystem of the current 
management and conservation practices. This has been a giant step into the coordination and 
integration of data and researchers across different countries and disciplines and we expect that this 
will eventually constitute a powerful set of tools to support the decision – making processes for 
fisheries managers and authorities. Participating in this project has led to the development of an initial 
working model that can be used to create plausible scenarios and outcomes (see Okey et al., this vol.). 
We are faced now with the challenge of improving the data quality, its extent, test the models over a 
broader range of management options, and furthermore, to incorporate the oceanographic diversity 
and climatic instability that constitute one of the key features of the Galápagos marine ecosystems. 
Another challenge will be to make those powerful management tools transparent and credible to 
fishers and government, and transform them into instruments of highly participatory and adaptive 
management.  

We, the Charles Darwin Station, together with Universidad San Francisco de Quito, and a number of 
collaborators, are proud and happy to have been able to host this conference, exposing the participants 
to such a unique environment, one of the largest marine reserves in the world, where conservation is a 
major goal, but fishery must be maintained and managed in a compatible way: in its ecosystem 
context. 
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Darwin’s Fishes: the writing of a lost book  
 
Daniel Pauly (UBC) 

Charles Darwin, (1809-1882), as we all know, wrote numerous books on particular groups of 
organisms: barnacles, orchids, earthworms – but never on fishes. Hence the subtitle of this brief 
account, which describes how I have assembled a book, titled “Darwin’s Fishes: An Encyclopedia of 
Ichthyology, Ecology and Evolution” out of scattered quotes ‘lost’ in the many works of Darwin. The 
book covers two areas dear to the staff and friends of the Charles Darwin Research Station, (i.e., 
Darwin and fishes, of course), and hence the decision to ‘launch’ it during the conference documented 
in this report. The conference provided an excellent forum for presenting the near-complete draft, and 
to receive feedback from the participants, notably from the scientist of the CDRS.   

“Darwin’s Fishes” documents everything ever written by Charles Darwin on fishes and closely related 
groups. This is done in form of entries that are arranged alphabetically and structured around taxa, 
e.g., ‘parrotfishes’ (see below), scientists, e.g., ‘Weber’ (he of the ossicles), or concepts, e.g., ‘sexual 
selection,’ in this case one coined by Darwin, and illustrated with many fish examples.  

Entries were extracted from Darwin’s books, his short publications, his notebooks (Barret at al. 1987), 
and that part of his complete correspondence now published (Vol. 1-12, 1821-1864; see Burkardt et 
al. 1985). An appendix by Jacqueline McGlade presents Darwin’s list of “Fishes in Spirits of Wine,” 
so far unpublished, while two other appendices present Darwin’s fishes the Natural History (London) 
and Zoology (Cambridge University) museums. The text extracted from Darwin’s works (in italics) 
was matched against his sources, and then complemented by entries, which provide a modern context 
for the ideas discussed by Darwin. Most of the resulting alphabetic entries thus consist of three layers: 

• A Darwin quote (with exact source); 
• Exact identification and verification of Darwin’s source(s); 
• Comments on the Darwin quote, based on contemporary knowledge of the issue the quote 

dealt with. 
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Another form of layering results from Darwin writing on the same topics in different form, i.e., as: 

• Private jottings, e.g., in annotations to his books (Di Gregorio and Gill 1990) and in his 
notebooks (Barrett et al. 1987); 

• Personal correspondence (7,000 letters, mostly to scientific friends and collaborators, cited 
below as ‘Corresp.’; and 

• Public statements (in nearly 200 short papers [Barret 1977], and 29 books [the exact numbers 
depends on how you count], a few cited below with their titles in italics [Barret and Freeman 
1989]). 

Overall, quotes comprising about 45,000 words were extracted, contributing over one third of this 
book. Given the extent of Darwin’s writing (well over six million words), this indicates a limited 
interest in fishes. However, the sample of 0.7 % of Darwin’s lifetime written output analyzed here 
allows the drawing of a number of inferences, some quantitative, that are missed in many 
conventional biographies. Examples are the high accuracy of Darwin’s citations of his sources 
(documented in great detail in my book), his mining for and systematic re-publication of information 
relevant to Natural selection, and the high success rate of his many hypotheses. 

I defined ‘Darwin’s Fishes’ as:  

1. Species which he collected as specimens during the voyage of H.M.S. Beagle (1831-1836); 
2. Species he wrote about informally, e.g., in his correspondence, or formally, e.g., in books 

such as ‘Descent of Man’ or ‘Variations of Species’, or in his Journal (of the Beagle voyage); 
and  

3. Species named after Darwin, e.g., Semicossyphus darwini (which also happens to be a species 
he sampled in the Galápagos. 

Here is an example of a ‘fishy’ quote by Darwin, pertaining to parrotfishes in Cocos (Keeling) Islands 
during the voyage of the Beagle, and how I followed up on it:  

 “[T]here are here two species of fish, of the genus Sparus, which exclusively feed on coral. 
Both are coloured of a splendid bluish-green, one living invariably in the lagoon, and the 
other amongst the outer breakers. Mr Liesk assured us that he had repeatedly seen whole 
shoals grazing with their strong bony jaws on the tops of the coral branches. I opened the 
intestines of several, and found them distended with a yellowish calcareous matter. These 
fish, together with the lithophagous shells and nereidous animals, which perforate every 
block of dead coral, must be very efficient agents in producing the finest kind of mud, and 
this, when derived from such materials, appears to be the same with chalk.” (Journal, April 6, 
1836). 

In a paper presented before the Geological Society of London on Nov. 1, 1837, Darwin had suggested 
that,  

“In recent coral formations, the quantity of stone converted into the most impalpable mud, by 
the excavations of boring shells and of nereidous animals, is very great. Numerous large 
fishes (of the genus Sparus) likewise subsist by browsing on the living branches of coral.  
[…A] large portion of the chalk of Europe was produced from coral, by the digestive action 
of marine animals, in the same manner as mould has been prepared by the earthworm on 
disintegrated rock.” (see Barrett, 1977, Vol. I, p. 53, Note 4).  

This was neatly rephrased by Elizabeth Wedgwood as  

“your hypothesis of chalk being made by fishes — if fish made Chalk Hill I don’t see why 
worms may not make a meadow” (Corresp., Nov. 10, 1837). 

However, William Buckland, in his referee’s report to the Geological Society of London, to which 
Darwin’s paper had been submitted for publication, recommended  
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“that the Author be advised to withdraw the passage relating to the origin of Chalk - as 
introducing very disputable matter into a paper that is otherwise unexceptionable” (Corresp., 
March 9, 1838). 

Though he saw Buckland as “a vulgar and almost coarse man” (Autobiography, p. 102), Darwin had 
no option but to drop this hypothesis from the published version of his talk (Darwin 1840). It was a 
good idea, as the mighty layer of chalk sediments of the Cretaceous (135 to 70 millions year ago) 
consists almost exclusively of foraminiferans shells. However, Darwin left this bit in the first (though 
not the second) edition of the Journal (April 6, 1836). 

The other error to be noted here is that the fish in question should be parrotfishes (Scarus), not porgies 
(Sparus), an error also popping up elsewhere. 

… And so it goes, for hundreds of quotes. You have to like fishes, or be interested in Darwin 
(preferably both) to find this exciting. But it was fun tracking all this stuff down, and writing it up.  
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Ecosystem-based management of fisheries 

 

Application of Ecosim to investigate the impact of the lobster fishery on 
endangered monk seals in Hawaii  
 
Jeffrey Polovina (NMFS) 

 
In the late 1980s, the population of endangered monk seals in the northwestern Hawaiian Islands 
(NWHI) declined sharply to about 50% of its early 1980 level. Biologists studying this decline cited 
monk seal pup mortality resulting from an apparent lack of prey as one of the factors responsible for 
this decline. In the beginning of the 1980s, a trap fishery for slipper and spiny lobsters developed and 
by the late 1980s the lobster population was reduced by at least 50%. An Ecopath model for French 
Frigate Shoals (NWHI) had been developed in the early 1980s and this was updated with new 
estimates of the biomass of various reef fish groups. An Ecosim model was then developed from the 
Ecopath model and used to investigate the dynamics of the NWHI coral reef ecosystem, with 
particular attention to explaining the decline in monk seals. 

One simulation used fishing to reduce the population of lobsters tuning the time series of fishing 
mortality so the model-estimated lobster biomass would match the fishery catch-per-unit-of-effort 
time series. The fraction of lobster in the diet of monk seals is not well known so several simulations 
were run covering a reasonable range. These simulations found that unless lobsters comprised at least 
30% of the monk seal diet, the decline observed in the fishery could not fully account for the monk 
seal population decline.  

A second simulation was done to examine whether a decline in benthic or oceanic primary 
productivity could have accounted for the decline in monk seals. This was approximated in the model 
with a forcing function that varied either benthic algae or phytoplankton by 50%. The results showed 
that a 50% change in phytoplankton had minimal impact on the biomass of most the species. 
However, virtually all the species groups varied substantially as a function of benthic algae biomass, 
generally exhibiting a positive correlation. Thus, the carrying capacity of NWHI coral reef is very 
responsive to the benthic food web that links benthic algae to all the small worms, molluscs, and 
crustaceans in the benthic community (heterotrophic benthos) and ultimately to various reef fishes, 
sharks, and monk seals. The model suggests that a drop in benthic primary production, in response to 
climate variability, could explain the observed decline in monk seal population.  

The third simulation examined the impact of changes in the abundance of a very large population of 
jacks (Caranx ignoblis) on the ecosystem and especially the monk seals. The Ecosim model simulated 
a change in the jack population by running the model with fishing for jacks for a period of time to 
reduce the jack population by 50%, then ending fishing to allow the jack population to return to the 
original population size. Changes in the jack population re-structured the ecosystem and in particular 
there was an inverse relationship between biomass of jacks and monk seals. This relationship was due 
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the relatively large biomass of jacks and the high similarity in diet between the jacks and monk seals. 
They are competitors and the simulations suggest that a modest increase in the jack population could 
have produced the observed decline in monk seals.    

These results provide insights into how the NWHI coral reef ecosystem may respond to both fishing 
and environmental forcing and how Ecopath with Ecosim models can be used to explore various 
hypotheses regarding ecosystem dynamics. 

Exploration of harvesting strategies for the management of a Mexican 
coastal lagoon.   
 
Manuel J. Zetina-Rejón, Francisco Arreguín-Sánchez and Ernesto A. Chávez 
(IPN) 

Huizache-Caimanero is a tropical brackishwater lagoon in western Mexico with an average area of 
175 km2, decreasing to 65 km2 during the dry season. There has been an important shrimp fishery in 
the lagoon since ancient times. Four fish groups are also exploited in this ecosystem: centropomids, 
ariids, gerreids and mugilids; these are of less economic importance than the shrimp. Biomass fluxes 
among the main functional groups of the ecosystem were described by a mass-balance trophic model, 
Ecopath, and by Ecosim, which was used as the basis for simulation of harvesting strategies. The 
trophic model comprised 26 trophic groups.  

In order to find fishing rate values that optimise harvesting strategies, we used the optimisation 
searching procedure included in the Ecopath with Ecosim software. This procedure takes into account 
the maximisation of an objective function based on weighting values for ecological, economic and/or 
social criteria, i.e., the inverse of the P/B ratio for each group, net economic rent from the fisheries, 
and the ratio of jobs/landed value for each fleet, respectively. Weighting values are assigned to each 
criterion depending on the harvesting strategy to be evaluated. To optimise yields and catch values, 
changes in fishing mortality of the five exploited stocks were simulated. Simulations covering a 
period of 30 years were run. Several scenarios were tested in which fishing rates were changed to 
optimise ecological, economical and/or social criteria. The biomass response of each group in the 
ecosystem was analysed, and some indicators were compared between scenarios.  

Scenarios considering economic and social criteria produced high fishing rates that would cause the 
depletion of several groups. Optimisation of the ecological criterion would cause minor increases in 
the biomass of several groups, mainly those of higher trophic levels (TLs); shrimp biomass would 
also be positively affected. The influence of the ecological criterion is most evident when combined 
with other scenarios, resulting in a conservative annual biomass of the groups. No important changes 
would occur in the lowest TL groups. For ecological optimisation, economic and social values were 
minimised, but some increase in ecological stability also occurred when economic and social criteria 
or their combination were optimised. The most profitable scenario from the fishing point of view is 
economic optimisation, with an increment in economic value of around 20%. 

Economic and social optimisation scenarios both have a negative impact on the biomass of ariids, 
centropomids, gerreids and mugilids, which fall below half their original biomass (Bo). Optimisation 
of the ecological criterion increases the biomass of several groups, mainly top predators like 
sciaenids, elopids, lutjanids and carangids. Combining the three criteria results in less negative impact 
of economic and social optimisation on the groups caught by the finfish fleet. In all scenarios, the 
shrimp stock increases in biomass, reaching a maximum during the optimisation of the ecological 
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criterion, with a biomass greater than 2.0 Bo. Also, the shrimp stock varies more than the other groups 
in all scenarios.  

Optimisation of economic and social criteria results in an increase in fishing effort for the finfish 
fishery and a decrease for the shrimp fishery. Optimisation of the three criteria causes a reduction in 
the fishing effort to 0.92 and 0.76 times the original effort for the finfish and the shrimp fleet, 
respectively. These changes would cause a small increase in shrimp catch and in centropomids and 
ariids by the finfish fleet, while catches of gerreids and mugilids would fall. 

Evaluating spatial closures and effort restrictions in the Faroe Islands 
marine ecosystem.  
 
Dirk Zeller and Jákup Reinert (UBC and Faroese Fisheries Laboratory) 

The Faroe Islands, located in the north-eastern Atlantic Ocean, consist of a group of 18 islands 
inhabited by approximately 46,000 people and covering about 1,400 km2. Fishing accounts for over 
95% of exports and 44.5% of GDP. Both commercial and subsistence fisheries play a significant role 
in Faroese culture and society. The fisheries can be characterised as multigear and multispecies, 
targeting demersal, deep-water and pelagic species using handline, longline, gillnet, purse seine and 
various trawl gear types 

Fisheries for the major stocks are managed on a spatial- and effort-based system. Due to the 
importance of fishing to the Faroe economy and culture, and the relatively recent introduction of these 
management measures (mid-1990s), considerable interest has been expressed in the evaluation of their 
ecosystem-level effects.  

We used Ecopath with Ecosim to examine alternative management options for the Faroe Islands 
fisheries and compared these options with the status quo. Spatially explicit simulations were carried 
out using the Ecospace routine. Simulations suggest that current area closures could be considered 
beneficial in conserving major stocks of demersal species, with biomass for cod (Gadus morhua), 
haddock (Melanogrammus aeglefinus) and other demersal species increasing over the 10-year 
simulation period. Simulated removal of the closure system reduced the effect of the projected stock 
increases considerably. Greenland halibut (Reinhardtius hippoglossoides), one of the major deep-
water species, and blue whiting (Micromesistius poutassou), one of the main pelagic species, did not 
benefit from the existing spatial management because the majority of their habitat, and thus fishing 
grounds, are not only outside the present trawl-closure areas, but for a large proportion of the year 
(especially for blue whiting) are also outside the Faroe Islands model area. Thus, simulated additional 
offshore closures (all gear types) of at least 20% of habitats deeper than 200 m benefited Greenland 
halibut only. Both Greenland halibut and blue whiting stocks did benefit from drastic reductions in 
fishing effort (20-50% reductions from 1997 effort levels).  

However, considerable uncertainty underlies the basic input data (largely based on potentially hyper-
stable fisheries-dependent data), which might have major consequences for the dynamic behaviour of 
the simulations, and thus might significantly alter the outcomes. The simulations also clearly 
corroborated single-species assessment advice, which indicated that the deep-water fisheries for 
Greenland halibut and the pelagic fisheries for blue whiting are being heavily overfished.  
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Analysis of the artisanal fisheries in the ecosystem of La Paz Bay, Baja 
California Sur, Mexico.  
 
Francisco Arreguín-Sánchez, Agustín Hernández-Herrera, Mauricio 
Ramírez-Rodríguez and Horacio Pérez-España (IPN; Centro de Ecología 
Costera, Mexico) 

In La Paz Bay, two artisanal fisheries operate, one is based on hook-and-line, targeting snappers and 
groupers, and the other mainly on gillnets, targeting species such as tilefish and haemulids. A shrimp 
fishery, which is not permitted to expand, also operates on a very limited scale. The artisanal fisheries 
are suffering from a number of problems, such as increasing numbers of fishers, declining catches, 
bycatch problems with gillnets, habitat alteration from use of various gears, illegal fishing as well as 
from conflicts with other coastal zone users. 

We examined ways of improving the situation for artisanal fisheries by analysing various harvesting 
strategies using the Ecopath with Ecosim modelling software, with catch-and-effort data to fit 
simulated biomass. We focused on the highest priced target species, i.e., snappers and groupers. 
Harvesting strategies were tested against four major criteria: 1) continuation of the status quo; 2) 
optimising economic benefits in terms of net profits; 3) using maximum sustainable yield (MSY) for 
snappers and groupers; and 4) optimising social benefits, based on the job/catch value ratio, because 
artisanal fisheries are an important occupational activity and the number of fishers is increasing. 
Within these scenarios, we consider also the conservation of ecosystem structure as an ecological 
criterion.  

A previously constructed Ecopath mass-balanced model for La Paz Bay was used as the basis for 
simulations. This model has 22 functional groups: 3 for marine mammals; 10 for fish; 3 for 
macrocrustaceans, 2 for demersal invertebrates, zooplankton, and as primary producers 
phytoplankton, benthic producers and detritus.  

Based on Ecosim simulations, optimisation of current fisheries and economic and social criteria, and 
use of MSY result in depletion of some stocks and in unreasonable increases of fishing effort. The 
MSY criterion, applied to snappers and groupers, results in increased fishing mortality to lower their 
biomass to the equivalent of 50% of the virgin biomass (Bo), assuming that this value reflects the 
MSY situation. However, this strategy causes depletion of the biomass of haemulids, mojarras and 
crabs to less than 0.5 Bo. Optimisation of the economic criterion also places strong fishing pressure on 
snappers, and the biomass for haemulids, mojarras and crabs again declines below 0.5 Bo. 
Optimisation of the social criterion, that is, optimising jobs, causes depletion of five groups, including 
snappers and groupers.  

Combinations of economic-ecological, social-ecological and economic-social-ecological criteria did 
not result in stock depletion. However, some of these scenarios resulted in unrealistic choices, 
especially large increases in gillnet fishing effort.  Among the reasonable choices, a strategy of 
increasing the hook-and-line fishery effort by a factor of 1.5 and the gillnet effort by a factor of 2.8, 
appear to be potentially applicable. 

We conclude that the performance of the artisanal fisheries could be improved by adjusting the fishing 
effort of the fleets. The expectations are that their economic performance could increase by 40%; 
social performance could increase by about 50%; and ecological performance could decrease by a 
small amount (3%). We think that the ecological risk is not significant within the framework 
developed in this analysis.  
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Experiences in developing and applying time-area closures and gear 
modifications to reduce the bycatch of sea turtles in the Hawaii-based 
longline fishery.  
 
Donald R. Kobayashi and Jeffrey J. Polovina (NMFS) 

The Hawaii-based longline fishery is a year-round, limited-entry, high-seas fishery targeting billfish 
and tuna in the Central Pacific Ocean. As with most fisheries, there are incidental takes of nontarget 
species such as other fish, seabirds, and sea turtles. Sea turtle interactions in this fishery primarily 
involve four species with wide geographic ranges throughout the Eastern, Central, and Indo-West 
Pacific Ocean: loggerhead (Caretta caretta), leatherback (Dermochelys coriacea), olive ridley 
(Lepidochelys olivacea) and green (Chelonia mydas) sea turtles. Loggerheads are the most commonly 
encountered species, but leatherbacks are of more concern due to their lower population levels. These 
interactions have prompted much recent legal attention, particularly with regard to the Endangered 
Species Act and the National Environmental Policy Act. As a result of this, time-area closures and 
gear modifications in the longline fishery were examined at the National Marine Fisheries Service 
(NMFS) Honolulu Laboratory using computer simulation to identify management scenarios that 
would effectively reduce interactions with sea turtles while minimising hardship to longline fishers.  

Generalised additive models (GAMs) and an approach termed ‘stratification/expansion’ were used to 
construct databases of predicted turtle take to evaluate the potential impact of various mitigation 
measures. Both approaches relied heavily on detailed observations gathered by NMFS Southwest 
Region observers assigned to a small fraction of the longline fleet. The GAMs were used principally 
to test a large number of time-area closures. The GAMs incorporated the observer data and high-
resolution environmental data merged with the fishery data, and were used in predictive mode to 
assign species-specific turtle takes to each set of the longline gear using data from the federally 
mandated longline logbooks. Computer simulation was used to assess the impact of seasonal (monthly 
resolution) closures and/or spatial (whole degrees of latitude/longitude resolution) closures over a 
systematic grid of 361,194 possible closure scenarios. Leatherback turtles were of primary concern 
due to their endangered status. Immediate impacts to the fishery were measured by predicting the 
fraction of the fleet displaced spatially or temporally by the proposed management action.  

Long-term and financial impacts were also estimated using models of fishing effort reallocation and 
predicted catch rates of the displaced fishing effort coupled with recent market revenue data. 
‘Efficient frontier’ analysis was used to determine the efficacy of proposed management scenarios. 
This approach is used primarily in modern portfolio theory, but has wide applicability for the 
identification of optimal solutions in a complex setting.  

Predicted effects of various other individual closures relevant to the recent litigation were also 
calculated, using either the GAM or the stratification/expansion approach, which calculated aggregate 
takes in large predefined strata. These closures include the interim federal court-ordered emergency 
closure, three subsequent proposals from the NMFS, the plaintiff, and the intervening defendant 
Hawaii Longline Association, the federal court-ordered final closure, a proposal from the NMFS Draft 
Environmental Impact Statement, and finally a proposal shared by the NMFS Biological Opinion and 
Final Environmental Impact Statement.  

 Due to the widespread patterns of leatherback turtle take (primarily in space, but also in time), it was 
difficult to define an optimal management scenario that could substantially reduce leatherback takes 
with a minimal impact to the fishery. However, the limited data suggested that a closure during the 
months of April and May would help reduce leatherback interactions. Furthermore, eliminating the 
practice of setting fishing gear in the near-surface layers would also reduce interactions with all turtle 
species. Shallow gear is primarily associated with the targeting of swordfish, whereas deeper-set gear 
is associated with the targeting of various tuna species. The district of Hawaii federal court prohibited 
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swordfish-style fishing and imposed a closure of the entire fishery south of 15° N during the months 
of April and May on March 30, 2001. 

Effects of fisheries on the Cantabrian Sea shelf ecosystem.  
 
Francisco Sánchez and Ignacio Olaso (IEO) 

The Cantabrian Sea area forms the subtropical/boreal transition zone of the Eastern Atlantic.  As a 
result, typical temperate-water species from the south occur together with those of northern origin 
and, consequently, there is higher biodiversity than in adjacent areas. The fisheries, which have been 
operating for centuries, have an enormous effect on the structure and dynamics of the Cantabrian Sea 
ecosystem, and have become more industrialised over the last 50 years, with the catch reaching about 
200,000 tonnes per year.  

We describe the Cantabrian Sea shelf ecosystem using a mass-balance model of trophic interactions in 
order to understand the effects of the different fisheries that operate in this area. The study was based 
on a database of bottom trawl surveys, ICES stock assessment working group results, stomach 
analyses and other fisheries research, and was supplemented by published information. The model had 
28 trophic groups, including detritus and fishery discards, associated with the pelagic, demersal and 
benthic domains.  

The total biomass supported by the ecosystem was estimated at 227 t·km-2, which corresponded to 
49%, 27% and 23% of the pelagic, demersal and benthic domains, respectively. This signifies the 
great importance of the bottom communities and benthic producers in the area. Most of the biomass 
and production was contained within the pelagic domain. The main flow was determined by the 
interaction between phytoplankton, mesozooplankton, horse mackerel and tuna. 

The results indicated that the biomass and production of some groups would be unrealistic if they 
were independently estimated. Summaries are given to illustrate the flow distributions between 
groups. Strong relationships existed between the pelagic, demersal and benthic domains due to key 
groups that transferred the flow from primary production to the upper trophic levels. Feeding pressure 
on phytoplankton was low and detritivorous species were an important component of the ecosystem. 

Estimations of the trophic level of the fisheries, transfer efficiency between trophic levels and mixed 
trophic impact analysis, which considers the fishery both as an impacting and as an impacted 
component, were also included. The results indicated a fisheries impact level in the Cantabrian Sea 
comparable to that in the most intensively exploited temperate shelf ecosystems in the world. The 
fishery was operating at a mean trophic level of 3.7. The importance of discards as food in the 
ecosystem was low in comparison with detritus, primary producers or other low trophic-level groups. 
The negative trophic impact of trawling on the different groups in the system was high and much 
stronger than the other gears studied. All fishing gears, except the purse seine, had a negative impact 
on fish feeders and elasmobranchs. The mean trophic level of Cantabrian Sea fisheries declined from 
1983 to 1993 but has remained steady since then. 

We used the recent expansions of the Ecopath approach (Ecosim and Ecospace) to simulate changes 
in fishing pattern and intensity through time in an ecosystem framework. Ecospace predictions during 
six years simulation, including the effect of a closed area to trawling, show that in the closed area the 
biomass levels of rays, dogfish, anglerfish and benthic cephalopods become greater than in adjacent 
areas. Also, the trawl exclusion in this area reduces the biomass of benthic invertebrate carnivores 
(due to more pressure from predators) and results in low values of discards. To validate this 
simulation, we used the abundance indices from bottom trawl surveys carried out during periods of 
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time before and after the closure of the area to trawling. The findings are that the simulations provided 
by Ecosim and Ecospace seem to be realistic. 

Simulated responses to harvesting strategies in an exploited ecosystem in 
the southwestern Gulf of Mexico.  
 
Francisco Arreguín-Sánchez, Manuel Zetina-Rejón, Sherry Manickchand-
Heileman, Mauricio Ramírez-Rodríguez and Laura Vidal (IPN; UNAM; and 
Instituto Nacional de Pesca, Mexico) 

The impact of some optimised harvesting strategies on ecosystem structure was investigated using a 
mass-balanced model of the ecosystem of the continental shelf off Campeche, in the southwestern 
Gulf of Mexico. The system has an area of 65 000 km2.  

In this ecosystem, there are four types of artisanal fisheries and a shrimp fishery. The latter consists of 
320 trawlers and is in decline, probably as a result of environmental (temperature and salinity) 
changes in the area that have affected shrimp recruitment in last three decades. The artisanal fisheries 
comprise some 4,400 vessels and include a demersal fleet that mostly uses short longlines and hook-
and lines, targeting groupers and snappers; a pelagic fleet, which uses mainly gillnets to catch 
mackerels and jacks, and hook-and-lines for sharks; a beach seine fishery; and an octopus fleet, which 
uses live crabs as bait 

Simulated harvesting strategies were based on optimisation of one or combinations of four major 
criteria: economic benefits in terms of net profits; social benefits in terms of employment generated 
by the fisheries and computed as the ratio of jobs/catch value; mandated rebuilding, which optimises 
the recovery of depleted groups--in this case shrimp; and ecosystem benefits in terms of maintenance 
of ecosystem structure. The Ecopath with Ecosim software was used to simulate the harvesting 
strategies. Simulations were run for 30-year periods. 

Basic data were collected from surveys during August 1988 to July 1994. We included as functional 
groups marine mammals (dolphins), sea birds and marine turtles; 12 groups of fish and sharks; several 
invertebrate groups, including shrimp, octopus, squid, epifauna, infauna, and zooplankton; and as 
primary producers, phytoplankton, benthic producers and detritus. 

As expected, the ecosystem changes that ensue vary according to the combination of optimisation 
goals. We found that for some scenarios, the extraction of biomass from a particular trophic level 
changes, affecting the ecosystem and catch structure. This was seen best in the trend of the mean 
trophic level of the ecosystem and catch to increase or decrease, as well as in the fishing-in-balance 
index.  

Economic or social optimisation favours higher-priced species. Catches of low trophic-level groups, 
of which shrimp is the highest-priced species, increase, while catches of high trophic-level groups 
decrease. The opposite occurs using the ecological criterion: catches of high trophic-level groups 
increase and catches of lower level groups fall. Optimisation of social and economic criteria results in 
high yields; the shrimp-recovery criterion results in the lowest yields. The decline of the shrimp 
fishery is strongly associated with physical variables, notably temperature and salinity changes that 
impact recruitment, and recovery based on trophic relationships is plausible but with a high ecosystem 
structure cost. 



ACP-EU Fisheries Research Report (12) – Page  31 

Impact of fisheries on their ecosystems 

Interactive effects of climate variability and fishing: a modelling analysis 
for the eastern tropical Pacific pelagic ecosystem.  
 
R. J. Olson, G. M. Watters, K. Y. Aydin, C. H. Boggs, T. E. Essington, R. C. 
Francis, J. F. Kitchell, J. J. Polovina, and C. J. Walters (IATTC, University 
of Washington, NMFS, University of Wisconsin, and UBC) 

The purse-seine fishery in the eastern tropical Pacific (ETP) is directed at yellowfin (Thunnus 
albacares), bigeye (T. obesus), and skipjack (Katsuwonus pelamis) tunas, but other upper-level 
predators and juvenile tunas are also caught. The ETP is strongly influenced by the El Niño-Southern 
Oscillation (ENSO). Several studies have documented a close connection between ENSO and primary 
producers in the ETP; the production rate and phytoplankton biomass are reduced during warm El 
Niño periods and increased during cold La Niña periods. ENSO can also affect the distribution and 
abundance of animals at middle and upper trophic levels. Acknowledging that food webs are 
structured jointly by top-down and bottom-up processes, and top-down responses to fishing cannot be 
adequately understood without considering the role of bottom-up physical processes on ecosystem 
dynamics, we used an Ecopath with Ecosim model that emphasises the middle and upper trophic 
levels in the pelagic ETP to explore both top-down and bottom-up effects on the ecosystem. 

The ecosystem model had 36 components, including target species (e.g., tunas), functional groups 
(e.g., sharks), and sensitive species (e.g., sea turtles), and ontogenetic categories (e.g., large and small 
marlins). The model arena was the area circumscribed by 20ºN, 20ºS, the coast of the Americas, and 
150ºW, and covered the period 1993-1997. We estimated landings and discards for five fishing 
“gears,” baitboats, longliners, dolphin sets by purse seiners, floating-object sets by purse seiners, and 
sets on unassociated schools by purse seiners. The model focused on the pelagic regions of the ETP; 
coastal ecosystems are not adequately described. 

Previously, we explored how climate variation at ENSO scales might affect animals at middle and 
upper trophic levels. To create ENSO-scale variations in producer biomass, we constructed an 
empirical model that relates NIÑO3 SST anomalies to phytoplankton-pigment data collected during 
recent warm and cold events. (NIÑO3 SST is the monthly mean sea surface temperature in the eastern 
equatorial Pacific, 5ºN-5ºS 150º-90ºW, obtained from NOAA, National Weather Service, Climate 
Prediction Center, USA.) 

This relationship suggests that, on average, log-pigment concentration (mg m-3) changes by about -
0.047 per degree Celsius, equivalent to a change of about 11 percent. We used the equation 

Relative biomass of producers = 10 (-0.047 x NIÑO3 anomaly) 

to model how producer biomass might change as a function of NIÑO3 SST anomalies in the form of 
single pulses, regular climate cycles and greenhouse warming. From this work, we found that bottom-
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up processes appeared to affect the entire food web. Frequent ENSO events were predicted to increase 
the transfer efficiency of energy from producers to animals occupying middle trophic levels, with an 
opposite but less effect on the upper-level predators. The productivity of the system’s components and 
the time lags at which variability is transmitted up the food web appear to be important in structuring 
pelagic food webs. 

In the present study, we attempted to evaluate the relative contributions of fishing and the 
environment in shaping ecosystem structure in the pelagic ETP. We ran three series of simulations for 
each gear type using historical NIÑO3 SST anomalies from 1950 to 1999 in the above equation. In 
the first series, we assumed that the fishing mortality rate acting on each component of the ecosystem 
would remain constant at a level equal to the average fishing mortality during 1993-1997 (“avg F”). In 
the second and third series of simulations, we assumed that the fishing mortality acting on each 
component would gradually decrease from avg F to one-tenth of the average over the 50-year 
simulation (called “decreased F”), or gradually increase from the avg F to 10 times the average over 
the 50-year simulation (called “increased F”). We analysed the predicted biomass trajectories for 
various components of the ecosystem under each fishing scenario with wavelets to decouple the 
effects of the environmental signal from the long-term effects of fishing in the model predictions. 

The time-averaged wavelet spectra of the biomass trajectories for many of the components at both 
upper and middle trophic levels were characterised by significantly higher power at periods of about 2 
to 12 years. This result indicates that these components were indeed sensitive to ENSO-scale forcing. 
However, some less-productive predators, e.g., large marlins, were not sensitive to ENSO-scale 
forcing in either decreased or increased F simulations. These animals were predicted to be more 
sensitive to top-down influences from fishing than to bottom-up physical forces. The effect was 
strongest for the gears that have the greatest impact on the upper-level predators. The predicted 
biomass time series for productive forage species, such as Auxis spp., also showed significantly high 
power at ENSO-scale periodicities, but, in contrast to upper-level predators, this characterisation did 
not change when fishing mortality was decreased or increased. The top-down effects of fishing did 
not affect the components at middle trophic levels, and the variation caused by ENSO dominated the 
response of these components. 

Study of the impact of fishing on the ecosystem of the Gulf of Paria 
between Venezuela and Trinidad, based on a mass-balance trophic model
  
Sherry Manickchand-Heileman, Jeremy Mendoza, Amoy Lum Kong and 
Freddy Arocha (Institute of Marine Affairs, Trinidad and Tobago; UNAM; 
and Universidad de Oriente, Venezuela) 

The Gulf of Paria is a semi-enclosed estuarine area between Trinidad and Venezuela covering an area 
of 7,600 km2, with a coastal margin of 560 km.  Commercial trawl and artisanal fisheries for demersal 
and pelagic species are important and shared by nationals from Trinidad and Venezuela. In this study 
we attempted to quantify trophic interactions in the Gulf of Paria and to investigate the impact of 
trawling on the ecosystem of the Gulf, through the construction of an Ecopath model and simulation 
of the effects of different fishing strategies using Ecosim. Attempts were made to reconstruct the 
biomass of the major groups as they were before fishing intensified, by simulating reducing fishing 
mortality, and comparing the resulting biomass with those obtained during trawl surveys conducted in 
1945. 

A total of 24 ecological groups were defined: the fish groups were clupeoids (Clupeidae and 
Engraulidae), carangids, scombrids, flatfish, ariids, gerreids, trichiurids, lutjanids, serranids, 
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haemulids, sharks, rays, other fish, and Micropogonias furnieri and Cynoscion sp.; and there were five 
invertebrate groups—penaeid shrimps, crabs, molluscs, heterotrophic benthos and zooplankton. The 
other groups were seabirds, phytoplankton, discards and sediment detritus.  

The balanced model had the following features: Of total net primary production (1,389 t⋅km-2) only 
about 15% are grazed by herbivores, with the rest going towards detritus. The ecotrophic efficiency of 
detritus shows that only 24% of detritus are utilised, with the rest being buried in the sediment or 
exported out of the system. Trophic flow originating from detritus to consumers is almost twice that 
originating from primary producers. Transfer efficiency is 12.9% in trophic level II; it increases to 
18.3% in level III, then declines to 7.6 in level IV. The geometric mean transfer efficiency for the 
system as a whole is 12.2%. The results illustrate the importance of detritus and lower trophic levels 
in the system. These groups have the most pronounced positive impact on the system through direct 
and indirect consumption by other groups. Detritus has a positive impact on almost all groups, 
emphasising the importance of detritus as the base of the food web in the Gulf. The trawl fishery is 
equivalent to a predator with a mean trophic level of 2.97, with almost 80% of the catch coming from 
trophic levels II and III. Primary production required for current total catch from the area is 28.3 t km-

2, which is equivalent to about 2% of net primary production. Of the total system throughput, about 
60% go into detritus and 16% to respiratory flows. 

The balanced model was used to explore the possible impact of fishing on the biomass of the major 
groups by simulating three different fishing scenarios in the system over a 60-year period—scenario 
1: increase relative fishing mortality rate by 50% for 5 years; scenario 2: gradually decrease fishing in 
the first five years to zero for the next 55 years, until year 60; scenario 3: fishing is doubled for 10 
years. The results were as follows. 

Scenario 1: Following the 5-year increase in fishing, significant reduction in biomass occurs for most 
groups, except for crabs and penaeids, which show an increase in biomass. However, the biomass of 
all the fish groups and penaeids recovers rapidly after the perturbation ends, but that of crabs remains 
lower than the original by about 65%.  

Scenario 2: When fishing is reduced to zero for 55 years, the biomass of all groups increases, except 
for crabs and shrimps, then declines and stabilises at higher levels than previously existed. The 
biomass of crabs shows a significant decline to zero by year 10. The biomass of shrimps also 
decreases but recovers to a higher level after fishing is reduced. 

Scenario 3: A doubling of fishing effort results in chaotic fluctuations and reduction in the biomass of 
all demersal groups, except crabs and molluscs. The biomass of all demersal groups is significantly 
reduced in the first five years, while the biomass of crabs increases significantly (Fig. 6). Increases of 
biomass are also observed for seabirds, clupeoids and scombrids. Biomass recoveries after the 
perturbation ends are slower in this case and may take more than two decades for certain species such 
as sharks. 

Results of this study provide some useful insights into the trophic structure and functioning of the 
Gulf of Paria and indicate that the ecosystem of the Gulf is in many ways similar to other tropical 
shelf ecosystems.  Notable is the importance of the detrital pathway relative to the grazing pathway, 
and the export of detritus out of the system. Ecosim simulations show important impact of different 
fishing scenarios on the biomass of system component groups.  

The responses of the simulations are only the result of varying fishing effort and do not reflect the 
impact of other factors, such as pollution from land-based activities, shipping, marine petroleum 
extraction and destruction of coastal habitats. Such factors should be taken into consideration when 
evaluating management options for the multispecies trawl fishery of the Gulf of Paria. 
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Contribution of ecosystem analysis to investigating the effects of changes in 
fishing strategies in the South Brazil Bight coastal ecosystem  
 
M.A. Gasalla and C.L.D.B. Rossi-Wongtschowski (Instituto de Pesca, Brazil; 
and Instituto Oceanografico, University of São Paulo) 

Several changes in fishing strategies have occurred recently in the South Brazil Bight (SBB) area, 
including increasing squid catches by shrimp bottom trawlers and fishing by skipjack tuna pole-and-
line boats for anchovies and young sardines for bait, conflicting with other users of that environment, 
i.e. artisanal fishers and sardine purse seiners. The effects of these new practices on the whole system 
and on the fisheries are important issues that need to be addressed. The approach taken was to 
assemble a mass-balance model of the SBB coastal ecosystem for the 1998-1999 fisheries period, 
using the Ecopath with Ecosim modelling software. 

The model was constructed to reflect annual conditions in the SBB firstly by assessing the most 
important fisheries resources in 1998-1999 landings calculated for the whole area. The role of 
commercial fisheries during the study period was equivalent to a predator occupying a mean trophic 
level of 2.96. Shrimp trawlers and the live baitfish fleet had the lowest trophic levels; purse seiners, 
who traditionally targeted sardines, target higher trophic-level pelagic species in their absence. 

The change in squid fishing rate was simulated by increasing fishing mortality (F) from 0 to 1 year-1, 
while maintaining F constant for other groups. The effect of the live baitfish fleet on young sardines 
was simulated as a permanent fourfold increase from year 2 in a 10-year period. Different hypotheses 
of flow control were tested by setting the maximum instantaneous mortality rate that consumers could 
exert on food resources by (a) “top-down” control by predators (predator control); (b) all interactions 
of mixed control type; (c) “wasp-waist” control (predator control and bottom-up control of predators 
by mackerel); and (d) “bottom-up” control of predators by their prey (donor control).  

For squids, predicted biomass changes were more pronounced under top-down that under bottom-up 
control; wasp-waist control showed outputs similar to bottom-up control. Biomass of the weakfish 
group, important squid predators that compete with the fishery, was the most affected under both 
hypotheses. A similar pattern of decrease in other squid predators was seen. Some squid predators 
also eat squid prey, forming triangles of complex trophic interactions, as evidenced in predicted 
relative change in biomass of other components in the system. Opposite tendencies in biomass 
changes were observed under top-down and bottom-up control assumptions, especially for higher 
trophic-level groups such as seabirds, cetaceans, large pelagic fish, sharks and rays, and flatfish. 

Ten-year simulation outputs of the effects of increasing the live baitfish fleet's fishing rate 
permanently from year 2 onward under the three types of flow control (top-down, mixed, and bottom-
up control) did not show prominent impact on the shelf trophic groups, due to the present low F 
levels. Possible effects of baitfish changes on biological components in deeper waters could be 
considered using complementary models of the coastal system and artisanal fisheries.  The baitfish 
fleet simulations all show a similar pattern of decrease of chondrichthyan biomass from year 2 to year 
4, when recovery begins, being faster under bottom-up control. Under top-down control, perturbations 
propagate and show more pronounced responses, with a longer recovery time for chondrichthyans. 
Their biomass decrease is possibly due to indirect effects on their prey availability caused by the 
reduction in juvenile sardines. 

The present analysis shows that the SBB system is very sensitive to different trophic control 
assumptions. In order to improve management decisions by predicting the effect of fishing, it is 
necessary to understand better the way the ecosystem functions in terms of internal control between 
components. Nevertheless, a precautionary measure would be to assume that top-down control is the 
dominant force in energy flows. This paper shows the importance of integrated fisheries management, 
because single alterations can have consequences throughout the food web.  
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However, the ecosystem-based fishery management paradigm is still very new in world fisheries 
reality, remaining an attractive concept rather than a formal activity. Methodologies, experiments and 
approaches that could put the management of fisheries on an ecosystem basis must be encouraged as 
useful scientific progress. They could, in the near future, allow the management of human uses of the 
ocean in a manner consistent with existing ecological interactions. 

Predicting indirect effects of fishing in Mediterranean rocky littoral 
communities, using a dynamic simulation model  
 
John K. Pinnegar and Nicholas V.C. Polunin (University of Newcastle, UK) 

In recent years there has been an upsurge of interest into potential indirect effects of intensive fishing 
and one of the most widely expressed concerns is that it will lead to imbalances in ecosystem 
function, and have ramifications for community structure overall. Much of the data used to support 
the notion of adverse and indirect fishing effects is, however, speculative and often relies on 
inference, correlation or small-scale experiments that may not be applicable at larger spatial scales. 
Modelling may significantly enhance our understanding of the potential impact of fisheries at larger 
spatial scales and on groups that would otherwise be very difficult to study. 

An aggregated biomass-based simulation model of the Mediterranean infralittoral zone was developed 
and used to carry out fishing ‘experiments’ where fishing intensity and catch selection were varied. 
The model was constructed for the Bay of Calvi, Corsica, using Ecosim software, and was composed 
of 27 compartments, including seabirds, 11 groups of fish, 12 groups of invertebrates, 2 primary 
producers, bacteria and detritus. 

Several instances of indirect fishing effects (‘trophic cascades’, ‘keystone predation’) have been 
proposed from field studies in the western Mediterranean. Model outcomes provided little support for 
the widely accepted paradigm that fishing, by removing invertebrate-feeding fish, allows increases in 
the biomass of sea urchins and, hence, the formation of overgrazed ‘barrens’ of bare substrate. 
Simulated harvesting of sea urchins by humans did, however, result in an increase of macroalgal 
biomass as reported previously. Intensified fishing pressure on ‘macrocarnivorous’ fish resulted in a 
‘release’ of small fish species (e.g., blennies), and as a consequence a decline in the biomass of some 
small invertebrates on which they feed (e.g., amphipods). Increased fishing on large ‘piscivores’ 
resulted in increases in other small fish groups and consequential effects on other benthic invertebrate 
groups (e.g., polychaetes). Depletion of piscivorous fish resulted in a dramatic increase in the biomass 
of seabirds, which apparently compete with piscivores for small demersal and pelagic fish. 

An intensification of fishing pressure overall resulted in an increase in cephalopod biomass. 
Responses of target species to increased fishing pressure were most marked within the first five years 
of the new fishing regime. Indirect responses exhibited varying degrees of inertia, and biomasses of 
many groups did not assume a new equilibrium within the first 20 years of the simulation. 

The Mediterranean infralittoral rocky-bottom ecosystem was predicted to be relatively resilient to 
pulses of increased fishing and exhibited a high degree of detritus recycling, characteristic of a 
‘mature’ assemblage. However, the speed and magnitude of ecosystem responses were shown to 
depend greatly on the amount of ‘top-down’ or ‘bottom-up’ control assumed for components within 
the system. 
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Comparative ecosystem analysis 

 

Ecopath with Ecosim: an overview  
 
Villy Christensen and Carl Walters (North Sea Centre, UBC) 

The Ecopath with Ecosim (EwE) modelling approach combines software for ecosystem trophic mass-
balance (biomass and flow) analysis (Ecopath) with a dynamic modelling capability (Ecosim) for 
exploring past and future impact of fishing and environmental disturbances. Ecosim models can be 
replicated over a spatial map grid (Ecospace) to allow exploration of tools such as marine protected 
areas, while accounting for spatial dispersal/advection effects. The software package now has 1,750 
registered users in 118 countries. It has a very elaborate user interface that eases a variety of data 
management chores and calculations that are a cumbersome but necessary part of any endeavour to 
examine an ecosystem systematically.  

Recent versions of the software have brought Ecosim much closer to traditional single-species stock 
assessment, by allowing age-structured representation of particular, important populations and by 
allowing users to ‘fit’ the model to data.  

The core routine of Ecopath is derived from the Ecopath programme of Jeffrey Polovina. The original 
assumption of steady state has been replaced by parameterisation on an assumption of mass balance 
over an arbitrary period, usually one year. In its present implementation, Ecopath parameterises 
models based on two master equations, one to describe the production term and one for the energy 
balance for each group. The basics of Ecosim consist of biomass dynamics expressed through a series 
of coupled differential equations derived from the Ecopath master equation. Ecospace is a dynamic, 
spatial version of Ecopath, incorporating all key elements of Ecosim. Ecospace dynamically allocates 
biomass across a user-defined grid map while accounting for symmetrical movements from a cell to 
its four adjacent cells according to various conditions.  

EwE has been developed largely through case studies, where we have seen inadequacies or users have 
challenged us to add various capabilities. In doing so, there has inevitably been some uncertainty 
about the use and limitations of the approach. 

The primary goal has been to develop a capability for asking policy questions that cannot be 
addressed with single-species assessment of fish populations. Examples are questions about impact of 
fishing on nontarget species, and the efficacy of policy interventions aimed at limiting unintended side 
effects of fishing. Also, EwE can incorporate time-series data from single-species assessment as input 
and use these for parameter fitting. Some features and limitations include the following: 

Ecopath provides ‘instantaneous’ estimates of biomasses, trophic flows, and instantaneous mortality 
rates, for some reference year or multiyear averaging window. Ecopath models place piecemeal 
information in a framework that enables evaluation of the compatibility of the information at hand, 
gaining insights in the process. Users generally find that there is much more available information on 
living marine resources than at first anticipated, and that is useful for model construction.  

Another aspect is that ecosystem models can help direct research by pinpointing critical information 
and gaps in present knowledge. As more information becomes available it is straightforwardly 
included in the model, improving estimates and reducing uncertainty. 



ACP-EU Fisheries Research Report (12) – Page  37 

Use of the Ecopath biomass estimation capability for more biomass components than absolutely 
necessary should be avoided. This is because estimation of biomass with Ecopath require making 
explicit assumptions about the un-measurable ecotrophic efficiency, i.e., about the proportion of the 
total mortality rate of a group that we account for by the predation, migration, biomass accumulation 
and fishing rates included explicitly in the Ecopath data.  

The major difference between Ecopath and multispecies virtual population analysis (MSVPA) is in 
the use of direct data on total mortality rate by Ecopath, in the form of the production/biomass (P/B) 
ratio that Ecopath users must provide. Ecopath biomass and mortality estimates are ‘constrained’ to fit 
the total mortality rates entered as P/B data. In contrast, MSVPA (like single-species VPA) can 
produce cohort abundance patterns (die-off patterns over age-size and time) that do not agree in any 
way with apparent cohort decay patterns evident from direct examination of the size-age composition 
data. 

In most applications, Ecopath calculates components of biomass change over a one-year accounting 
step. There is no explicit assumption about how mortality rates, consumption rates, and diet 
composition may have varied within this step, except that the Ecopath user is assumed to have 
calculated a correct, weighted average of the rates over whatever seasonality may have been present in 
the data.  

In Ecosim, model users can define seasonal ‘forcing shapes’ or functions that can be applied as 
seasonal multipliers to the modelled production and consumption rate functions. Generally, including 
seasonal variation in this way results in graphic displays that are hard to follow visually (strong 
seasonal oscillations in ecosystem ‘fast’ variables like phytoplankton concentration), but have very 
little impact on predicted interannual (cumulative, long-term) patterns of system change. 

The biomass rate equations in Ecosim (sums of consumption rates less predation and fishing rates) 
can be viewed as ‘sums of sums’, where each trophic flow rate for an overall biomass pool is the sum 
of rates that apply to biomass components within that pool. In this view, doing a single overall rate 
calculation for a pool amounts to assuming that the proportional contributions of the biomass 
components within the pool remain stable, i.e., the size-age-species composition of the pool remains 
stable over changes in predicted overall food consumption and predation rates. But the pool 
composition may indeed change over time provided that high- and low-rate components change so as 
to balance one another, or the proportional contribution of major components is stable enough so that 
total rates per overall biomass are not strongly affected. 

In nature, diet compositions and feeding rates can change due to five broad factors: (1) changes in 
‘habitat factors’ such as water clarity, temperature, and escape cover for prey; (2) changes in prey 
abundance and activity, and hence rates of encounter with predators; (3) changes in predator 
abundance, and hence interference/exploitation competition for localised available prey; (4) handling 
time or satiation limitations to predator feeding rates; and (5) changes in predator search tactics 
(search images, microhabitat used for foraging). Ecosim allows (or requires) representation of all 
these factors except the last. Type (1) factors can be optionally introduced by including ‘time forcing’ 
functions representing temporal habitat change, and or ‘trophic mediation’ functions where other 
biomasses modify predation interaction rates for any predator-prey pair(s). Types (2), (3), and (5) are 
built into the calculations by default (although some effects can be disabled by particular parameter 
choices). 

When fitting Ecosim to the data we encounter the same risks as in single-species assessment of 
incorrect biomass estimation, misinterpretation of trend data (e.g., hyperstability of catch-per-effort 
data), and failure to account for persistent effects, such as environmental regime changes or 
confounding of these effects with the effects of fishing. 

EwE can produce misleading predictions about even the direction of impact of policy proposals. 
Erroneous predictions usually result from bad estimates or errors of omission for a few key 
parameters, rather than ‘diffuse’ effects of uncertainties in all the input information. EwE users need 
to be particularly careful about the following problems that have arisen in various case studies. 
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It is easy to overlook a minor diet item in specifying diet composition for some predator. 
Unfortunately, while that prey type may not be important for the predator, it may represent a very 
large component of total mortality for the prey type. This is a particularly important problem in 
representation of mortality factors for juvenile fishes, which usually suffer high predation mortality 
rates but are often not major components of any particular predator’s diet and are notoriously difficult 
to measure in diet studies (fast digestion rates, highly erratic and usually seasonal occurrence in 
predator diets). 

We use the term ‘mediation effect’ for situations where the predation interaction between two 
biomass pools is impacted positively or negatively by abundance of a third biomass type. For 
example, predation rates on juvenile fishes by large piscivores may be much lower in situations where 
benthic algae, corals, or macroinvertebrates provide cover for the juveniles. Pelagic birds like 
albatrosses that feed on small fish may depend on large piscivores to drive these small fish to the 
surface where they are accessible to the birds. Some large piscivores may create enough predation risk 
for others to prevent those others from foraging on some prey types in some habitats. 

When a mediation effect is present but is not recognised in the Ecosim model development, it is not 
unlikely for the model to predict responses that are qualitatively incorrect. For example, fishing down 
tunas in a pelagic model is likely to result in predicted increases in abundance of forage fishes, and 
hence to predicted increases in abundance of pelagic birds. But, in fact, reducing tuna abundance may 
have exactly the opposite effect, resulting in bird declines due to the baitfish spending less time at the 
surface when tuna are less abundant. 

Predation impact can be limited in Ecosim by assuming low values of the exchange parameters (v’s) 
between behaviourally invulnerable and vulnerable prey ‘states’.  We call these exchange parameters 
‘vulnerabilities’, and they are estimated by assuming ratios relative to Ecopath base estimates of prey 
mortality rates for each predator-prey linkage.  

The net effect of assuming low prey vulnerabilities is also to assume that predators should exhibit 
strong compensatory responses to reduced abundance of conspecifics, which in simulations of 
increased fishing pressure means strong compensatory responses and hence lower risk of overfishing. 
An enthusiastic proponent of ‘bottom-up’ control of trophic processes must also be a strong proponent 
of the idea that it is hard to overfish. This is a very risky assumption. 

The default assumption in Ecosim is to treat each predation rate linkage as occurring in a unique 
‘foraging arena’ defined by the behaviours of the specific prey and predator. 

But suppose this formulation is wrong, and the mortality rate of the prey represents movement of the 
prey into behavioural or physiological states (e.g., parasite loads) for which it is vulnerable to 
predators in general. In this case, removal of any one predator may simply result in the vulnerable 
prey individuals being taken just as fast, but by other predators. In this case, the total mortality rate of 
the prey will change much less than predicted by Ecosim. 

Attempting to fit Ecosim models to time-series data has revealed some cases where an important 
species or biomass pool shows dramatic change that cannot be attributed to any known change in 
trophic relationships or harvesting. Then this dramatic but ‘unpredictable’ change appears to result in 
major trophic impact on the rest of the ecosystem. 
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A comparative analysis of the North Sea based on Ecopath with Ecosim 
and Multispecies Virtual Population Analysis  
 
Villy Christensen, Jan E. Beyer, Henrik Gislason and Morten Vinter (North 
Sea Centre, DIFRES) 

The North Sea has been exploited extensively for hundreds of years, up to a hundred of years ago 
mainly coastally and using driftnets for herring over larger areas. In the 20th Century the catches 
started off at around a million tonnes annually, dominated by herring, and this level was maintained 
through the first half of the century. After the 2nd World War, which was a period of relatively low 
fishing pressure, the catches gradually increased to reach an unsustainable level of 3.5 million tonnes 
in the late 1960s and early 1970s. Since, catches have decreased to 2 – 2.5 million tonnes per year, of 
which around half is used for reduction purposes. The later part of the Century has been characterized 
by marked changes in species compositions, notably in form of a shift from pelagic to demersal 
dominance (a ‘gadoid outburst’) in the 1960s, which continued for some decades. 

The causes of the ‘gadoid outburst’ are still being debated, as a current example of the Thompson-
Burkenroad debate, i.e., a discussion of whether the shift was primarily caused by fisheries or 
environmental changes. In order to address this question we have conducted a preliminary study of 
the North Sea from 1963 to 1999 based mainly on information derived from the work of the ICES 
Multispecies Assessment Working Group over the last couple of decades. Our study, however, has an 
additional aim. The main tool for addressing multispecies interactions in connection with fish stock 
assessment is Multispecies Virtual Population Analysis, MSVPA, a methodology developed under 
ICES auspices initially for the North Sea, and since also applied to a number of other areas. There are 
a number of similarities as well as differences between MSVPA and Ecopath with Ecosim (EwE), and 
it was our intention with this study to see if EwE, given as data material mainly output from the 
MSVPA, as well as additional ecological information, assimilated in form of a previously published 
Ecopath model of the North Sea, in order to see if the two models would give similar results.  

The EwE model we constructed included a total of 32 functional groups, including 17 fish groups (of 
which 4 were juvenile gadoids). Using information from the time period 1963-1999 we then ran 
Ecosim simulations to see if EwE could replicate the results from the MSVPA runs. In doing so, we 
mainly had to modify the vulnerability settings in Ecosim, and we concluded that it was possible to 
achieve a fair agreement between the two time series. This is not unexpected, as both models were 
driven by predation and fisheries. Indeed, it will be interesting to use the same input data, notably 
fisheries independent information, for the EwE model as is used for the assessments, and hence for 
the MSVPA.  

There were also discrepancies that popped up on the comparisons. We did, for instance, not succeed 
using EwE to replicate the marked increase and subsequent decrease in herring abundance that the 
MSVPA estimates. The reason may be recruitment variation, which EwE will not easily pick up, 
especially not in the current model where no ontogenic change is included for herring, or it could be 
due to the relatively large, unexplained ‘other’ mortality. Whatever the reason, we see it mainly as a 
challenge for further comparisons, and indeed intend to continue this study to see,  

• if EwE or MSVPA can predict 1991 diet compositions based on information about 1981 diet 
and fishing mortalities during 1981-1991; 

• if the EwE time series analysis can be improved by taking the North Atlantic Oscillation 
patterns in to consideration; and  

• if there are pelagic-demersal linkages that may be linked to the ‘gadoid outburst’.  

Work to address these questions is currently in progress. 
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Comparative analysis of trophic interactions and community structure of 
the Central Chile marine ecosystem in 1992 and 1998  
 
Sergio Neira, Hugo Arancibia and Luis Cubillos (Universidad de Concepción, 
Chile; and Instituto de Investigación Pesquera, Chile) 

Trophic interactions and community structure of the marine ecosystem of Central Chile (33ºS-39ºS) 
were analysed and compared for 1992 and 1998 by ecotrophic modelling, using the Ecopath II mass-
balance modelling software. The study site, in the Humboldt Current system off Central Chile, is a 
typical upwelling ecosystem and sustains some of the most productive fisheries in the world. It 
extends 65 km offshore, covering a total surface area of 50,042 km2 and is the main fishing ground of 
both the purse seine and the trawling industrial fishing fleets.  

The analysis comprised 21 functional groups, including the main trophic components of the system 
and with emphasis on fish species--both fishery resources and bycatch species. The model 
encompassed the fishery, pinnipeds (sea lions), small pelagic fish (anchovy, pilchard), medium-sized 
pelagic fish (horse mackerel), demersal fish (e.g., Chilean hake, black conger), benthic invertebrates 
(carrot prawn, yellow prawn), and other groups such as zooplankton, phytoplankton and detritus. 
Input information for the model was gathered from published and unpublished reports and our own 
estimates. Also, the effects of fishing and predation on fishery resources and on the most important 
components of the system were investigated within an ecotrophic framework. 

The overall structure of the system with respect to flow pathways was similar in the two years 
analysed, although there were differences in the magnitude of flows. Predators consumed the greater 
part of the production of the most important fishery resources, particularly juvenile stages, and the 
fishery removed a large fraction of adult production. Mortality by predation is an important 
component of natural mortality, especially in recruit and prerecruit groups. Analysis of direct and 
indirect trophic impact shows that adult Chilean hake have a negative impact on juvenile Chilean hake 
through cannibalism, and on pilchard, anchovy and carrot prawn through predation. Also, fishing has 
a strong impact on fishery resources such as Chilean hake, pilchard and anchovy. Changes in biomass 
and total yields of the system between 1992 and 1998 can be observed in such properties as total 
flows, consumption, respiration and production. It is concluded that ecotrophic modelling is a useful 
tool for fishery management, since it can improve our understanding of the predator-prey interactions 
among the exploited fishery resources as well as the unexploited but potential fishery resources of the 
system. 

Seasonal dynamics of the Ubatuba continental shelf system, based on mass-
balance trophic models  
 
G.R.A. Rocha, C.L.D.B. Rossi-Wongtschowski, A.M.S. Pires-Vanin, L.S.H. 
Soares and A. Jarre (Universidade de São Paulo, Brazil; and Danish Institute 
for Fisheries Research, Denmark) 

The Ubatuba ecosystem, a productive fishing ground on the southeastern coast of Brazil (23°30’S-
24°30’S and 44°30’W-45°30’W), as defined here includes waters from 10 to 100 m deep, covering an 
area of 3,800 km2 on the continental shelf. Three main water masses occur in the area: coastal water 
(CW) characterised by high temperature (> 25°C) and low salinity (32-33 ppt); tropical water (TW) 
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with high salinity (about 36 ppt) and intermediate temperature (20-23°C); and South Atlantic central 
water (SACW) with low temperature (16-18°C) and high salinity (35-36 ppt). During summer, 
nutrient-rich SACW moves onshore and is often found in the central and outer portions of the 
continental shelf (20-100 m), while CW is found in a narrow band nearshore. These water movements 
result in a vertical stratification over the inner shelf, with a strong thermocline at middle depths. In 
winter, when SACW is restricted to the outer shelf, horizontal and vertical thermal gradients are 
reduced and almost no stratification is observed on the inner shelf.  

We made mass-balanced models representing winter and summer in this ecosystem using the Ecopath 
programme. The trophic groups (compartments) of the system were established based on ecologically 
or taxonomically related species, considering their abundance and similarity of diet and habits. Direct 
measurements from the Ubatuba area were supplemented by literature values from other shelf systems 
and assumptions regarding total energy balance. The models contained 25 compartments in summer 
and 23 in winter. 

The biomass of planktonic and some benthic groups (except benthic feeding fish) was higher in 
summer than in winter. Salps were present only in summer, when they were extremely abundant. The 
biomass of most other fish groups, including myctophids, was also higher in summer than in winter. 
However, it was not possible to obtain seasonal data for sardine and anchovy, so the same values were 
used for summer and winter. Total biomass and total system throughput in summer were almost twice 
as high as in winter. 

Solar radiation and detritus are the main production sources of this system. Flows from detritus were 
as important as flows from phytoplankton. In summer, flows from phytoplankton (0.59) were slightly 
higher than from detritus, while in winter, flows from detritus were higher (0.58). In summer, the 
greatest flows were from phytoplankton to salps and from detritus to bacteria, followed by flows from 
phytoplankton to zooplankton and from detritus to detritivorous benthos. 

Polychaetes (detritivores and carnivores), other detritivorous benthic organisms and echinoderms 
were highly important, both as prey and as predators. In addition to these, Brachyura were key 
consumers in summer, affecting many other compartments. Polyplacophora and salps were not 
consumed in the system, but contributed primarily to detritus. Piscivorous rays and other rays were 
also little consumed, but were important predators in the system. 

The production of aggregates and faecal pellets during salp blooms is responsible for the fast export 
of organic matter from the pelagic zone, forming potential food for bacteria and benthic animals. 
Although rarely considered in model ecosystems, salps may be important contributors to ecosystem 
structure: in Ubatuba, they were the major contributors to detritus flow in summer. 

Biomass, consumption and production values in Ubatuba were similar to those of other tropical shelf 
systems, such as in Mexico and Venezuela.  

The results suggest that the Ubatuba shelf system is dominated by pelagic organisms in summer, 
when the system exhibits some characteristics of upwelling. Nonetheless, the importance of detritus in 
this system is greater than in upwelling areas, especially in winter. Overall, the system may be at an 
intermediate level of development, i.e., more mature than pelagic ecosystems, but less mature than 
shelf systems dominated by benthic interactions, such as the Weddell Sea and coral reefs. 
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Long-term analysis of the trophic level of fisheries landings in Central 
Chile  
 
Hugo Arancibia and Sergio Neira (Universidad de Concepción, Chile) 

The mean trophic level of fishery landings (TLm) has recently been found to be a useful index of the 
impact of fishing on the trophic webs of ecosystems. On a global scale, there has been a sustained 
decrease in this index for the last 45 years, which may be attributed to a gradual transition from 
exploitation of piscivorous, long-lived and high trophic-level species to short-lived and low-trophic 
level species. 

We analysed long-term changes in the trophic structure of the Central Chile marine ecosystem (33ºS-
39ºS) in terms of TLm over 21 years (1979-1999) for 14 fish species and 2 prawn species, based on 
official landings records. For most species, the mean trophic level was estimated using Ecopath 
software. The species analysed included over 95% of the total landings in this ecosystem. 

The highest trophic level (3.77) was found in Pacific sandperch, while the lowest (near 2.0) was 
shared by planktivorous fish (clupeids) and detritophagous benthic invertebrates (carrot prawn and 
yellow prawn). The marine trophic web of Central Chile is thus rather narrow, with the most 
important fishery resources in low (pilchard and anchovy) and medium (horse mackerel and hake) 
trophic levels.      

Total landings and TLm are strongly influenced by landings of horse mackerel (Trachurus 
symmetricus), the main fishery resource of Central Chile. TLm had a maximum value in 1988 (3.58) 
and a minimum (2.67) in the last year (1999) of the time series. The latter value is the result of low 
landings of horse mackerel, which has been highly overexploited in recent years. 

A TLm analysis excluding horse mackerel, assuming that this species is a foreign migratory resource, 
showed a decreasing trend from 1979 (TLm = 2.4) to 1999 (TLm = 2.09). This constitutes a decline of 
0.15 per decade, higher than the estimated global rate of 0.10 per decade estimated for recent decades. 
Thus, considering future sustainable fishery management goals in Central Chile, it seems necessary to 
focus research efforts towards understanding long-term predator-prey relationships, particularly those 
that involve fishery resources. 

Assessment of environmental management effects in a shallow basin using 
mass-balance models  
 
Vittorio E. Brando, R. Ceccarelli, S. Libralato and G. Ravagnan (Univ. di 
Venezia, ENEA and ICRAM, Italy) 

Coastal lagoons are highly productive ecosystems and are important areas where many valuable 
fishery species spend part of their life cycle. In Italy, as in other countries bordering the 
Mediterranean, much of the aquaculture production comes from these lagoons.  

Orbetello Lagoon in central western Italy is a shallow coastal environment characterized by limited 
exchange with the sea and a large availability of nutrients. It consists of two basins with a depth of 
about 1 meter and a total area of 27 km2. These shallow water basins are brackishwater environments; 
there is no tidal influence. These conditions have caused eutrophication and consequent crises in the 
lagoon's ecosystem since the end of the 1980s, including change in the faunal and floral composition, 
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and serious damage to populations of finfish exploited in aquaculture. Since 1993, a series of 
interventions, mainly selective algal harvesting, was carried out. The ecosystem has become healthier 
since 1996, as evidenced by change in the dominant taxa of submerged vegetation.  

Aside from eutrophication-related problems, there is conflict between different types of exploitation 
in the lagoon. Fish production conflicts with the wild bird fauna. The lagoon of Orbetello is situated 
along one of the main bird migratory routes between Europe, Asia and Africa, and a variety of species 
winter there in large numbers. The cormorants play a central role in the regulation of the marketable 
finfish biomass present in the ecosystem. 

We used comparative network analysis to evaluate environmental management activities in Orbetello 
Lagoon for two years, 1995 and 1996. Data on fisheries production and algal harvesting were easily 
obtained because only one company is licensed to operate in the lagoon. Trophic network analysis, 
using Ecopath mass-balance modelling software, was applied to quantify the 'health' of the system at 
the ecosystem level. 

The food webs had a similar structure in the two years. The biomass of pleustophytes and cormorants 
and the fishery harvest characterized the two network models. The steady-state mass-balance models 
showed that the biomass of all trophic groups was lower in 1996 than in 1995. The biomass of 
commercial fish groups followed this trend as an effect of a top-down control via the fishery. Such 
control was direct for top predators and mediated by the food web for the main prey, forage fish and 
juvenile mullets.  

The turnover rate (production/biomass or P/B) of pleustophytes was used as an indicator of the health 
of the ecosystem because this parameter allows positioning the submerged vegetation as a whole 
along an axis of adaptation strategies to natural selection. The change in P/B corresponded to the 
observed change in composition of submerged vegetation in the basin. There was a 20% fall in total 
primary production in the system over the two years, a result of the environmental management 
activities in the basin. 

Detritus was shown to have a key role in the system. In both years, flows to detritus were about 30% 
of the system throughput. Most of those flows (about 85%) were entrapped within the ecosystem 
acting as an organic matter and nutrient reserve. Such a reserve, if available to the system, would 
increase the tendency to eutrophication and lead to anoxic conditions. However, the 23% fall of total 
system throughput in 1996, resulting in a proportional reduction in detritus accumulation, indicated a 
decrease in the tendency for eutrophication, a clear effect of environmental management activities of 
the basin. 

There was a large increase in gross efficiency of the system (+45%), mainly due to the increased catch 
of seabream, and the increase in transfer efficiencies at trophic levels III and IV. This showed the 
validity of introducing fingerlings in such basins. In the present case, the intervention would have 
shown minimal effects even if no environmental management activities were carried out in the 
system, and indeed the seeding of the basin offset the superior efficiency of the cormorants as 
predators compared to the fishery. 

Four attributes of ecosystem maturity and stability (the ratio of biomass to total system throughput, 
the ratio of net primary production to total respiration, the net production of the system, and the ratio 
of primary production to biomass) indicate unequivocally that Orbetello Lagoon in 1996 was in a 
more stable condition than in 1995, although the system was still rather distant from the optimal value 
or values estimated for other aquatic environments. The cycling level and the length of the cycles 
suggest that the increased stability represent an increase in maturity of the system (sensu Odum), 
while the changes in ascendency, capacity and overhead indicate a decrease in the tendency towards 
eutrophication over the two years.  
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Assessment of ecosystem behavior and responses, using Ecopath and 
network analysis  
 
Dan Baird and Johanna J. Heymans (University of Port Elizabeth, South 
Africa) 

We examined the differences in output results of two of the most popular software packages, used to 
compute ecosystem variables, NETWRK 4.2a and Ecopath 4.0. A detailed carbon flow model of the 
northern Benguela upwelling ecosystem, consisting of 24 interacting compartments, was used as an 
example for this assessment.  

Ecosystems can be viewed as networks consisting of living and nonliving compartments, exchanging 
energy and material between them, as well as with adjacent systems. Alternatively, ecosystems can be 
viewed as self-organised, dissipative structures that exist at the expense of energy, and as a result of 
the incorporation of energy into the structure of the system. Calculations on network behaviour are 
based on the flows within a system in a steady state, while the thermodynamic approach to 
ecosystems has been characterised by calculations and observations of the state components in 
dynamic flux. The two perspectives of viewing ecosystems are not separate or exclusive, but 
complementary. 

NETWRK provides information on the contribution of individual compartments and external inputs to 
all other compartments, directly and indirectly, in the system. It also provides dependency coefficients 
that indicate the dependency of any one compartment on any of the others in the food web. 
Furthermore, it provides quantifiable results on the magnitude of recycling and path lengths, as well 
as descriptions of global system properties such as total system throughput, development capacity and 
ascendency. Ecopath provides most of these system indices, but has mainly been written for use and 
application by fisheries biologists. It is an extremely useful method for assessing fisheries in the 
ecosystem context.  

NETWRK requires data to satisfy the general energy budget for auto- and heterotrophs, the biomass 
of each component, and the absolute dietary requirements of each, that is, all the input data has to be 
available. Ecopath is structured around a system of linear equations for expressing mass balance. It 
requires empirical input data, but data in ratio format are also acceptable and unknown variables or 
ratios are calculated by Ecopath. Both methodologies include four similar analytical techniques, 
namely, input-output analysis, Lindeman trophic analysis, biogeochemical analysis, and global system 
indices. 

We used an identical data set of the northern Benguela upwelling system as inputs into both 
NETWRK and Ecopath. The results show numerous differences in the values of a number of indices. 
However, most of the quantitative differences are rather small, and of no real significance from the 
“big picture” perspective. 

The main differences lie in the following. 

Input-output trophic analysis. The difference in methodology of measuring trophic impact makes 
comparison of the outputs from these models impossible. 

Biogeochemical analysis. Cycle analysis and the Finn Cycling Index (FCI). In the NETWRK 
approach, internal cycles are grouped into nexuses and the weak arcsones are extracted and 
eliminated, while Ecopath uses Finn’s method for cycle extraction and include all cycles and 
pathways reflected in the FCI, producing true cycle distribution. The analysis is very useful for 
assessing a system’s response to perturbations. The FCIs for the northern Benguela using NETWRK 
were found to be 7.1%, and for Ecopath, 4.2%. 
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Fisheries yield. NETWRK calculates fish yield per unit of primary production using the analysis of 
the input and of phytoplankton provided by input-output analysis. Ecopath calculates the primary 
production required for direct and indirect utilisation by fisheries and any other group that utilises 
primary production as food. Thus, NETWRK and Ecopath can both be used to calculate the amount of 
phytoplankton production reaching fish consumers, directly and indirectly. 

Global system indices. It was found that the values for global system indices such as development 
capacity, ascendency, overheads and redundancy, do not differ much from each other using 
NETWRK and Ecopath, respectively. 

In conclusion, it would appear that the differences between the two analytical approaches to assess 
ecosystem function are of less importance than the great amount of similarity between them.  

Comparison of the results introduces two interesting points. First, despite the fundamental differences 
in some methodologies or routines and eventual results derived from the same data set, most of the 
global indices fall within the same order of magnitude. Second, it is clear that our understanding of 
how ecosystems work is not complete. The inherent variability of biological systems, their capacity 
for self-organisation, and their hierarchical nature defy simple analysis and approaches. 

Trophic structure of the Maspalomas Lagoon (Gran Canaria, Canary 
Islands) before collapse and after a new settlement process  
 
Teresa Moreno and José Juan Castro (Universidad de Las Palmas de Gran 
Canaria) 

The Maspalomas Lagoon is located at the southern end of Gran Canaria, Canary Islands, and has a 
present area of 45,000 m2. This coastal system is subjected to highly seasonal fluctuations of 
physicochemical parameters (temperature, salinity, pH and dissolved oxygen) and to variations in 
volume of water and turbidity. 

A model of the trophic structure of the Maspalomas Lagoon was developed for the period May 1993 
to May 1994 when conditions were optimal for the development of macrophytes. There was a 
continuous supply of organic matter from outside the ecosystem from visitors feeding the fish. In May 
1995, the system collapsed due to eutrophication, and temporary anoxia caused most of the fish 
populations to die, except for guppies (Poecilia reticulata). After this incident, a new process of 
natural recolonisation occurred. In February 1996, the lagoon opened again to the sea. A new study 
was started after this new settlement process. This study found that the dominant populations of 
animals and plants were very similar to those during the previous period. Legislative action prevented 
visitors from feeding the fish during the second period. 

Fluxes were estimated using the Ecopath II steady-state ecosystem model. Some input data were 
measured in situ: biomass of each component, primary production, and growth rates and diet 
composition of fish species. Data on production and diet of invertebrates were taken from the 
literature. 

Living components of the modelled ecosystem were arranged in nine groups: three for primary 
producers—a seagrass (Ruppia maritima) and two algae (Lamprothamnium succintum and Cladophora 
spp.); two for primary consumers—amphipods and insects; and four for fish—mullets (Liza aurata, 
Chelon labrosus and Mugil cephalus), white seabream (Diplodus sargus), spotted seabass 
(Dicentrarchus punctatus) and the guppy (Poecilia reticulata).   
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Fish occupied the highest trophic levels, as in most aquatic ecosystems. Among them, the group of 
mullets had the biggest biomass and highest consumption rate in both study periods. They preyed on 
the lower trophic levels, consuming mostly detritus. The lagoon was unexploited in terms of fishing; 
its trophic web was based on detritus and the top predator was the insectivorous guppy.   

The most important inflows were consumption of detritus by the mullets and, secondarily, by the group of 
insects. Total system throughput reached 43,315 g m-2.year-1 during the first period and 90,592 g m-2.year-

1 during the second period. 

Objective functions of the ecosystem, such as net ecosystem production, primary production/total 
respiration rate, and primary production/total biomass ratio, indicated that the ecosystem was 
immature and developing during both periods. During the first period, the surfeit of food given by 
tourists caused an excess in fish biomass compared to primary productivity. During the second period 
when food availability was restricted to natural resources, the trophic pyramid changed. Trophic 
levels of two fish groups, Dicentrarchus punctatus and Diplodus sargus, increased because their 
feeding activity became mostly carnivorous.  

A low level of organisation of the ecosystem both before collapse and after new colonisation suggests 
that this system is continuously in an early stage of development without any possibility of reaching 
maturity and stability. We conclude that the ecosystem carrying capacity was altered by food addition, 
which caused an increase in biomass of groups at upper trophic levels and in the biological demand 
for oxygen, accelerating the system collapse. 

Simulating anchovy-sardine regime shifts in the southern Benguela 
ecosystem  
 
Lynne J. Shannon, John G. Field and Coleen L. Moloney (Marine and 
Coastal Management, and University of Cape Town, South Africa) 

In the southern Benguela ecosystem, there has been alternation between anchovy-dominated and 
sardine-dominated ecosystem states. This situation is similar to that found in most upwelling regions 
where anchovy and sardine co-exist. The changes in ecosystem state have been termed regime 
fluctuations and are frequently referred to as regime shifts. The factors most likely to account for 
changes in states of upwelling ecosystems are changes in fishing pressure and environmental changes. 
This study explores aspects of both factors in the southern Benguela ecosystem. 

In general, upwelling ecosystems are characterised by a large number of species at low and high 
trophic levels but few species at intermediate trophic levels, and these are mainly small pelagic fish. 
Such ecosystems are called “wasp-waist”, in which the small pelagic fish control the ecosystem 
structure both up and down the food web from the “waist”. 

This study explores the possible causes of ecosystem changes in the southern Benguela ecosystem, 
using Ecopath with Ecosim models to test hypotheses about causes of change from a 1980s 
ecosystem, when anchovies were abundant and sardines scarce, to a 1990s ecosystem when sardines 
were increasing and anchovies decreasing in abundance. Two hypotheses are tested: i) that fishing 
caused changes in ecosystem structure between the 1980s and the 1990s, and ii) that large-scale 
changes in the environment (a regime shift) caused the observed changes in small pelagic fish. 

First, using the model of the 1980s, four scenarios were considered in which different combinations of 
fishing mortality rates of sardine, anchovy and horse mackerel were used to mimic the situation in the 
1990s model. When fishing mortality rates of the three species were altered over a 10-year simulation 
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period to reflect those estimated for the 1990s, the resulting biomasses of many groups did not change 
to the same extent as observed in the real system. Modelled changes in biomass of the major groups 
were more realistic when anchovy biomass was reduced and fishing mortality (F) values of sardine 
and horse mackerel were altered simultaneously to reflect the 1990s situation. However, reduced 
anchovy biomass required increasing model F values for anchovy by a factor of 1.3, which is in 
contrast to the real situation in which anchovy F declined as biomass declined in the 1990s. These 
results showed that it is unlikely that observed changes in pelagic fisheries between the 1980s and 
1990s played a large role in driving the changes in abundance of anchovy and sardine. 

Tests in which trophic paths from meso- and macrozooplankton to anchovy and sardine were 
manipulated had similar effects to those in which only mesozooplankton links to anchovy and sardine 
were affected. These show that the susceptibility of mesozooplankton to anchovy and sardine in the 
1980s and 1990s could be the key to simulating regime changes in the southern Benguela ecosystem. 

Using the 1980s model, we applied a negative forcing function to the mesozooplankton-anchovy 
relationship, and a positive forcing function to the mesozooplankton-sardine link. In a reverse process 
with the 1990s model, mesozooplankton became less susceptible to sardine and more susceptible to 
anchovy. The modelled changes in biomass were in the observed directions and mostly of similar 
magnitudes to those in the two original models. 

That fishing mortality was probably not the cause of the observed changes is not surprising, because 
the South African pelagic fishery was carefully and conservatively managed during these periods, 
although there are uncertainties about the magnitude and impact of illegal discards. By contrast, the 
impact of fishing is known to be important in other ecosystems, such as that in the Gulf of Thailand.  

Model shifts between anchovy (1980s) and sardine (1990s) regimes in the southern Benguela 
ecosystem are likely to have been caused by changes in the availability of mesozooplankton to 
anchovy and sardine. These changes are in opposite directions for anchovy and sardine, and are 
assumed to be mediated through changes in environmental conditions. 

Sardines derive most of their ingested carbon by nonselective filter feeding at the small end of the size 
range of the mesozooplankton group. Anchovy feed predominantly by consuming prey in the upper 
size range of modelled mesozooplankton (200-2,000 µm) and within the macrozooplankton size range 
(2-20 mm). These differences in diet and feeding behaviour enable zooplanktivorous anchovy to take 
advantage of periods during which large copepods dominate the zooplankton, and sardine, a plankton 
generalist, to maintain its populations under a range of zooplankton community structures.  

Changes in the environment can have a large impact on the life history parameters of fish stocks. Such 
parameters form the basis of fisheries stock assessment models, and changes in these parameters can 
alter the underlying premises on which the models are based. Improved fisheries management 
requires that these factors are taken into account, and that historical and potential future ecosystem 
changes are incorporated into model execution and interpretation. To do this, it is necessary to 
understand the ways in which ecosystems respond to both past and potential future natural changes.  

We used periods of two to ten years for modelling purposes. However, our choices were not guided 
by rigorous analyses, and we believe it is important to try to quantify the relationship between the 
magnitude and duration of environmental events, and their effects on the ecosystem. In this way, it 
might be possible to understand better the likelihood of short-term versus long-term changes in the 
pelagic ecosystem. Such understanding is necessary to provide prognoses that are useful to pelagic 
fish management. 
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Using FishBase to initiate construction of Ecopath models  
 
Daniel Pauly 

There are numerous ways to define and represent an ecosystem, and the choice of approach to be used 
will usually depend on a number of reasons. Foremost among these is the availability of input data 
required by a given representation or modeling approach. One of the simplest way to describe an 
ecosystem, and one simple enough to be programmed as a FishBase routine, is to use the data in its 
DIET COMPOSITION, PREDATORS, FOOD ITEMS and FOOD CONSUMPTION tables to 
generate directly, without analysis by Ecopath, a simple representation of the trophic structure of an 
ecosystem, i.e., a 'Lindeman pyramid,' commonly used to summarize food web information, (see 
Lindeman, 1942). Thus, once the ecosystem or country/FAO area combination to be modeled has 
been chosen, the routine in question groups, and thus can output, by trophic level (in steps of ½ 
trophic level), the species of fish occurring in the area under consideration.  

Then, the diet composition and food items studies (if any) for these species are used to identify prey 
items (e.g. invertebrates and plants, otherwise not covered in FishBase) also likely to occur in the area 
under study; these prey items are grouped by trophic levels, as well. The routine then proceeds with 
the reported predators (e.g. marine mammals) of the fish species listed, and groups these, as well, in ½ 
trophic level steps.  

The result is an interactive Lindeman pyramid, included in both the CD-ROM and Internet versions of 
FishBase, whose different levels can be 'clicked' to count and list the fish of a given ecosystem, and 
other organisms therein, by ½ trophic level steps (see www.fishbase.org). 

As it turns out, this simple representation of an ecosystem model led to new insights on the 'trophic 
signature' of ecosystems (Froese et al. 2001). Moreover, once it was developed, this routine turned out 
to be extremely useful for accelerating the construction of Ecopath models, as it quickly assembles, 
and lists in order of their maximum size, the species that comprise the various functional (fish) groups 
in the ecosystem in question, these groups being largely defined by a particular trophic level/size 
combination. This usefulness is particularly true in that the list is connected with a routine, based on 
work by Dr. M.L. 'Deng' Palomares and others, which attaches to the fish in this list the Ecopath-
relevant information contained in FishBase, i.e., diet compositions, growth and mortality parameters, 
and food consumption estimates 

Also, the list of non-fish groups, although less detailed, provides some guidance on how to represent 
these groups in one's Ecopath model. We intend to improve the routine underlying this pyramid along 
two lines:  

1) By identifying new ecological inferences that can be drawn from ecosystem-specific lists of 
taxa arranged by trophic levels and additional data extracted from FishBase, e.g., by 
comparing between ecosystems the number of species at different trophic levels (Froese et al. 
2001); and  

2) By establishing further links between Lindeman pyramids and generic Ecopath models.  

Watch FishBase for more on these.  

References 

Froese, R. U. Piatkowski, S. Garthe and D. Pauly. 2001. Comparing with North Sea with the Caribbean? 
ICES/CIEM Newlsetter No 28 (Dec. 2001): 24-25. [Based on "A preliminary comparison of the trophic 
structure of some large marine ecosystems". ICES CM 2001/T:07.] 

Lindeman, R.L. 1942. The trophic-dynamic aspect of ecology. Ecology 23(4):399-418). 



ACP-EU Fisheries Research Report (12) – Page  49 

Ecosystem structure and dynamics 

A balanced trophic model of a Galápagos subtidal rocky reef for evaluating 
zone-based fisheries and conservation policies  
 
Thomas A. Okey, Stuart Banks, Rodrigo Bustamante, Mónica Calvopiña, 
Graham Edgar, José Miguel Fariña, Lauren E. Garske, Günther K. Reck, 
Sandie Salazar, Scoresby Shepherd, Petra Wallem, Abraham F. Born and 
Eduardo  Espinoza (UBC; CDRS, Galápagos; CSIRO, Australia; Brown 
University, Rhode Island, USA; USF, Quito, Ecuador and SARDI Aquatic 
Sciences, Australia) 

A broad spectrum of detailed studies has been conducted in Galápagos marine ecosystems, especially 
during the last eight years. Nevertheless, substantial gaps in knowledge about these unique systems 
were highlighted during construction of a balanced trophic model of a Galápagos rocky reef, using 
Ecopath with Ecosim. This rocky reef model is being used in conjunction with a new ecological 
monitoring programme to refine the existing knowledge of these systems and to help evaluate the 
effectiveness of zone-based fisheries and conservation management in the Galápagos Marine Reserve. 

The Galápagos Archipelago lies in the equatorial eastern Pacific Ocean, about 1,000 km west of the 
coast of Ecuador at the confluence of major tropical warm water currents and cold nutrient-rich 
currents. It consists of more than 130 recently emerged volcanic islands and islets that sit on the 
shallow (<200m) Galápagos Platform, which is surrounded by deep water (>1,000 m). Zones of 
upwelling result from the interaction of the currents with the islands, and the resulting oceanographic 
interfaces within this geography shape a complex and unique marine and coastal ecology. Between 
three and five major biogeographic units have been proposed for the archipelago, but proposed 
schemes require further clarification because the dynamic nature of these regions challenges such 
classification. The largest regional mix of marine species occurs on the central Galápagos shelf, 
including the study area located around Floreana Island. This area is characterized by a particularly 
diverse combination of warm- and cold-water biota. 

Galápagos marine ecosystems face a number of challenges in the coming years despite the recently 
enacted Special Law of Galápagos. Three categories of potential stress and disturbance that affect the 
islands are potentially amenable to investigation using ecosystem models: (1) tourism-related stress, 
(2) commercial fisheries, and (3) oceanographic/climatic changes and cycles. Tourism is legally 
limited in the Galápagos, but the legal capacity is not yet filled, and the number of tourists will likely 
increase considerably over the coming ten years. As a consequence, most residents support tourist 
services, especially on Santa Cruz Island, the most populated island, while many residents of other 
islands such as Isabela and San Cristóbal participate in fisheries. The economic incentives for 
mainland Ecuadorians to emigrate to the Galápagos are high, and although the Special Law formally 
restricts immigration, the number of residents is increasing rapidly.  

Small-scale fisheries feed tourists and residents, but most of the catches are aimed at lucrative foreign 
markets, (e.g., Japan, Taiwan, USA), which drive the growing population of local fishers to deplete 
marine invertebrates and fishes.  There are strong concerns that the ongoing fishing pressure is 
potentially shifting the structure of these ecosystems directly and indirectly, and undermining their 
sustainability. In addition, water quality is jeopardized around urban areas, and overflows from 
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sewage systems increase nutrient levels near the ever-growing population centers. Large and small 
spills occur occasionally when fuel is brought to the islands for delivery to tourist vessels, and visitors 
directly stress coastal biota. Finally, oceanographic and climatic changes, such as the alternating El 
Niño and La Niña phenomena, can profoundly influence the structure of Galápagos marine 
communities. 

A coastal use-zoning plan has been in effect on all the islands since 2000. In this scheme, regulated 
extractive uses, (e.g., fisheries) are allowed along 77% of the coastlines; non-extractive use areas, 
(e.g., tourism) cover 10% of coastlines; fully protected ‘no-take’ areas cover 8%; and special port 
areas cover the remaining 5%. The Charles Darwin Research Station has begun implementing a 
marine ecological monitoring programme that is designed to gather baseline information about these 
unique marine systems and to reveal any biological changes that might be related to the zoning and 
associated changes in human use patterns throughout the islands.  

The rocky reefs around Floreana Island are divided among fisheries, tourism, and fully protected 
zones. The shallow areas consist primarily of hard-bottom sloping lava fields interspersed with sandy 
pocket beaches, as do most of the coastal shores of the Galápagos. These reefs are present all around 
the island, but are subdivided by other habitats such as vertical walls, boulder beaches, sandy beaches 
and mangroves. The region investigated here includes reefs shallower than 20 m deep along the 
eastern, northern and western coasts of Floreana—a relatively homogeneous area that is also 
representative of the central Galápagos shelf region. Reefs in deeper water and soft-sediment habitat 
types were excluded from the current model because of deficiencies in available data. 

A model of the shallow rocky reefs of Floreana, consisting of 43 functional groups, was constructed 
in parallel with the monitoring programme to help evaluate the potential effects of human activities 
and management policies. Input biomass estimates of benthic and demersal fish groups and large 
invertebrates (> 20 mm) are robust because these were derived from site-specific surveys of Floreana 
rocky reef. These middle trophic level groups represent the strong core of the model, and the 
confidence in these estimates is expected to further increase as the programme progresses.  Site-
specific data were also available for pelagic fish groups, birds, turtles, sharks, and marine mammals, 
but resulting biomass estimates (or estimates of dietary proportions originating from the rocky reef) 
are less certain for these more mobile groups because of the haphazard nature of the existing sightings 
data, or knowledge of foraging patterns. Biomasses of macro-invertebrates (0.5 to 20 mm) and lower 
trophic level groups are currently estimated by the model, but empirically-based estimates of primary 
production of benthic macroalgae and phytoplankton are used to anchor, verify, and structure the base 
of the food web. Other input parameters from the literature (e.g., production/biomass and 
consumption/biomass ratios, and diet composition) were derived as proportionally weighted estimates 
for all species in a functional group whenever possible (e.g., most of the fish groups). Diet 
compositions were the least certain type of input parameter because of the paucity of site-specific diet 
data. Examination of the knowledge gaps revealed during model construction enabled adaptive 
refinements to strategies for the continuing monitoring program.  

The initial construction and mass-balancing of this Galápagos reef model indicated that some 
economically and ecologically conspicuous functional groups should be in general decline, including 
the commercially targeted sea cucumber (Stichopus fuscus or ‘pepino’). Declines were first indicated 
because estimated overall mortalities from fisheries, predators, and senescence exceeded this group’s 
estimated production, even when low-certainty input parameters were adjusted to minimize this 
discontinuity in energy flows. Additional analyses of the pepino fishery indicated that the 1999-2000 
capture rate is considerably higher than the optimum sustainable capture rate estimated by Ecosim. 
Spatial simulations of a marine protected area covering 23% of a hypothetical island’s reefs indicated 
that such spatial protection would prevent the rapid extirpation of this species, but the population 
would still decline, stabilizing at only 36% of its current level. The model also shows the mean 
trophic level of the fisheries catch to be unusually low (2.3) in this system because benthos-feeding 
sea cucumbers comprise most of the captured biomass.  
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The implementation of this modelling approach is designed to complement the ongoing baseline 
subtidal monitoring programme in a way that allows refinement of knowledge and management 
through an iterative approach to learning and an adaptive approach to management. The resulting tool 
will provide accessible ‘views’ of the whole system and how it might respond to changes in human 
actions or other stresses, thereby also providing insights into the underlying ecological mechanisms 
operating in the system. 

Fishery-mediated trophic role of small pelagic fish in a tropical marine 
ecosystem  
 
Luis O. Duarte and Camilo B. García (University of Concepción, Chile; and 
Universidad Nacional de Colombia) 

Trophic interactions are one of the determinants of distribution and abundance of organisms. Debate 
as to whether community control is exerted by bottom-up forces, i.e., by resource availability, or by 
top-down forces, i.e., by predation, seems to have reached a consensus, that in general, the two forces 
are dynamically linked within food webs. 

In many marine ecosystems, particularly in upwelling regions, there are often a few small plankton-
feeding pelagic fish species that occupy an intermediate to low trophic level. Species diversity above 
and below this trophic level tends to be high. The small pelagic fish are called forage fish because 
very often they contribute substantially to fishery catches and to diets of predators. 

The above description applies to the fishery resources of the Gulf of Salamanca, a tropical region on 
the Caribbean coast of Colombia. The Gulf of Salamanca hosts a rich marine fauna and flora. The 
most important small pelagic fish is the Atlantic anchovy (Cetengraulis edentulus), which represents 
more than 55% of total landings. 

A mass-balanced Ecopath model for the Gulf of Salamanca was constructed with 18 trophic groups. 
On the basis of the balanced Ecopath model, dynamic simulations were performed using the Ecosim 
programme, which re-expresses the linear equations that describe equilibrium conditions in Ecopath 
as differential equations, allowing the exploration of a variety of harvest regimes. In Ecosim, each 
prey pool is viewed as a composite of biomass that is either available or unavailable to each consumer 
at any moment in time. The rate at which biomass changes state from unavailable to available to 
predators is a function of the vulnerability ratio, which ranges from 0 to 1. 

Scenarios for small pelagic fish were constructed with vulnerability ratios of 0.1 (bottom-up control), 
0.5 (mixed trophic control) and 0.9 (top-down control), and catch rates of 0, i.e., returning all biomass 
lost to fishing to the ecosystem, 'base' (fishing mortality rate = 0.833) and infinity (fishing mortality 
rate = 3.0), i.e., causing the extinction of small pelagic fish from the ecosystem. Because small pelagic 
fish feed on zooplankton, the impact of changing zooplankton vulnerability to small pelagic fish 
(vulnerability ratios 0.5 and 0.9) was also explored. 

Dynamic changes in the biomass of small pelagic fish caused reorganisation of the biomass of higher 
trophic-level organisms but not of lower trophic-level organisms (plankton). This was attributed to 
bottom-up control of pelagic predators, which are the top predators and have a diverse diet, by small 
pelagic fish. Although small pelagic fish make the greatest contribution to the fishery, their 
contribution as food for these predators is 2.64 times higher. The model showed little impact of the 
small pelagic fish on plankton, although plankton is their main food.  
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The fishery mediates 19.7% of total mixed trophic impact, 30.5% of total positive impact and 9.1% of 
total negative impact (excluding self-impact). Thus, fishing in this system represents a very powerful 
force. 

In the infinite catch rate scenario, the biomass of the different groups undergoes reallocation. This 
reallocation occurs independently of the vulnerability ratios assayed because the extirpation of small 
pelagic fish from the system occurs so rapidly. The disappearance of small pelagic fish brings about a 
large reduction in total landings and economic value, reinforcing the view of small pelagic fish as 
forage fishes. Three categories of groups emerge from these simulations: groups that do not change, 
groups whose biomass decreases and groups whose biomass increases. Under the regime of zero catch 
of small pelagic fish, vulnerability ratios of small pelagic fish and zooplankton do affect the biomass. 

Groups that do not change under any circumstance (not even when zooplankton is made highly 
vulnerable to small pelagic fish) include phytoplankton and zooplankton, which, however, constitute 
90% of the diet of small pelagic fish in the base model. In general, the groups whose biomass does 
change in extreme simulated harvest regimes do so in an inverse way: most of the groups whose 
biomass decreases in the scenario of infinite catch rate increase their biomass in the zero catch rate 
scenario. 

When zooplankton vulnerability (v) to small pelagic fish is high, small pelagic fish biomass increases 
more than when zooplankton vulnerability is low, with all the associated consequences in the system 
of a high biomass of small pelagic fish. With increasing vulnerability of both small pelagic fish and 
zooplankton, the system becomes unstable, in particular under the combination v = 0.9 for both small 
pelagic fish and zooplankton; in that case, simulations must be run for a 100-year period to reach 
stability in the biomass trends over time. This result suggests that in nature, vulnerabilities are 
relatively low. 

Overall, the results indicate that small pelagic fish play an important role in this ecosystem because 
perturbations of their biomass (brought about by fishing) propagate through the upper part of the 
system. However, these fish have little effect on the lower trophic-level groups. By extension, the 
postulated crucial role of intermediate trophic levels occupied by small pelagic fish in temperate 
upwelling regions may not have a full equivalent in tropical regions. 

Contributions to the study of trophic relationships in the southern neritic 
region of the Colombian Pacific  
 
Carlos E. Fernandez (Invemar, Colombia) 

A preliminary trophic model, using Ecopath with Ecosim software, has been developed for the 
southern neritic subarea of the Pacific Ocean of Colombia (6344 km2), located between the seaport of 
Buenaventura and the border with Ecuador, to determine the energy flow and trophic relationships 
within an exploited community of benthic and pelagic fish and invertebrate species. The area is 
influenced by the outflow of several rivers and the effects of a large quantity of discards from the 
shrimp fishery.  

The biomass of 12 of the 13 species groups (excluding detritus) used as biological variables, was 
obtained from three oceanographic sampling surveys (November-December 1997, June 1998 and 
November 1998) in the study area. Some climatic and production variations were observed during El 
Niño and La Niña events during this period. Data on fishery catches were available for 1996 to 1998. 
The variables needed to determine empirically the parameters for the ratios of consumption to 
biomass and production to biomass for invertebrates were taken from the processed samples of this 
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study. Some data on sustainable catch levels for marine resources, on detritus and phytoplankton, and 
on invertebrate diets were taken from the literature. The integrated model consisted of 18 functional 
compartments: 8 fish groups, 7 invertebrate groups, two primary producer groups and one detritus 
group. Several of these groups are heavily exploited (shrimp, molluscs, sharks, demersal fish and 
pelagic fish) or discarded (mostly small fish and invertebrates). The marine invertebrates, mainly 
macrofauna and microcrustaceans, contribute significantly to the transfer of organic energy from 
detritus to higher trophic levels. Five trophic levels were represented, with low relative flow in the 
uppermost levels. The highest trophic level was 3.6, for the group of snappers and jacks.  

The model has been partially verified and most variables have provided some reasonable results, 
although it still under construction and has not yet been validated.  The main problem is to achieve 
correct balancing of the model according to the time period when the study was done. However, the 
results to date have provided a better understanding of this neritic ecosystem within the eastern Pacific 
Ocean. 

Trophic flows in a tropical coastal ecosystem: the southern Pacific Ocean of 
Colombia  
 
Raúl Hernando López Peralta and Carlos Alberto Trujillo Arcila 
(Universidad de Los Andes, Colombia) 

Subsistence fisheries are important for communities on the Pacific coast of Colombia. We made a 
preliminary analysis of the southern continental shelf of this coast as a basis for future management of 
fisheries in this area. The area has a mean depth of 60 m from 01°29'N to 03°28'N and extends about 
20 nautical miles from the coast, covering approximately 6,142 km2. In this area are found the most 
important fisheries and the largest urban centres, the Buenaventura and Tumaco harbours. On the 
outer edge is Gorgona Island, near which are the most important coral reefs of the Colombian Pacific. 

A preliminary trophic structure for the area was obtained using the Ecopath software (version 4). Data 
for the model were collected in December 1997 during an ENSO event; we defined 11 fish, 9 
invertebrate, and two producer (phytoplankton and benthic algae) groups. The model includes also a 
compartment for detritus. The biomass of algae and phytoplankton in the area was low, mainly as a 
result of the strong continental influence in the study area. However, there was a high level of 
interdependence and complex trophic relations among the other groups.  

Diet compositions of the fish species analysed showed that 65% were demersal, 20% reef-associated, 
11% pelagic, and 4% benthopelagic. However, within groups there was a broad trophic range in the 
diets, suggesting correspondingly broad habitats. Interestingly, there was a lack of phytoplankton 
predators. The trophic web was found to be shorter than that in other marine systems, because the top 
predators consumed not only fish but also a large variety of benthic organisms; the importance of the 
latter is seen in their great importance as food items and consequently in the energy flows. The 
detritus biomass accumulation estimated by the software was 1,809 t km-2·year-1, indicating that 
during the study period, detritus was more important than phytoplankton. This was also seen in the 
biomass (23%) and number of fish species with detritus in their diets (30%), the lack of phytoplankton 
in the diets, and the absence of herbivorous fishes (94% were carnivores and 6% omnivores). Only 
about half (56%) of the invertebrates (5 groups) consumed phytoplankton. Of the total system 
throughput, 79% went to detritus, 13% was consumed and 8% was used in respiratory processes. 
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Trophic structure as an ecological tool for assessing coral reef ecosystems
  
J. Ernesto Arias-González, Enrique Nuñez-Lara, Carlos González-Salas and 
René Galzin (IPN; and Université de Perpignan, France) 

Preliminary results suggest that comparative analysis using trophic structure macrodescriptors i.e., 
fish biomass and production indices, may provide a useful measure of anthropogenic impact in coral 
reef ecosystems. These macrodescriptors can reflect not only the coral reef’s condition, but also the 
ecosystem’s functional response to impact.  

 We compared general trophic models of three coral reef complexes in the Mexican Caribbean. Two 
reefs are in a semi-protected area (Boca Paila 20°08’N, 87°28’W; Tampalam 19°08’N, 87°32’W); the 
third is subject to much higher exploitation (Mahahual: 18°43’N, 87°41’W). The three mass-balanced 
models were derived from biomass density data obtained directly from field measurements (fish 
census) and from published data for other taxonomic groups. Initial parameters for the three different 
subsystems (habitats) were calculated using Ecopath software. Comparisons of model outputs were 
made to establish differences between ecosystems that were semi-protected and unprotected from 
fishing activities.  

Net primary production, total production and biomass estimates were higher for Boca Paila and 
Tampalam reefs than for Mahahual. This was also true for estimated total system throughput 
(consumption, respiration, flows into detritus) as well as biomass of fish (by trophic class), 
heterotrophic and autotrophic benthos, zooplankton and microfauna. 

Overall net primary production was similar for Boca Paila and Tampalam reefs, and three times 
higher than that at Mahahual reef. Fish production in Boca Paila was nearly twice that at Tampalam, 
and four times that at Mahahual. Tampalam had the highest estimated production of shelled 
invertebrate feeders. This was notably increased by heterotrophic benthos production, which resulted 
in the high net primary production and total production for this system. Estimated biomass by trophic 
level was higher in Boca Paila and Tampalam reefs than in Mahahual reef. 

We concluded that trophic macrodescriptors can guide us towards hard-to-detect negative effects of 
coral reef management, help in decision making, and bring to the fore effects that global structural 
descriptors (e.g., total fish biomass, diversity indices) do not detect. 
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Simulating community effects of sea floor shading by plankton blooms over 
the West Florida shelf  
 
Thomas A. Okey, Gabriel A. Vargo, Steven Mackinson, Marcelo 
Vasconcellos, Behzad Mahmoudi and Cynthia A. Meyer (UBC, Canada; 
University of South Florida, USA; Centre for Environment, Fisheries and 
Aquaculture Science, UK; Universidade do Rio Grande, Brazil; Florida 
Marine Research Institute, USA; and Rosensteil School of Marine and 
Atmospheric Science, USA) 

Phytoplankton blooms are becoming increasingly conspicuous along the world’s coastlines, and the 
toxic effects of these blooms have become a focal point of concern. It is well known that nutrient 
enrichment often causes phytoplankton blooms, which decrease water transparency, but almost 
nothing is known about the effects of such light regime changes on whole communities on the 
continental shelf.  

Benthic primary production is underemphasised in marine ecosystems because phytoplankton 
generally is the main source of primary production, but macrophytes and microphytobenthos are now 
becoming recognised as major contributors to overall continental shelf primary production. In theory, 
shading by nutrient enrichment along coastal zones can shift communities from assemblages that rely 
on benthic primary production towards those that rely on planktonic primary production. To examine 
this hypothesis on the West Florida shelf, we explored water transparency trends, and developed 
simulations of community-wide effects of seafloor shading by phytoplankton blooms. 

A search and analysis of the literature showed general increases in primary production in the vicinity 
of the West Florida shelf between the early 1970s and the early 1990s. Another analysis of 
environmental data collected during the Southeast Area Monitoring and Assessment Program 
ichthyoplankton surveys indicated that Secchi depth generally declined between the early 1980s and 
the early 1990s, and that surface turbidity generally increased between 1993 and 1999 in an area of 
the West Florida shelf we examined (the Hemingway Quadrant), while turbidity in the middle and 
deeper water column generally decreased This indicates that shading by surface phytoplankton might 
be increasing on this shelf.  

Potential effects of shading by phytoplankton blooms on community organisation were explored 
through a series of shading simulations using a balanced trophic model of the West Florida shelf 
ecosystem using Ecopath with Ecosim. This shelf covers over 170,000 km2, extending  more than 200 
km west from the intertidal zone to the 200 m isobath across a very gentle slope. The Ecopath model 
of this system contains 59 functional groups that incorporate all living and detrital components of the 
system. It features 29 fish groups, 17 invertebrate groups, two mammal groups, one turtle group, one 
bird group, four detritus groups (covering both water column and sea floor), and one microbial 
heterotroph group, but it is the explicit articulation of four primary producer groups that enables 
shading simulations. The Ecopath model of the West Florida shelf was constructed by combining 
extensive literature reviews of local, regional and global information with a coordinated collaboration 
of marine scientists with expertise in West Florida shelf biota. This programme was conducted during 
2000 as the focal point of a research and synthesis initiative by the Florida Fish and Wildlife 
Conservation Commission.  

Seven scenarios were developed to investigate community-wide effects of shading interference of 
benthic primary producers by phytoplankton blooms (each run for 30-year periods): 

• Shade microphytobenthos 
• Shade macroalgae 
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• Shade seagrasses  
• Shade all three benthic primary producer groups 
• Shade all three and include prey protection effects of biogenic structure 
• Shade all three and include enrichment of phytoplankton production 
• Shade all three; include refuge effects; include phytoplankton enrichment  
The benthic primary producers were estimated to make up 35% of the overall primary production on 
the West Florida shelf, with microphytobenthos accounting for 10%, macroalgae 2%, and seagrasses 
23%. The inclusion of the previously underestimated benthic component of primary production helps 
resolve a long-standing dilemma typically encountered while attempting to balance whole food web 
models—the apparent lack of adequate energy to support higher trophic levels. Benthic primary 
producers, particularly macroalgae, might remain somewhat underestimated in this model. This would 
lead to an underestimation of the broader community effects of phytoplankton shading in the suite of 
simulations.   

The biomass of almost every functional group in the system was predicted to decline when shading 
mortality on benthic primary producers was simulated without including concomitant refuge effects of 
biogenic structure or enhancement of phytoplankton. Of the 55 living groups in the model, only 
phytoplankton, small copepods, ichthyoplankton, and carnivorous jellyfish never declined as the 
result of the specified simple seafloor shading mortalities. These were the only groups in the model 
whose food sources originated entirely with phytoplankton (and detritus). 

Groups that obtain most of their energy from planktonic pathways increased when shading impact and 
associated habitat degradation were complemented by enhanced phytoplankton production. The 
overall effect of the simulated bloom-associated shading resembled a trophic cascade where the 
number of full cycles of biomass gains and losses was approximately equal to the number of trophic 
levels in the system (4.7). Groups predicted to decline as the result of shading by plankton blooms 
include seabirds, manatees, and a variety of demersal and benthic fishes and invertebrates. Some 
counterintuitive predictions of decline (mackerel, seabirds, and surface pelagic fish) resulted because 
these groups are actually somewhat dependent on benthic primary production.  

The simulations using the West Florida shelf Ecopath model can help reveal and explain such 
apparently counterintuitive processes operating in a food web. Enriched phytoplankton production 
and subsequent decreases in water transparency might adversely affect the abundance and 
composition of some forage fish communities and the suite of commercially and recreationally 
important organisms they support, because a portion of the diet of some species within these forage 
fish functional groups originates with benthic primary production. Thus, counterintuitive results 
indicating surprising dependencies that forage fish and other organisms might have on benthic 
primary production should be of great interest to Gulf States fishery managers and the public.  

The high production of microphytobenthos has far-reaching consequences on the organisation of 
quantitative and conceptual energy flow models of most nearshore systems. For example, many 
species traditionally categorised as detritivores could now be considered herbivores. A large 
proportion of the energy and nutrient requirements of benthic organisms can be met by 
microphytobenthos, a relatively high-quality and fast-growing food, rather than by dead organic 
detritus, a lower quality and less biologically available food. Most benthic detritus feeders and deposit 
feeders eat microphytobenthos, from microfauna (e.g., ciliated protozoans) to the suite of meiofaunal 
and macrofaunal species (and phyla) like amphipods and polychaetes (i.e., fish food) to megafaunal 
invertebrates like holothurians, gastropods, asteroids, crabs and shrimps. Furthermore, suspension 
feeders and zooplankton consume microphytobenthos that is re-suspended by wave surge or 
bioturbation. 

The most conspicuous pattern revealed in this series of simulations is a shift in community 
composition away from organisms that obtain most of their energy from benthic primary production 
pathways, and towards organisms that obtain most of their energy from planktonic primary 
production. 



ACP-EU Fisheries Research Report (12) – Page  57 

The northern Benguela ecosystem: changes over three decades: 1970s, 
1980s and 1990s  
 
Johanna J. Heymans, Lynne J. Shannon and Astrid Jarre (UBC; Marine and 
Coastal Management, South Africa; and North Sea Centre) 

The northern Benguela ecosystem extends from 15oS to 29oS in the Southeast Atlantic Ocean. The 
system is bounded by the Angolan gyre in the north, which is considered to form part of the Angolan 
ecosystem, and extends to south of the Lüderitz upwelling centre. As with most upwelling systems, 
the northern Benguela ecosystem is very productive and its living marine resources have been 
exploited for nearly a century. Historically, the system has been very important as a fishing ground in 
the southern African region, and was controlled by South Africa until 1990 when Namibia became 
independent and took control of the fishing industry and fisheries research.  

Trophic flow models of the northern Benguela ecosystem were constructed and analysed using 
Ecopath with Ecosim Version 4. The system was modelled for three time periods (1971-1977, 1980-
1989, and 1990-1995) based largely on modifications to previous models for standardisation 
purposes, with incorporation of new data. 

The results highlighted some dramatic changes that the northern Benguela ecosystem has undergone 
over the past three decades. In the 1970s, the system sustained high catches and had large populations 
of a few planktivorous fish, (mainly anchovy and sardine). In the 1980s, the planktivorous fish species 
expanded (anchovy, sardine, horse mackerel, mesopelagic fish and other small pelagic fish) and 
catches remained high; the system was very resilient and connected. Transfer efficiencies to higher 
trophic levels were still high during the 1980s. Finally, in the 1990s, the system was severely stressed, 
catches were much lower, the system had lower resilience and omnivory was reduced, most of the 
energy flowed through few pathways, and energy was not transferred as efficiently up the trophic 
chain as in the 1980s. The structure of the ecosystem also changed: from a system dominated by 
anchovy and sardine in the 1970s to one of increased dominance of other planktivores: horse 
mackerel, mesopelagic and other small pelagic fish in the 1980s, and jellyfish and horse mackerel 
with a small increase in sardine in the 1990s. The increase in sardine catches in the 1990s compared to 
the reduction in total catches during that time is reflected in the lower mean trophic level of the 
fishery in the 1990s. The fishery operated at the highest trophic level during the 1980s and there are 
some indications of “fishing down the food web” in this ecosystem between the 1980s and the 1990s. 

The trophic levels of some of the key species in this ecosystem changed over these three decades. 
Anchovy and sardine fed at higher trophic levels in the 1990s than in the previous two decades, while 
some of the secondary consumers, such as chub mackerel, large pelagic species, hake, other demersals 
and marine birds fed lower in the foodweb than in previous decades. Catches decreased marginally 
from the 1970s to the 1980s, but then more noticeably in the 1990s, due to both natural effects and 
strong fishing pressure. This is reflected in less primary production being required to sustain the 
fishery in the 1990s. The high catches of sardine and hake in the 1970s are reflected in the high 
primary production required (PPR) by those groups, and the high catches of horse mackerel in the 
1980s is shown by the high PPR for horse mackerel. The overall PPR for the fishery was highest in 
the 1980s, when the system was fished at nearly the same intensity as the 1970s, but the species taken 
were from higher trophic levels, requiring larger concentrations of primary production for their own 
existence. 

The system increased dramatically in biomass, throughput, systems omnivory and resilience in the 
1980s, probably due to favourable environmental conditions, but was severely depleted in the 1990s, 
both due to overfishing and environmental changes. These changes are seen in the reduced primary 
production required to support the catches and predators and in the reduced cycling and overhead in 
the 1990s. The importance of ecosystem-environment interactions are highlighted by the abundance 
of horse mackerel, mesopelagic and small pelagic species, and hake in the 1980s and the reduced 
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biomass of most species in the 1990s, not only due to overfishing, but also due to the Benguela Niño 
in 1995.  

Structure and dynamics of the marine fisheries off Cameroon  
 
Theodore Djama (Fisheries and Marine Sciences Research Station, 
Cameroon) 

Abstract 

Coastal fisheries in Cameroon produce lots of goods (employment) and services  (high quality food) 
to the population. Using the Ecopath model it has been possible to describe the structure of the coastal 
marine ecosystem off Cameroon and to explore its dynamics. The results show significant interactions 
at all trophic levels, through a uniform predation pressure on approximately all ecological groups. 
Small clupeids (Ethmalosa, Sardinella, and others) were found to be heavy feeders, consequently 
management of this group should include environmental conditions as they rely mostly on primary 
producers. Small pelagics, sciaenids and shrimps constitute the main groups that are affected by a 
high predation mortality; care should therefore be taken on these groups to understand the effects of 
depensatory mortality due to high predation. Also, the mean trophic level of the fishery indicates 
serious overexploitation of the resources. Further, because significant interactions do exist within 
various ecological groups in the ecosystem, this work has demonstrated the extend to which people 
could be fundamentally biased when using single-species management approaches for biodiversity 
conservation and/or management as it has been the rule in the past. More studies are required to 
improve upon the knowledge of the dynamics of this important ecosystem especially morphometric 
characteristics of fish species, plankton (biodiversity) assessment and food habits of the fish 
population. 

Introduction 

There are no fish species living in isolation; all interact with other species as prey, predator or 
competitor for space or food. Few fisheries are directed solely at a single species, and in an area, there 
are usually a number of distinct fisheries exploiting a different mix of species. The idealised situation 
of a single fishery exploiting a single species is a poor description of what happens in practice. It can 
therefore be expected that management would be better if the interactions between species were taken 
into account (Gulland, 1989). There is growing evidence from data as well as from a theoretical 
viewpoint, that species interactions can adversely affect the whole dynamics of a fishery (Gulland, 
1989; Hilborn and Walters, 1992).  

In Cameroon, fisheries resources are exploited both by the artisanal and the commercial fisheries. 
Various stock assessment studies (Ssengtongo and Njock, 1987; Djama and Pitcher, 1989; Djama, 
1992; Djama, 1999) on these resources indicate a reduction of the catch per unit effort (CPUE) over 
the years especially for the demersal resources. More over, some species formerly abundant in catches 
are nowadays almost extinct. Further, environmental threats such as the industrial development of the 
country through construction of new port infrastructures, new platforms for petrol exploitation, the 
misuse of fertiliser in coastal agro-industrial plantations as well as destruction of the mangroves, in 
addition to over-capitalisation of the fishing industry certainly contribute to that reduction of the 
CPUE. Due to the importance of the fishery sector in Cameroon with regard to its contribution toward 
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provision of high value protein food, employment generation and income earning for the country, this 
paper is meant to put explore how knowledge of trophic interactions between fish species or species 
groups exploited may help improve management parameters necessary for the sustainable exploitation 
of these important resources.  

Material and methods 

The fisheries in Cameroon are multi-species fisheries thus, the bulk of species caught has been 
arranged to fit 10 ecological groups including: sharks, large pelagics, various pelagics, phytoplankton, 
zooplankton, clupeids, sciaenids, shrimps and benthos. 

The shark group includes sharks and other top predators, large pelagics are represented mainly by the 
family of sphyraenidae, various pelagics include zoobenthic carangidae, clupeids feeding on 
phytoplankton (especially Ethmalosa fimbriata), other clupeids feeding on zooplankton (especially 
Sardinella maderensis), sciaenids are represents of the sciaenid community as described by Longhurst 
(1969), shrimps are constituted by two important species, Nematopalaemon hastatus and Penaeus 
notialis and finally benthos which represents fish living close to the bottom such as soles and rays. 

Data used for the analyses are the diet composition of the main exploited groups, biomass estimates of 
some species such as sciaenids and small pelagics, and annual catch statistics of the fisheries. Two 
fleets were included in the model, industrial fishery and artisanal fishery. Some information on the 
diet composition were also taken from FishBase (www.fishbase.org). 

Ecopath with Ecosim version 4 alpha model as described by Christensen and Pauly (1992) was used 
to describe the structure of the coastal ecosystem of the marine fisheries off Cameroon. Basically the 
approach is to model an ecosystem using a set of simultaneous linear equations, one for each group i 
in the system. When the model is balanced, it is assumed that various estimates of biomass and 
turnover rates are mutually compatible and represent a possible picture of energy flow in the system 
in the given year under study. In such a balanced system, it is possible to assess direct trophic 
interactions, (i.e., predation and fishery) by analysing partial mortality coefficients of the prey groups. 
An additional assessment of indirect trophic interactions, e.g., competition, is possible by mixed 
trophic impact analysis (Ulanowicz, 1995). This approach assesses the relative impact that the change 
in biomass of a given group would have on the biomass of the other groups of the system under the 
assumption that its trophic structure does not change. 

Results and discussions 

The food intake by small pelagics is higher than that of the other groups. This result is not surprising 
as these small pelagics have a low food conversion efficiency. They therefore need to eat a lot in order 
to maintain themselves in equilibrium within the system. These species are r-strategists (MacArthur 
and Wilson, 1967), relying for their persistence on the ability to colonise new habitats (seasonal 
migrations) and increase rapidly to make use of short-lived resources. As these species rely on 
primary production, care should be taken to include environmental factors into their management. 

The ecological groups of small pelagics, sciaenids and shrimps constitute the most important groups 
that are exported or eaten within the coastal ecosystem (not considering phytoplankton and 
zooplankton groups). Since these groups are being overexploited by the existing fisheries, predation 
depensatory mortality is more likely to occur in these groups. This result calls for immediate attention. 

In general, the results show that no ecological group is really a specialised feeder as almost all groups 
feed on two or more trophic levels. This result indicates the existence of strong trophic interactions 
between ecological groups leading to a system that may accommodate changes in prey abundance and 
consequently secure its stability. In fact it is well known that tropical marine systems tend to display a 
more uniform predation pressure. This characteristic is partly responsible for the relatively large 
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number of species therein encountered, and confer conditions to more or less a steady-state system 
(Jones, 1982). 

Results from Ecopath shows that the mean trophic level of the catch is 3.10. Compared to many other 
systems, this value is very low, suggesting that the fisheries are probably suffering from 
overexploitation. In fact, the average size of fish in the landings over 16 years been reduced by 
approximately 25%. The CPUE has also decreased, and these observations support the conclusion that 
the low trophic level of the fishery is associated with overexploitation. 

Predation mortality is higher on the groups of phytoplankton, zooplankton, shrimps and sciaenids. 
Management options for the conservation of shrimps and sciaenids groups, which are targets of the 
fisheries should consider the significant predation mortality. 

The overall gross efficiency value of the system (catch relative to primary production) is 
approximately 0.004. This relatively low value can be explained either by the fact that the input value 
of the primary production is overestimated or that catch statistics are underestimates. 

To assess the effects that changes in biomass of a group will have on the biomass of the other groups 
in our ecosystem, we looked into the results of the mixed trophic impacts. Indications for sharks were 
that this group positively affects prey such as are large pelagics, other pelagics and sciaenids. The 
phytoplankton and zooplankton will be negatively affected. The sciaenids, which are the target 
demersal species of the industrial fishery, positively affect small pelagics and shrimps which are 
target groups of both the artisanal and the industrial fisheries. This result is interesting as it establishes 
a link between the artisanal and the industrial fisheries. Management of one fishery should consider 
the existence of the other. 

In conclusion, this preliminary work has enabled construction of a model of the coastal marine 
ecosystem of Cameroon and an exploration of its dynamics. Results obtained so far indicate strong 
interactions between trophic levels through a more uniform predation pressure between ecological 
groups. Further, this work has underlined the importance of the conservation and monitoring of the 
environment as fishery yields and primary production (phytoplankton) has been found to be intimately 
linked. 
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A Tropic Ecosystem Model of a West African Shelf, Sierra Leone   
 
Percival A.T. Showers (Univ. of Sierra Leone) 

A mass-balance model of the 25,000 km2 Sierra Leone shelf is presented, using the software Ecopath 
with Ecosim in an analysis comprising 20 functional groups, of which 11 are single families including 
the most important species in the fisheries of this area. Net primary production (PP) and total 
PP/biomass were estimated at 32.8 t wet weight km-2·year-1 and 10.3 year-1, respectively. The analysis 
has provided new estimates to compare with previous data obtained from trawl and acoustic surveys, 
in an ecosystem context that also allows for a follow-up on Alan R. Longhurst’s earlier work on the 
productivity and energy flows of the various biotic groups of the Sierra Leone marine ecosystem, (see 
Longhurst and Pauly, 1987).  

Comparisons show that the biomass estimates obtained in this analysis were in most cases consistent 
with those obtained from the demersal trawl surveys of the joint Sierra Leone - Soviet research 
conducted in 1976-1990. Biomass estimates (all in t·km-2) from this analysis and from the cruises 
were: for sharks, 0.03 and 0.043 respectively; for intermediate predators, 0.52 and 0.27; Sardinella 
aurita, 0.56 and 0.37; small carangids, 0.55 and 0.30; and large carangids, 0.45 and 0.55, respectively. 
The estimates were lower for sparids (0.25 and 0.60). 

This investigation has also provided biomass estimates for taxonomic groups for which there were 
previously no available estimates: for shrimp, 6.3; carangids, 0.997; skates and rays, 0.072; and 
cephalopods 0.091. The shallow depths of some of their habitats and the rocky nature of a large 
portion of the Sierra Leone shelf had made it impossible to estimate biomasses for these and many 
other species during the research surveys. 

Estimates of biomass for groups such as cephalopods (predominantly Sepia officinalis), Ariidae, 
Pseudotolithus spp. and Pomadasyidae that are found predominantly nearshore were much higher than 
previous estimates, probably because of the inadequate coverage of these inshore areas in earlier 
investigations. The biomass (all in t·km-2) of Sardinella maderensis and Galeoides decadactylus in 
this and earlier analyses, for example, were 1.37 vs. 0.10, and 0.25 vs. 0.025, respectively. Sardinella 
aurita (an offshore clupeid) here showed a biomass of 0.56 t·km-2, or just under half that of S. 
maderensis (an inshore clupeid). 

Since there are no published biomasses for the benthos, zooplankton and phytoplankton, the model 
uses, for approximate input, much data from Longhurst’s earlier carbon budget for the Sierra Leone 
shelf, (see Longhurst and Pauly, 1987).  

Shrimps provide the main diet for many of the demersal species and sustain the yields of a stressed 
and intensive trawl fishery. A biomass of 6.7 t·km-2 was estimated for shrimps, as a first estimate 
attempted for this important commodity on the Sierra Leone shelf. A modest production to biomass 
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ratio (P/B) of 4.0 year-1 was assumed, from the Gulf of Mexico, and also a consumption to biomass 
ratio of 19.2 year-1. The total net PP is estimated at 2572 t·km-2 ·year-1.  

In his estimation of primary production, A. Longhurst based his argument in favour of 14C data 
provided by Allen, as against those using the oxygen technique of Bessonov and Fedosov. (The latter 
were six times higher than the former.) Test runs of these two sets of data in the present model 
provided decisive results: the oxygen-based data were better accommodated, and the results show 
even higher values. 

Inshore phytoplankton biomass (7.9 t·km-2) is almost three times higher that that from offshore (2.7 
t·km-2), but P/B for the offshore was seven times higher than for the inshore phytoplankton. The 
model also provided zooplankton biomass estimates: 0.472 t·km-2 and 5.487 t·km-2 for inshore and 
offshore areas, respectively. 

The model estimates the mean trophic level of the fisheries at 2.72, which is below the level of the 
bulk of the pelagics, i.e. of the sharks and the clupeids. Total fishery catches were 3.8 t·km-2 ·year-1, 
and this yielded a very low system gross efficiency of 0.00158. The estimates of mortalities from this 
analysis have shown reasonably acceptable exploitation ratios, E (= F/Z) values for a few groups: 
sharks, 0.40; intermediate predators, 0.54; S. maderensis, 0.56; and cephalopods, 0.40. For the vast 
majority of the remaining groups, the E values are suspiciously low, which is probably attributable to 
considerable underestimation of actual landings. 

Shrimps had positively impact on many groups, especially demersals, skates and rays, balistids 
pomadasyids, sciaenids, serranids, carangids and the intermediate predators. Negative impact was 
observed for Ariidae and offshore benthos. Sparids had negatively impact on serranids, lutjanids and 
cephalopods. 

Ecosim scenarios over 10-year periods were tested to observe the expected changes in biomass when 
relative fishing rates (F’) were increased or decreased. The results show that Pseudotolithus spp., 
shrimps, and skates and rays were the most vulnerable to changes in F’, while clupeids, sparids and 
carangids were the most resilient. 

With F’ = 1.0, both clupeids and carangids show steady increases in biomass into the 3rd and 4th years 
then level off. Carangids, lutjanids and Arius spp. decreased to about 0.75 of their original biomasses 
(Borig) until the 3rd-4th year then recovered to Borig. Skates and rays decreased sharply to 0.5 of their 
Borig in the 1st year and remained at about that level to the end. Pseudotolithus was most hard-hit and 
completely disappeared by the 2nd year. 

At F’=1.25, all species except the clupeids and sparids showed decreases to Borig = 0.5 within the first 
two years; carangids showed signs of recovery only in the 8th year. At F’ = 0.75, clupeids and sparids 
showed increases above their Borig values while lutjanids and small carangids recovered from their 
earlier decrease to rise above their Borig  in the 4th year. 

The model developed here is still of a preliminary nature, and needs a more complete data extraction, 
description and analysis. It is considered, however, that the model when further developed may serve 
as a tool for addressing management issues related to the Sierra Leone fisheries.  
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Trophic modelling of the Senegal-Gambian upwelling system  
 
Taib Diouf, Birane Samb and Asberr Mendy (CRODT; and Fisheries 
Department, The Gambia) 

The Senegambian continental shelf has an area of about 27,600 km2 and lies between latitudes 15°N 
and 11°S in the eastern Central Atlantic. It is located in an area that is affected seasonally by an active 
upwelling from November through May. The upwelling supports a very rich fauna, which is 
extensively exploited by both artisanal and industrial fisheries. There is a need to ensure sustainable 
exploitation of the resources. Standard research tools were in the past used to manage these important 
resources. 

We developed a model using Ecopath with Ecosim, based on trophic relations between and within 
functional groups of the Senegambian ecosystem. Secondary data were obtained from recent 
publications and information from research institutions that have worked in this region.  

The model showed that the main consumption in the Senegambian upwelling system is associated 
with small coastal pelagic fish and zooplankton. This observation is similar to that made in other 
ecosystems, particularly in Peru, the Benguela ecosystem, and north-eastern Venezuela.  

By definition the phytoplankton and detritus groups form trophic level 1. The zooplankton are located 
at levels 2 - 2.5. As in the Peru ecosystem, coastal pelagic fish occupy trophic levels 2.5 – 3. 
However, in contrast with Peru, only the deep-sea demersal fish are at level 3.5. The coastal demersal 
species are at level 3. The large predators and cephalopods are at trophic levels between 3.5 and 4.0. 

In most cases, each trophic group has a positive impact on most of the species that feed on it. The 
average trophic level of catches, estimated by the model at 2.87, is low when compared with that of 
similar ecosystems. As in upwelling ecosystems previously described, most of the biomass and 
production is found in the pelagic groups. The most important flux is that between the phytoplankton, 
zooplankton and coastal pelagic fish, although overall the Senegambian ecosystem is mainly 
structured around the sardinellas. 

The Senegambian ecosystem has a high maturity index with a ratio of primary production to 
respiration of 3.0 and a primary production to biomass ratio of 76.4. The abundance of phytoplankton 
and zooplankton forming most of the sardinella prey explains the abundance of sardinellas, the 
populations of which, although they have been the subject of large-scale fishing, have remained fairly 
stable for many years. 

In the area of study, there is overfishing of most of the coastal demersal species. However, a transfer 
of effort to other species such as sardinellas, whose abundance and relative stability are regularly 
highlighted by acoustic monitoring surveys, must be carefully analysed, considering the role of these 
species in maintaining the trophic chain.  
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An Ecopath model of the southeastern Spain, Mediterranean   
 
Sonia Rodríguez-Ruiz and José Luis Sánchez-Lizaso (Universidad de 
Alicante, Spain) 

Posidonia oceanica seagrass meadows have an extensive distribution on the Mediterranean coasts and 
are important for both commercial and sport fishing. The fish that inhabit Posidonia meadows and the 
function of this habitat for foraging and shelter remain relatively unknown. Posidonia meadows are 
seriously degraded by fishing and studies on the impact of fishing on the ecosystem are required.  

Models representing the ecosystem can describe the biomass flows between the different exploited 
elements, and can provide insights to questions regarding the likely outcomes of alternative fishing 
policies. The trophic context of resource species provides powerful insights for estimation of 
biomasses and of the fluxes that occur between trophic groups.  

A trophic model using Ecopath with Ecosim of the Alicante coast (southeastern Spain) was 
constructed using published quantitative and qualitative information on the various components of the 
ecosystem. The area covers approximately 32 km2.  Twenty-nine functional groups were defined and 
their parameters expressed as yearly estimates. For each species, the following parameters were 
entered: diet composition (defining all trophic linkages expressed by the fraction that each species in 
the model represents in the diet of its consumers as well as its own food consumption), 
production:biomass ratio, consumption:biomass ratio, biomass and fisheries catches. For each group a 
weighted mean was calculated as a function of the proportion of the species in the group. A Pianka 
overlap index (slightly modified in Ecopath) was used for quantifying the extent of species overlap.  

The results showed that Serranus scriba, other serranids, other labrids and all the scorpaenids could 
be aggregated into one group, since their overlap for predators and prey is high. The mixed trophic 
impact routine showed that the impact of Diplodus vulgaris, Sarpa salpa, other serranids and flatfish 
on any other group is negligible. Most of the groups have a negative impact on themselves, reflecting 
within-group competition for resources. In the case of other sparids, top predators, flatfish and 
cephalopods, the impact is positive due to cannibalism. To improve the model, better data on the 
biomass, production and consumption by invertebrates as well as more information on predators are 
needed. 
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Conference program  

Monday 4 December:  

09.00: Opening Session: Chairs: Eliecer, GNP, and Robert Bensted-Smith, 
CDRS 

Eliecer, Galápagos National Park: Welcome to the Galápagos Islands  

Robert Bensted-Smith, CDRS: Welcome to the Charles Darwin Research Station:  

Cornelia E. Nauen, EC: Placing fisheries in their ecosystem context: the international 
cooperation perspective 

Daniel Pauly, UBC: Placing fisheries in their ecosystem context: the scientific perspective 

Villy Christensen, North Sea Centre: Placing fisheries in their ecosystem context: 
background, logistics and publications 
11.00 Session 1: Ecosystem-based management of fisheries, Chair: Günter Reck   
1. Jeffrey Polovina, Frank Parrish, and Evan Howell: Application of Ecosim 

to investigate impact of lobster fishery on endangered monk seals in 
Hawaii 

2. Manuel J. Zetina-Rejón and Francisco Arreguín-Sánchez. Impact of 
fishing harvesting polices on the ecosystem structure of Huizache-
Caimanero lagoon, Mexico   

3. Dirk Zeller and Jakup Reinert. Ecosystem based fisheries management: 
Modelling the effects of policy variations in a temperate marine 
ecosystem of the Northeast Atlantic  

4. Francisco Arreguín-Sánchez, Agustín Herrera, Mauricio Ramírez-
Rodríguez, and Horacio Pérez-España. An analysis of the artisanal 
fisheries in the ecosystem of La Paz Bay, Baja California Sur, Mexico. 

5. Jeffrey Polovina and Donald Kobayashi. Experiences developing and 
applying time and area closures to reduce bycatch of sea turtles in the 
Hawaii longline fishery  

6. Francisco Sánchez and Ignacio Olaso. Cantabrian Sea ecosystem model 
as a fisheries resources management tool 

7. Francisco Arreguin-Sanchez, Sherry Manickchand-Heileman and Manuel 
Zetina. Simulated responses to harvesting strategies of an exploited 
ecosystem in the southwestern Gulf of Mexico  
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Tuesday 5 December  

09.00 Session 2: Impacts of fisheries on their ecosystems: Chair: Graham Edger  

8. Olson, R.J., G. M. Watters, K. Y. Aydin, C. H. Boggs, T. E. Essington, 
R. C. Francis, J. F. Kitchell, J. J. Polovina, and C. J. Walters. Interactive 
effects of climate variability and fishing: A modeling analysis for the 
eastern tropical Pacific pelagic ecosystem 

9. Sherry Manickchand-Heileman, Jeremy Mendoza, Amoy Lum Kong and 
Freddy Arocha. Study of the impacts of bottom trawling on the 
ecosystem of the Gulf of Paria, based on mass-balance trophic models 
constructed using historical and current data.  

10. Gasalla, M A, Vasconcellos, M.C. & Wongtschowski, C.L.D.B.R.. 
Investigating responses of the South Brazil Bight coastal ecosystem to 
changes in commercial fishing strategies. 

11. Christensen, V., J.E. Beyer, H. Gislason and M. Vinter. A comparative 
analysis of the North Sea based on Ecopath with Ecosim and 
Multispecies Virtual Population Analysis.  

12. Sherry Manickchand-Heileman, Jeremy Mendoza, Amoy Lum Kong and 
Freddy Arocha. Study of the impacts of different fishing strategies on the 
ecosystem of the Gulf of Paria, based on a mass-balance trophic model.  

13. J. Pinnegar and N. Polunin. Predicting indirect effects of fishing in 
Mediterranean rocky littoral communities using a dynamic simulation 
model. 

14.00 Discussion: Policy exploration using ecosystem modeling 

Presentations and software demonstrations: Daniel Pauly and Villy 
Christensen 

18.00 Reception and book pre-launch, Hotel Galápagos 
Robert Bensted-Smith, CDRS: Introduction  
Cornelia E. Nauen, EC: The Fisheries Research Initiative of the European 
Commission 
Daniel Pauly, UBC: Darwin's fishes: the writing of a lost book. 

 

Wednesday 6 December    

Field Trip, Discussions  
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Thursday 7 December  

09.00 Session 2: Comparative ecosystem analysis, Chair: Sherry Manickchand-
Heileman  

14. Sergio Neira, Hugo Arancibia & Luis Cubillos.  Analysis of trophic 
interactions and of the marine ecosystem structure off Central Chile 
(33ºS-39ºS), in the years 1992 and 1998.  

15. Rocha, G. R. A., Rossi-Wongtschowski, C. L. D. B., Pires-Vanin, A. M. 
S. & Soares, L. S. H. Seasonal dynamics of Ubatuba continental shelf 
system through mass-balance trophic models.  

16. Hugo Arancibia & Sergio Neira. Long-term analysis of the trophic level 
of the fisheries in Central Chile (33ºS-39ºS), and their impact on the most 
important fishery resources  

17. Brando, V.E., Ceccarelli R., Libralato S., and Ravagnan G. The 
comparative analysis of trophic network to explore the environmental 
management effects in a shallow water basin  

18. Dan Baird. Ecosystem comparisons: how are we doing? 

19. Nick Polunin. Trophic levels: Ecopath and stable isotopes 

20. Teresa Moreno & José Juan Castro. Trophic structure of the Maspalomas 
Lagoon (Gran Canaria, Canary Islands) before collapse and after a new 
settlement process  

21. C. Moloney and L. Shannon. Ecosystem states and causes of change in 
the southern Benguela upwelling ecosystem 

22. Daniel Pauly: FishBase and Lindeman pyramids: Implications for 
Ecopath modeling. 

15.00 Discussion: Comparative ecosystem analysis, avenues for cooperation: 
Chair: Coleen Moloney 

 

Friday 8 December 

09.00 Session 3: Ecosystem structure and dynamics, Chair: Daniel Pauly 

23. Toral et al. The marine ecosystem of the Galápagos Islands 

24. Luis O. Duarte and Camilo B. García. Fishing mediated trophic role of 
small pelagics in a tropical marine ecosystem  

25. T. Djama. Coastal ecosystem structure of the marine fisheries off 
Cameroon 

26. Carlos E. Fernández & Augusto Angulo Contribution to the study of 
trophic relationships within the southern neritic region of the Columbian 
Pacific 
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27. P.A.T. Showers. A trophic ecosystem model of a West African shelf 
ecosystem - Sierra Leone 

28. T. Diouf, B. Samb, and A. Mendy. Trophic modeling of the Senegal-
Gambia upwelling ecosystem 

29. Arias-González, J. Ernesto and Enrique Nuñez-Lara. Trophic patterns as 
an ecological tool for assessing coral reef ecosystems 

30. T. Okey. Postulating a benthic-pelagic shift in the organization of a sub-
tropical marine community: simulating plankton shading interference 
using a balanced trophic model of the west Florida shelf  

14.30 Panel discussion: Placing fisheries in their ecosystem context, Chair 
Francisco Arreguin-Sanchez,  

Panel:  Sherry Manickchand-Heileman, Coleen Moloney, Cornelia E. Nauen, 
Günter Reck, Daniel Pauly and Villy Christensen 

16.00 Closing session 

Evening: Conference Dinner, Hotel Angermeyer 
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The ACP-EU Fisheries Research Initiative 

The ACP-EU Fisheries Research Initiative was requested by the ACP-EU Joint Assembly, composed 
of Members of the European Parliament and Representatives of African, Caribbean and Pacific (ACP) 
Countries, in a Resolution on ‘Fisheries in the Context of ACP-EEC Cooperation’, adopted in October 
1993. A series of dialogue sessions was conducted between ACP and European aquatic resources 
researchers, managers and senior representatives of European cooperation, using a draft baseline paper 
for the Initiative produced by intra-European consultation.  

The Initiative aims at promoting sustainable economic and social benefits to resource users and other 
stakeholders, while preventing or reducing environmental degradation. It has set an agenda for 
voluntary collaborative research based on mutual responsibility and benefits. It promotes commitment 
to addressing the most crucial problems of restoring resource systems and their ecological and 
economic productivity with the objective of informing and supporting more directly economic and 
political decision making through pro-active and high quality research and stakeholder participation.  

In the meantime, the principles have been successfully used in wider scientific cooperation with other 
developing countries and regions as a result of bi-regional dialogue e.g. with East and Southeast Asia  
(ASEM), Mediterranean (MOCO) and Latin America and the Caribbean (ALCUE). 

Suitable instruments to fund research, capacity building and/or implementation are, among others, the 
European Development Fund (EDF), International Scientific Cooperation (INCO) as part of the EU 
RTD Framework Programmes, the Global Environment Facility (GEF), European Member States’ 
bilateral research and cooperation programmes and partner institutions' own resources. 


