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a b s t r a c t
The ‘Ecopath’, later expanded to ‘Ecopath with Ecosim’ (‘EwE’), modeling approach has been applied to
hundreds of ecosystems around the world, since its ﬁrst implementation in 1984. The ‘EcoBase’ model
repository was developed to gather EwE models published worldwide. For the 433 unique models documented in EcoBase, we compiled, standardized, and analyzed all available metadata describing critical
aspects of the models. We proposed a general description of the EwE applications and we analyzed their
evolution over the last 30 years, based on the year of publication of the models. Then, we performed a
correspondence analysis on the metadata to identify the main types of EwE models. Overall, most models
were built to analyze ecosystem functioning and ﬁsheries, principally in the Northern and Central Atlantic
Ocean. During the ﬁrst decade (1984–1993), most EwE applications were Ecopath models representing
tropical marine systems and using simple food web representations to analyze trophic functioning only.
Over the last two decades (1994–2014), EwE models were applied to study a wider variety of ecosystems,
including polar regions and terrestrial systems, and a wider range of research topics , including pollution,
aquaculture and Marine Protected Areas. The modeling practices also evolved toward Ecopath (but also
Ecosim and Ecospace) models with larger spatial scales, shorter temporal scales, and more complex representations of the food web. In parallel, the numbers of both publications and modelers have steadily
increased, while the proportion of journal articles presenting EwE-based studies has been growing. The
correspondence analysis conﬁrmed these trends and discriminated three types of models: the basic Ecopath models developed during the ﬁrst decade, the average models developed over the last two decades
using Ecopath and Ecosim routines and an intermediate number of groups, and the most elaborated
models including Ecospace simulations and a high number of groups with multi-stanza. We concluded
by discussing the challenges and potentials of the compilation and meta-analysis of EwE models, notably
by using the EcoBase repository. This global overview showed that the usage of and interest for the EwE
modeling approach in the scientiﬁc community had evolved and expended over the last three decades
to support ecosystem-based ﬁshery management.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
The Life Sciences have reached a new era, that of the ‘Big New
Biology’ (Thessen and Patterson, 2011). Ecology is following a
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similar path, and has turned into a ‘data-intensive science’ (Kelling
et al., 2009; Michener and Jones, 2012). Ecological studies are more
and more based on data-driven methodologies, relying on large
pre-existing datasets and allowing for new insights on complex
or underlying phenomena at global scale (e.g., Christensen et al.,
2009b). A popular example of open-access, digital and crossdisciplinary database in aquatic ecology is FishBase, the online
encyclopedia of ﬁshes (www.ﬁshbase.org). However, extensive
data sharing is still rare in Life Sciences, and ecology has not
yet joined the other historical “big” sciences, such as oceanography, meteorology or astronomy, where massive data-sharing
is the norm (Pauly, 1995; Edwards, 2010; Hampton et al., 2013).
Although incentives for digitization of non-digital materials have
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been growing, existing repositories, such as FishBase, were estimated to represent less than 1% of the data in ecology (Reichman
et al., 2011; Thessen and Patterson, 2011).
Data sharing is a required principle for independent veriﬁcation
and reuse (Vision, 2010), and published papers which make their
data available are cited more frequently (Piwowar et al., 2007).
Yet, the open-access principle of sharing information online for
free has been increasingly applied to publications, but much less
to data, mainly due to issues with recognition and sense of data
ownership (Vision, 2010; Thessen and Patterson, 2011). Data sharing is not a tradition in ecology and faces multiple sociological and
technological obstacles. Overall, new practices are needed to make
data sharing fully part of the culture in Life Sciences (Pauly, 1988;
Reichman et al., 2011; Thessen and Patterson, 2011; Dalgleish et al.,
2012; Hampton et al., 2013). The two critical stages at which practices have to be improved to allow for data sharing are the very ﬁrst,
i.e., the collection of the data, and the very last, i.e., their publication.
Most of the time, biological data are not being collected with reuse
in mind and are then published in a narrative or summarized style
in scientiﬁc articles (Vision, 2010; Thessen and Patterson, 2011).
The actual data are meant to be provided in online supplements
or upon individual requests sent to the authors, but these options
often remain unreliable (Vision, 2010). Also, extensive data sharing may solve – at least in part – the problem of data loss, such
as hard-copies or computer ﬁles in outmoded format (Zeller et al.,
2005).
While facing the challenges of open data, ecology is more and
more relying on modeling-based approaches to inform management. In aquatic ecology, the Ecopath with Ecosim (EwE) modeling
approach has been widely applied to inform ecosystem-based management (e.g., Jarre-Teichmann, 1998; Plagányi and Butterworth,
2004; Christensen and Walters, 2011; Coll and Libralato, 2012),
since its original development in the early 1980s (Polovina, 1984).
EwE is commonly described as an ecosystem model, and more
precisely corresponds to a quantitative, process-based and speciesbased model, representing trophic ﬂows in the ecosystem. The EwE
modeling approach was primarily developed as a tool-box to help
ﬁsheries management and answer ‘what if’ questions about policy
that could not be addressed with single-species assessment models
(Pauly et al., 2000; Christensen and Walters, 2004, 2011). Details
on the core principles and equations of EwE can be found in the
EwE user guide available online (Christensen et al., 2008). The EwE
software is user-friendly, free (under the terms of the GNU General Public License) and downloadable online (www.ecopath.org).
Thus, hundreds of EwE models representing aquatic (but also some
terrestrial) ecosystems have been developed and published worldwide.
Building an EwE model require the collection, compilation and
harmonization of various types of information: descriptive data on
species abundance, diet composition and catch; computed data on
species production, consumption and ecosystem properties; and
simulation data on species biomass trends, after applying alternate
scenarios (Christensen et al., 2008). By summarizing all available
knowledge on the modeled ecosystems and deriving various system properties, EwE models help understanding the structure and
functioning of ecosystems (Walters et al., 1997). Thus, EwE-based
studies may be seen as important sources of information. On top
of detailed information on the modeled species and food web, each
EwE-based study also provides a general description of the modeled
ecosystem, which represents critical information to reuse the
model for performing meta-analyses. Several meta-analyses have
been performed based on a selection of EwE models, and focusing, either on ecological and trophic concepts (e.g., Christensen
and Pauly, 1993a; Gascuel et al., 2008; Arreguín-Sánchez, 2011), or
on ecosystems and species of particular interest (e.g., Christensen,
1995; Christensen et al., 2003a,b; Pauly et al., 2009). However,
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only few meta-analyses have been using large collections (more
than 50) of EwE models (e.g., Coll et al., 2012; Pikitch et al., 2012;
Heymans et al., 2014). These meta-analyses were based on individual datasets since no comprehensive, open-access, and digital
collection of EwE models was available, and this is why EcoBase was
created. EcoBase is an online information repository of EwE models published worldwide in the scientiﬁc literature (see website at
http://sirs.agrocampus-ouest.fr/EcoBase/).
In this study, we used EcoBase to compile available metadata on
all the EwE models referenced in the repository. We analyzed the
metadata to give a global overview of the applications of the EwE
modeling approach in the scientiﬁc literature. We focused on some
critical aspects: the general characteristics of the modeled ecosystems, the objectives of the EwE-based studies, the complexity and
scope of the models, and the associated publication(s). First, we
proposed a general description of the EwE applications published
worldwide. Then, based on the year of publication of the models, we
analyzed in detail the evolution of the EwE applications over the last
three decades. Last, we performed a correspondence analysis on the
metadata so as to formalize the relationships observed between
some of the critical metadata and identify the main types of EwE
models. We concluded with a discussion on the challenges and
potentials of compiling metadata from EwE models and conducting
meta-analyses, notably by using EcoBase. We intended to provide
new insights on past, present and future usages of and interests for
the EwE modeling approach in the scientiﬁc community.

2. Methods
2.1. Compilation of the models and publications
2.1.1. Compilation of 433 EwE models
The EcoBase project was initiated to support and stimulate
data sharing and global meta-analyses using the EwE modeling
approach. The EcoBase models repository was developed with
the intention of making the models discoverable, accessible, and
reusable to the scientiﬁc community. Details on the structure, usage
and capabilities of EcoBase can be found in the report introducing
EcoBase, which is available online (Colléter et al., 2013b). The main
goals of EcoBase are to (i) provide a comprehensive and up-to-date
list of published EwE models and EwE-based applications; (ii) compile and present information from the referenced EwE models; (iii)
facilitate future meta-analyses based on EwE models.
In EcoBase, we completed an inventory of all EwE models
published from 1984 to 2014 (Colléter et al., 2013b). Our inventory intended to be as exhaustive as possible, although some
models may be missing, especially if they were published after
October 2013 (date of the publication of the EcoBase repository). The EwE modeling approach and software consists of a
suite of three sub-models (or routines): (i) Ecopath, a static and
descriptive model, representing a mass-balanced snapshot of the
food web; (ii) Ecosim, a dynamic and predictive model, producing time-dynamic simulations for exploring alternative scenarios,
based on Ecopath; and (iii) Ecospace, a spatially-explicit version of
Ecosim (Christensen and Pauly, 1992; Walters et al., 1997, 1999;
Christensen and Walters, 2004). In EcoBase, ‘EwE models’ primarily designate Ecopath models, based on which Ecosim or Ecospace
models may have been developed later on.
We extracted a list of 433 ‘unique’ EwE models from the 571
models recorded in EcoBase, since several versions of the same
model were recorded in some cases. Unique models were deﬁned
by the ecosystem they represented (i.e., the model area), the time
period they covered (i.e., the model start and end years), and
the author of the model (i.e., the ﬁrst author on the reference
of the model, commonly considered as the modeler who developed
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the model). If several models represented the same ecosystem, but
over older or more recent time periods, or over smaller or larger
areas, or were developed by different modelers, then they were
each considered as unique. In addition, we speciﬁcally identiﬁed as
‘replicates’ the models representing the same ecosystem over different time periods. Most of the time, replicates were built by the
same author and comprised the same number of groups, although
there were some exceptions. The analyses presented in this study
are based on the 433 unique EwE models documented in EcoBase
(see Appendix A and the EcoBase website for detailed references of
the models). For each of the 433 models, we compiled, standardized
and encoded in EcoBase all available metadata.
Supplementary material related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.ecolmodel.
2015.01.025.
2.1.2. Compilation of 397 EwE-based publications
In parallel, we conducted a comprehensive literature review and
compiled 397 publications presenting EwE-based studies associated with the 433 models. Note that the same publication could
describe several EwE models, so that we obtained only 397 publications for 433 models. The detailed references of these publications
were encoded in EcoBase. Some of the information comprised in
the references was used as metadata: the name of the ﬁrst author;
the year of publication; and the type of publication. We considered
ﬁve publication types: journal articles, reports (entire report and
report sections), book sections, theses, and conference papers. For
journal articles, we also analyzed the number of publications by scientiﬁc journal, based on the title of the journals. One model could
have been described in more than one publication. In that case, we
classiﬁed the publications as primary, secondary or tertiary reference, based on the year of publication and the level of details on
the Ecopath model provided in the publications. When several references were available for one model, the primary one was used
to deﬁne the year of publication of the model. In the end, each
model was associated to at least one (primary) reference. Then, the
models were aggregated, based on their year of publication, into
three groups corresponding to the last three decades (1984–1993;
1994–2003; 2004–2014).
2.2. Compilation of the metadata
For each of the 433 models, we analyzed the metadata describing: (i) the characteristics of the modeled ecosystems; (ii) the
research objectives of the modeling approach; and (iii) the structure, scales and units of the models (see Table 1 for the detailed list
of metadata). All data used in this study is provided in supplemental material (Appendix B) and may be downloaded on the EcoBase
website.
Supplementary material related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.ecolmodel.
2015.01.025.
2.2.1. Characterization of the modeled ecosystems
The 433 models were classiﬁed based on the characteristics
of the ecosystems they represented, and using information provided in the associated publications. First, using expert knowledge,
we deﬁned 13 ecosystem types aggregated into three broad categories: marine (including bay/fjord, beach, channel/strait, coastal
lagoon, continental shelf, coral reef, ocean, and upwelling ecosystem types), freshwater (comprising estuary, lake, reservoir, and
river types), and terrestrial (also considered as an ecosystem type).
Then, we documented the geographic extent of the models,
so as to precisely locate them on the world map. To do so, a
spatial shape was deﬁned for each model, based on the coordinates or the map provided by the modelers in the associated

publications. When no precise indication was given, the spatial
shape was deﬁned as a point. The centroid of the spatial shape
deﬁned for each model was used to determine the climatic zone
of the model. Three climatic zones were deﬁned based on latitude:
tropical-subtropical (less than 30◦ N/30◦ S), temperate (greater
than or equal to 30◦ N–58◦ N/30◦ S–58◦ S), and high latitude (greater
than 58◦ N/58◦ S) (Pikitch et al., 2012). The spatial shape was also
used to classify the models representing marine ecosystems by FAO
area and Large Marine Ecosystem (LME). FAO areas correspond
to the 19 major marine ﬁshing areas internationally established
for statistical purposes by the Food and Agriculture Organization of the United Nations (www.fao.org/ﬁshery/cwp/handbook/
h/en), while LMEs correspond to 66 well-deﬁned marine areas,
usually of 200,000 km2 or more, adjacent to the continents
(www.lme.noaa.gov/). Therefore, only the 365 models representing marine ecosystems were classiﬁed into FAO areas, while the
subset of 345 models representing coastal marine ecosystems was
classiﬁed into LMEs.
2.2.2. Identiﬁcation of the research objectives of the modeling
approach
We classiﬁed the research objectives of the 433 EwE models
into seven topics, i.e., (1) aquaculture; (2) ecosystem structure and
functioning; (3) environmental variability and climate change; (4)
ﬁsheries; (5) Marine Protected Areas (MPA); (6) pollution; and (7)
(group of) species of particular interest. The research objectives of
each model were identiﬁed by reviewing the title, abstract and keywords of the associated publications. Note that the topics are not
mutually exclusive, since a same model may have been developed
to answer several questions. Although the 433 EwE models were
deﬁned based on the implementation of the Ecopath routine, we
compiled metadata indicating if the Ecosim or Ecospace routines
had also been used. Ecosim and Ecospace models add complexity to the Ecopath base models and enable to explore alternative
management scenarios by representing the temporal and spatial
variability of the ecosystem.
Some of the models were used to perform speciﬁc analyses,
using some of the modules (or plug-ins) available in the EwE
software. In this study, we considered three plug-ins of potential interest: Ecotracer, EcoTroph, and Keystoneness. Ecotracer uses
Ecosim to predict movement and accumulation of contaminants
and tracers in food webs (Coombs, 2004; Booth and Zeller, 2005).
More precisely, changes in concentrations of chemicals (e.g., persistent organic pollutants (POP) and isotope tracers) are predicted
using ﬂow rates from Ecosim along with ancillary information, such
as isotope decay rate and physical exchange rates (Christensen
et al., 2008). EcoTroph is based on synthetic representation of
ecosystems using trophic spectra, i.e. the continuous distribution
of biomass (or production, catch, ﬁshing mortalities, etc.) at the
ecosystem scale and as a function of continuous trophic levels
(Gascuel and Pauly, 2009; Gascuel et al., 2011). It enables the simulation of various ﬁsheries changes and their impacts on computed
trophic spectra, and provides indicators of the ecosystem impacts of
ﬁshing (Tremblay-Boyer et al., 2011; Colléter et al., 2013a; Gasche
and Gascuel, 2013). The Keystoneness tool in the Network Analyses
plug-in may be used to estimate the extent to which any functional group deﬁned in the model functions as keystone species
(Christensen et al., 2008). The methodology was implemented
based on two indices of keystoneness proposed in the literature:
KS#1 (Libralato et al., 2006) and KS#2 (adapted from Power et al.,
1996), both based on a consensus deﬁnition of keystone species
(Christensen et al., 2008).
2.2.3. Description of the structure, scales, and units of the model
In EwE, species are aggregated into functional groups, corresponding to a single species or a group of species sharing
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Table 1
List of the metadata used for the analyses. Metadata are listed in alphabetical order, with their corresponding ﬁelds in EcoBase and deﬁnitions.
Metadata

EcoBase ﬁeld

Deﬁnition

Aquaculture
Area
Climatic zone
Currency unit
Ecopath
Ecosim
Ecospace
Ecosystem
Ecosystem category
Ecosystem type
Ecotracer
EcoTroph
Environment
Fisheries
Geographic extent
Keystoneness
Model
MPA
Number of groups
Pedigree index
Pollution
Publication
Publication
Reference
Reference
Replicates
Replicates
Species
Stanzas
Time period
Time period
Time unit
Version

aquaculture
area
classif
currency units
ecopath
ecosim
ecospace
ecosyst functioning
ecosystem categ
ecosystem type
ecotracer
ecotroph
environment variability
ﬁsheries
geographic extent
keystone analysis
model number
mpa
number groups
pedigree index
pollution
id ref
xml ref
referenced
ref importance
overlapping code
overlapping model
species of interest
stanza groups
model year end
model year start
time units
ewe version original

Was the model developed to analyze aquaculture impact? (TRUE/FALSE)
Model area (in km2 )
Climatic zone of the modeled ecosystem
Currency unit of the model, e.g., wet weight, in t km−2
Is the Ecopath routine used? (TRUE/FALSE)
Is the Ecosim routine used? (TRUE/FALSE)
Is the Ecospace routine used? (TRUE/FALSE)
Was the model developed to analyze ecosystem functioning/structure? (TRUE/FALSE)
Category of the modeled ecosystem
Type of the modeled ecosystem
Is the Ecotracer plug-in used? (TRUE/FALSE)
Is the EcoTroph plug-in used? (TRUE/FALSE)
Was the model developed to analyze environmental variability impact? (TRUE/FALSE)
Was the model developed to analyze ﬁsheries impact? (TRUE/FALSE)
Spatial polygon of the model (in decimal degrees)
Is the Keystoneness tool in the Network Analysis plug-in used? (TRUE/FALSE)
Model number (3-digits code) as recorded in EcoBase
Is the modeled ecosystem a Marine Protected Area? (TRUE/FALSE)
Number of functional groups included in the model
Pedigree index indicated in the associated reference or calculated by the model
Was the model developed to analyze pollution impact? (TRUE/FALSE)
Publication number (3-digits code) as recorded in EcoBase
Reference in xml format (including year of publication, ﬁrst author, and reference type)
Is the reference of the model recorded in EcoBase? (TRUE/FALSE)
Importance of the reference (1 by default)
Model number(s) of the replicate(s) (if several, noted as 195 196)
Are there other models representing the same ecosystem but over a different time period? (TRUE/FALSE)
Has the model been built to study a particular species/group? (TRUE/FALSE)
Are there any stanzas in the model? (TRUE/FALSE)
End year of the model time period
Start year of the model time period
Time unit of the model
Version of EwE used by the modeler, as mentioned in the reference

similar ecological traits, such as size, diet, predator and life cycle
(Christensen et al., 2008). The number of functional groups deﬁned
in the 433 EwE models was recorded and used as a basic descriptor
of model structure. Models comprising a large number of groups
have a low trophic aggregation, and thus are more complex, than
models including few groups. Also, the inclusion of multi-stanza
groups was considered as a supplementary descriptor of model
structure. Multi-stanza groups consist of a set of groups representing different life history stages (or stanzas) that are linked
together, and may be used for a species with a complex trophic
ontogeny. Thus, species deﬁned using multi-stanza groups add levels of complexity in the models. The pedigree index (Pauly et al.,
2000; Christensen and Walters, 2004) was also recorded when calculated by the model or indicated in the publication, and used as a
descriptor of the quality of the model.
When speciﬁed in the associated publications, the temporal and
spatial scales of the 433 EwE models were collected. Typically, Ecopath models represent an average situation for a period of one year,
but some models may correspond to longer time periods. Thus, we
compiled as ﬁrst and last years, the records of the start and end
years of the modeled period, as stated by the modelers in the publications. The ﬁrst year was used to determine the decade covered
by the models, and the time period (in number of years) represented by the models was calculated. The area (in km2 ) covered by
the EwE models was also documented. Lastly, currency and time
units of the models were documented.

decades: 1984–1993; 1994–2003; 2004–2014), so as to describe
the evolution of the EwE applications over time. Third, we carried
out a multivariate analysis as an attempt to formalize the relationships previously observed between some of the critical metadata
and identify the main types of EwE models. To do so, we selected the
research questions, the routines and plug-ins used in the models,
the number of groups, the inclusion of multi-stanza, the characteristics of the modeled ecosystem (ecosystem type and climatic
zone), and the publication period and type of the primary reference. Some metadata were transformed into categorical variables:
the research questions (ecosystem functioning only; ﬁsheries (in
some cases ﬁsheries only, in others ﬁsheries and ecosystem functioning); and other research questions), the routines (ecopath only;
ecopath and ecosim; ecopath, ecosim and ecospace), and the number of groups (7–19 groups, 20–29 groups, 30–171 groups). We
used a correspondence analysis, i.e., an exploratory method based
on linear algebra and using matrix decomposition and orthogonal
projection. The correspondence analysis is suitable for categorical
data, and commonly applied to contingency tables. The analysis
was performed using the ‘ade4’ library of the R software (Dray
and Dufour, 2007) on 431 EwE models only, since the routines and
plug-ins metadata were missing for two models.

3. Results
3.1. General description of the EwE applications published
worldwide

2.3. Analyses performed on the metadata
First, a descriptive analysis was performed on the metadata to
identify general trends in the use of the EwE models. Second, we
analyzed the metadata aggregated based on the year of publication (and using three time periods corresponding to the last three

Globally, EwE models have been mainly developed to study
marine ecosystems (mostly continental shelves) in the tropical or
temperate zones, with some regions better covered than others:
84% of the models (i.e. 365 models) represent marine ecosystems,
whereas 15% (63 models) represent freshwater ecosystems and 1%
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Fig. 1. World maps of the EwE models documented in EcoBase representing (a) the centroids of the geographic extent of the models and the number of models (b) by FAO
area and (c) by LME. Only the 365 models representing marine ecosystems are represented on the FAO area map, and the 345 models representing coastal marine ecosystems
on the LME map.

(5 models) terrestrial ones (Fig. 1a). All FAO areas comprise at least
one model, but ﬁve areas account for the highest proportions of
models with about 40 models each: the Northeast Atlantic and the
Eastern Central Atlantic comprise 10% of the models each; and the
Western Central Atlantic, the Northwest Atlantic, and the Mediterranean and Black Sea comprise 9% of the models each (Fig. 1b). The
Humboldt Current, the Gulf of Alaska, the Mediterranean and the
Guinea Current are the LMEs comprising the highest number of
models (at least 5% each) (Fig. 1c). Four LMEs did not have any EwE
models: the Somali Coastal Current, the Oyashio Current, the East
Siberian Sea, and the Laptev Sea. Overall, the Northern and Central
Atlantic Ocean is the region with the highest proportion of EwE
models, whereas fewer EwE models have been developed for the
Indian and Antarctic Oceans.
The majority of the models represented ecosystems between
1980 and 2009, over a time period of one year and an area ranging

from 10,000 to 1,000,000 km2 . Of the 433 unique models, about 30%
(132 models) correspond to replicates of the same ecosystems, representing 52 different ecosystems. In particular, models developed
to represent ecosystems before 1950 are almost all (93%) replicates
of models representing more recent periods. However, 41% of the
models were also used to perform time-dynamic simulations in
Ecosim. Moreover, most models were built to analyze ecosystem
functioning and inform ﬁsheries management, and comprised from
10 to 40 functional groups. The pedigree index was recorded for 34
models only (8% of the models), it ranged between 0.137 and 0.743
with a mean value of 0.472. Details on the general description of
the EwE applications published worldwide are provided in supplemental material (Appendix C). Regarding the associated references,
the EwE-based studies were mainly published in the peer-reviewed
literature, with 213 research articles (54% of the references) published in 60 different scientiﬁc journals. However, only a few of
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Table 2
Number and percentage of articles presenting EwE-based studies, detailed by
journal.
Journal

Number of articles

Percentage

Ecological Modelling
Estuarine, Coastal and Shelf
Science
Progress in Oceanography
Journal of Marine Systems
Marine Ecology Progress Series
Canadian Journal of Fisheries
and Aquatic Sciences
African Journal of Marine Science
Bulletin of Marine Science
Fisheries Research
ICES Journal of Marine Science
Journal of Experimental Marine
Biology and Ecology
Others

76
12

36
6

10
9
9
8

5
4
4
4

5
5
5
4
4

2
2
2
2
2

66

31

the journals published more than three articles (Table 2). Ecological
Modelling published the highest number of EwE-based studies (76
articles, i.e. 36%), followed by Estuarine, Coastal and Shelf Science
(6%), and Progress in Oceanography (5%).
Supplementary material related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.ecolmodel.
2015.01.025.
3.2. Evolution of the EwE applications over the last three decades
EwE applications have progressively been developed in all
regions of the world’s oceans. From 1984 to 1993, only eight FAO
areas were applied at least one model, and the Western Central
Atlantic area has the highest number of models (Fig. 2a). Then, from
1994 to 2003, more models have been developed, and the Northeast Paciﬁc and Northeast Atlantic areas show the highest number
of models, while only two FAO areas located in the Antarctic do not
show any model (Fig. 2b). From 2004 to 2014, all FAO areas have
been applied at least one model, and the highest number of models
is observed in the Eastern Central Atlantic, while the Mediterranean
and Black Sea and the Northwest Atlantic areas also show a high
number of models (Fig. 2c).
During the ﬁrst decade of its development (1984–1993),
the EwE modeling approach essentially consisted of Ecopath
models representing tropical marine systems and using a simple trophic structure (Fig. 3). In contrast, during the last two
decades (1994–2014), EwE models were applied to a wider variety of ecosystems, including polar regions and terrestrial systems.
Besides, the numbers of models representing freshwater ecosystems has doubled over the last two decades (Fig. 3a). Nonetheless,
freshwater applications represent less than 20% of the models published since 1994. Regarding climatic zones, 80% of the models
represented tropical systems in the ﬁrst decade (1984–1993), while
the remaining 20% represent temperate systems (Fig. 3b). Since
1994, the proportions of both tropical and temperate systems have
stabilized between 40 and 50%. From 1994 to 2014, 32 models
representing ecosystems at high latitudes have been published.
In parallel, EwE models were also progressively used to answer
a wider range of research questions, such as issues related to
pollution or aquaculture (Fig. 3c). Since 1984, the proportion of
models developed to analyze ecosystem structure and functioning has remained the highest. However, the proportion of models
looking at ﬁsheries-related issues has signiﬁcantly increased (from
10% in 1984–1993 to 30% in 1994–2003). The numbers of models
built to study environmental variability (including climate change)
and MPAs both have gradually increased since 1984, although
their respective proportions have remained lower than 10%. The

Fig. 2. World maps of the number of EwE models documented in EcoBase by FAO
area, for each of the last three decades: (a) 1984–1993; (b) 1994–2003; and (c)
2004–2014.

proportion of models focusing on a particular species (or taxa) of
interest has stayed more or less constant over time (at about 15%).
Modeling practices have also evolved toward Ecopath models
with more complex trophic structures, shorter temporal scales, and
larger spatial scales. During the ﬁrst decade of the development of
the EwE modeling approach, the total number of groups deﬁned
in the models range from 7 to 27 (Fig. 3d). Over time, the range
of the number of groups has expanded toward more groups, up to
67 groups in the last decade (excluding the few outlier models).
Besides, the median is around 15 groups in 1984–1993, while it is
around 30 groups in 2004–2014. Thus, recently developed models
tend to be less aggregated and thus more complex, although highly
aggregated models are still being proposed in recent times.
In contrast, the time period represented by the models tends
to decrease over the last 30 years (Fig. 3e). The number of years
represented by the models ranges from 1 to 14 in the ﬁrst decade
(1984–1993), while it ranges from 1 to 8 in the last decade
(2004–2014) (excluding the few outlier models). The median also
shows a decrease over time, from 3 years in 1984–1993 to close to
1 year in 2004–2014. Besides, the proportion of models corresponding to replicates of the same ecosystem over different (anterior or
posterior) time periods has been increasing through time: from 24%
of replicates published in 1984–1993, to 27% in 1994–2003, and 33%
in 2004–2014. The areas covered by the models have always covered a wide range (Fig. 3f). Nevertheless, in the last two decades,
the range of the models area has expanded toward very large areas,
and the median has shifted accordingly, from about 1000 km2 in
1984–1993 to about 100,000 km2 in 1994–2014.
Lastly, the numbers of EwE-based publications has steadily
increased (Fig. 4). The annual number of publications reached a
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Fig. 3. Comparison of the classiﬁed EwE models between the last three decades: 1984–1993; 1994–2003; and 2004–2014; based on the year of publication of the models.
Classiﬁcation of the models by: (a) category of ecosystem represented by the models; (b) climatic zone of the modeled ecosystems; (c) research topic(s) considered using
the models; (d) number of functional groups of the models; (e) time period (in number of years) represented by the models; and (f) area (in km2 ) covered by the models. On
the barplots, values are displayed in percentage on the y-axis, and in number on the top of each bar. On the boxplots, the horizontal line in the box represents the median
number of models.

peak in 1993, increased slowly from 1994 to 2000 and more rapidly
from 2000 to 2004, then stabilized at around 25 references per year.
Thus, of the 397 EwE-based studies published over the last 30 years,
9% were published in 1984–1993, 29% in 1994–2003, and 62% in

2004–2014 (respectively 35, 114, and 248 publications). Likewise,
the cumulated number of EwE users (ﬁrst authors on publications)
has signiﬁcantly increased over time, from 30 users in 1993, to 98 in
2003, and 230 in 2014. Moreover, both the number and proportion
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EwE-based studies were principally published as reports (with
the publications of numerous Fisheries Centre Research Reports) or
journal articles. Over the most recent period (2004–2014), the publications were predominantly journal articles.
3.3. Typology of EwE models

Fig. 4. Number of publications presenting EwE-based studies over the last 30 years.
For each decade (1984–1993, 1994–2003, and 2004–2012), a pie chart shows the
repartition of the publications by type. The two vertical dotted lines highlight the
transition years between the three decades. The black solid line represents the number of all types of scientiﬁc publications while the gray solid line represents journal
articles only. The dotted line represents the cumulated number of ﬁrst authors associated to the publications from 1984 to 2012. The year axis stops in 2012 since the
number of publications for 2013 and 2014 is incomplete and not representative of
the actual number of publications.

of peer-reviewed publications presenting EwE applications have
been growing over the last three decades (Fig. 4). From 1984 to
1993, most publications corresponded to conference proceedings,
mainly from the “Trophic Models of Aquatic Ecosystems” Theme
session at the Statutory Meeting of ICES, in Copenhagen, in October
1990 (Christensen and Pauly, 1993b). Between 1994 and 2003,

The correspondence analysis on the critical metadata shows
that three main types of models may be discriminated based on
a few parameters highlighting the evolution of EwE applications
over time. The different levels of each parameter (the metadata
transformed into categorical variables) are projected on the factor
map of the individuals (the EwE models), in the plan formed by the
axes 1 and 2, which explain respectively 11% and 6% of the total
inertia (Fig. 5). Although these percentages are low, the spreading of the individuals on the factor map conﬁrms the major trends
previously observed. On the upper right side of the plots, a ﬁrst
type of models may be discriminated based on different characteristics: models published during the ﬁrst decade (1984–1993) as
conference proceedings, developed to study ecosystem functioning using Ecopath only and no additional plug-ins, parameterized
with a few groups and no stanzas, and representing notably rivers,
lakes and beaches (that were given little attention by EwE modelers afterwards), and tropical ecosystems. On the upper left side, a
second type of models may be identiﬁed: models published during
the last two decades (1994–2014), notably in reports, characterized
by a high number of groups including multi-stanza, and developed
using Ecosim and Ecospace. The second type of models consisted of
channel/strait and ocean ecosystem types, mostly in temperate and
high latitude regions, which were developed to address questions
regarding ﬁsheries and other research topics. In the center of the
plot, a third group of model may be (less clearly) distinguished:
models published during the last two decades (1994–2014),
mainly in journal articles, characterized by an intermediate or low

Fig. 5. Results from the correspondence analysis on the critical metadata, with the EwE models as individuals: factor map of the individuals with the different levels of each
parameter projected on the plan formed by the axes 1 and 2 (research questions: ecosystem functioning only (ecosyst), ecosystem functioning and/or ﬁsheries (ﬁsh), other
research questions (other); routines: ecopath only (E), ecopath and ecosim (E2̂), ecopath, ecosim and ecospace (E3̂); number of groups: from 7 to 19 groups (1), from 20 to 29
groups (2), more than 30 groups (3); ecosystem type: bay/fjord (bf), beach (bch), channel/strait (chst), coastal lagoon (cl), continental shelf (cs), coral reef (cr), estuary (es),
lake (lk), ocean (oc), reservoir (re), river (ri), terrestrial (tr), upwelling (up); and publication type: book section (bk), conference paper (cp), journal article (ja), report (rp),
thesis (th)).
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number of groups and no stanzas and the use of Ecopath and
Ecosim, but rarely of the plug-ins. The third type of models represented upwellings, bays/fjords, coral reefs, and estuaries, in all
climatic zones to answer a wide range of research questions. This
type gathered a high number of models representing the average
pattern in the use of the EwE model, compared to the two latter
types corresponding to the most basic and elaborated uses of the
model.
4. Discussion
4.1. Challenges and potentials of the compilation and
meta-analysis of EwE models
All the metadata analyzed in this study were collected
or derived from the publications presenting the EwE models.
However, detailed information on some metadata was sometimes
missing for many models, which prevented us from using the whole
collection of metadata initially envisaged. Besides, lack of information was sometimes observed for metadata of potentially high
relevance to the EwE modeling approach. For instance, we obtained
5% of missing data regarding the time period represented by the
models, and 17% for the area covered by the models. Though, it is
critical to clearly deﬁne and indicate the temporal and spatial scales
when developing a model. When the geographic extent of the models was poorly described, no spatial shape could be deﬁned for these
models. Likewise, several metadata describing the physical characteristics of the modeled ecosystems were considered in EcoBase
(e.g., temperature, depth, salinity, oxygen, primary production),
but information on abiotic conditions was lacking for most models.
Remarkably, information on minimum and maximum depths of the
area covered by the models, which is critical to determine the type
of ecosystem represented by the models, was sometimes not provided in sufﬁcient details. As a result, the proportion of models with
non-available information was too high for the metadata to be representative. This was also the case with the version of the software
used by the modeler. Since the EwE software evolved with time
and upgraded versions were successively released, we intended
to analyze the evolution of the use of the different versions. The
ﬁrst version of EwE, ECOPATH, was used only in the early 1980s
(Polovina, 1984), and the development of a user-friendly software
in the early 1990s (version 2, Christensen and Pauly, 1992) rapidly
led to a broader use of the model (67 models, 15% of the models).
Versions 3 and 4 only had limited use (respectively 3 and 5% of the
models) and were rapidly replaced by version 5 used to develop
17% of the models (Christensen et al., 2005), which is now itself
replaced by version 6 (8% of the models, Christensen et al., 2008).
However, the EwE software versions were only speciﬁed by modelers for half of the models, so that the percentages obtained were not
representative and we could not explore this aspect of the modeling approach much further. Likewise, the pedigree index could not
be analyzed in many details since it was provided for only 8% of
the models. Moreover, the compilation of the metadata was sometimes challenging due to some ambiguity in the description of the
model. Some models included functional groups labeled as stanzas, but which were not always properly deﬁned as multi-stanzas
groups. Thus, we were not able to analyze in many details the usage
of multi-stanzas groups.
The challenges we faced during the collection and compilation
of the metadata emphasized the need for deﬁning and enforcing
best modeling practices (FAO, 2008). We strongly recommend
EwE modelers to provide critical information about their models
in sufﬁcient details in the associated publication(s). We suggest
the following metadata to be critical: location, objectives, area,
time period, units, software version, pedigree index, number of
groups, and environmental conditions (notably the depth and

temperature). Requiring such critical information to be systematically provided would facilitate the reuse of the models, and thus
increase the scientiﬁc value of EwE-based publications. Indeed,
quality and structure are important aspect to consider when performing meta-analyses (Heymans et al., 2014). Thus, the critical
metadata compiled in this study could serve as valuable criteria
based on which EwE models would be selected for future studies.
By applying a scoring method on these selection criteria, a pool of
models of potential interest would be deﬁned, and could then be
reused to perform EwE-based meta-analyses. Such approach has
already been implemented in the literature (e.g., Valls et al., 2015),
and many more studies could exploit the wide range of information that can be derived from published EwE models, once made
available in EcoBase.
4.2. Challenges and potentials of using EcoBase
EcoBase offers a framework where the metadata can be stored,
in a standardized and granular fashion, so that they can be easily reused. Moreover, the repository has been designed to allow
the storage of all input or output data that can be derived from
EwE models (version 6.3), and the capabilities of EcoBase make it
a useful tool for the scientiﬁc community (Colléter et al., 2013b).
In fact, a large number of web services responding to the general
users’ expectations are made possible by using EcoBase to load data
and metadata from EwE models. For instance, via the ‘Discovery
tools’ (see website at http://sirs.agrocampus-ouest.fr/EcoBase/),
users may select any of the 433 ‘unique’ models stored in the
repository and analyzed in our study, to have access to additional
information, including a map of the spatial extent of the model.
The web service is still rather limited in terms of selection criteria,
but advanced search capabilities could be easily developed using
the metadata analyzed in this study. In the mid-term, EcoBase is
meant to be used by ecosystem modelers worldwide as a platform
where to (i) look for published models; (ii) select and access models
of interest to one’s research work; (iii) download other’s models as
well as upload one’s own models.
Furthermore, new capabilities for future meta-analyses could
be implemented by connecting the EwE software and the EcoBase
repository. This task is currently underway within the model
repository working group of the Ecopath Research & Development
Consortium. Two important steps have been deﬁned. The ﬁrst one
is to gather all missing data from the EwE models already documented in EcoBase, while ensuring a back validation by the authors
for a better assessment of the models. Furthermore, an open-access
agreement is proposed to the authors for each model, so as to
enable other scientists to download or reuse the models. The second step is to gather new models by linking EcoBase and the EwE
software, using a plug-in currently under development, in order
to automatically collect the data and metadata derived from EwE
models. Including such improvements in EcoBase would enable a
ﬁner selection of Ecopath models, and thus allow for more in-depth
meta-analyses of the EwE models than the one proposed in our
study.
In addition, the systematic inclusion of some quality criteria in
EcoBase could enhance the selection of EwE models, as well as the
reﬁning or update of previously published models. Several tools
have been developed to quantitatively assess the quality of Ecopath models, such as for instance the pedigree index (Christensen
and Walters, 2004) previously mentioned, or the “DataReli” toolbox (Lassalle et al., 2014) more recently proposed, but both are
still rarely applied. Other interesting developments could consist
of new measures that can help categorizing and ranking models in
classes for particular uses. For instance, our analysis showed that
Ecopath models can be built to focus on some particular ecosystem
components, so that new indices could focus on the completeness
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Table 3
Examples of EwE models developed to answer ﬁsheries management research questions, and to support an ecosystem approach to ﬁsheries.
Ecosystem

Author

Primary
reference

Research
questions

Aleutian Islands

Guénette

Guénette et al.
(2006)

Ecosystem
Fisheries
Species

Chesapeake Bay

Christensen

Christensen
et al. (2009a)

Fisheries
Species

Gulf of Carpentaria

Okey

Okey et al.
(2007)

Ecosystem
Fisheries
Species

Spatial
scale

Temporal
scale

Routines

Number of
groups

Multistanza

Outcomes

56936

1963–1963

Ecopath
Ecosim

40

Yes

Effects of different
pressures on Steller
sea lions,
ecosystem
approach to
ﬁsheries

18580

1950–1950

Ecopath
Ecosim

45

Yes

Ecosystem based
ﬁsheries
management in the
Chesapeake Bay

370200

1990–1990

Ecopath
Ecosim

83

Yes

Ecosystem based
ﬁsheries
management
considering the
effect of illegal
foreign ﬁshing
ﬂeets

in the food web representation. Finally, EcoBase does not consider
Ecosim and Ecospace models yet, but only Ecopath. It would be
interesting to develop the information repository so that it could
also compile the information derived from the dynamic and spatially explicit routines.
4.3. Conclusions on the EwE modeling approach: past, present
and future
The metadata compiled for this study were used to give a global
overview of the EwE applications. We also analyzed the evolution
of the EwE applications over time, based on the year of publication of the models. The correspondence analysis did not express
a high percentage of the total inertia due to an important variability in the use of the EwE model during the last two decades
(1994–2014). In fact, both elaborated models and more simple ones
were developed depending on the research objectives and the data
availability. However, this analysis enabled us to distinguish three
types of models corresponding to the evolution of the EwE applications over time. The initial emphasis on the tropics was due
to the development of EwE initially being propagated by staff of
the International Center for Living Aquatic Resources Management
(ICLARM, now WorldFish), which was based in the Philippines,
and which was focused on developing methodologies for managing tropical ecosystems (Christensen and Pauly, 1993b). EwE was
also early applied to freshwater ecosystems, likely due to the ease
for deﬁning the boundaries and components of systems such as
lakes or rivers. Over the last three decades, some regions have been
widely analyzed using the EwE modeling approach, while others
have remained poorly studied. The focus of EwE applications on
some regions, such as the North and Central Atlantic Ocean, were
driven by research programs and funding opportunities, but also by
data availability. In contrast, future modeling efforts could be concentrated in the Indian and Antarctic Oceans, seeing the smaller
number of applications in these regions. Terrestrial systems have
been very poorly studied using EwE until now. However, interests have recently been growing for applying the EwE modeling
approach to terrestrial case studies (Fretzer, 2014). In parallel, the
complexity of EwE models has been increasing over time, notably
with the inclusion of a higher number of functional groups and
the evolution toward a partitioning approach for the representation the food web in some cases. However, a signiﬁcant proportion
of recent EwE applications focused on some species (or taxa) of
particular interest, so that the representation of the food web was
centered on these species, using a more selective approach.

Over the last three decades, the research questions addressed
using EwE models have progressively become more diversiﬁed.
Particularly, the consideration of EwE models for ﬁsheries management has been growing, and their usefulness demonstrated
in several cases (Plagányi, 2007). The metadata compiled in this
study did not account for the speciﬁc use of each model in
operational ﬁsheries management. However, we considered three
representative examples of recent EwE applications supporting
an ecosystem-based management approach (Table 3). These three
models were developed during the last decade using a high number of groups, including multi-stanza, and the Ecosim routine.
These EwE applications were also funded by national agencies
to help developing ecosystem-based ﬁsheries management. More
generally, the main strengths of EwE relate to the improved understanding of the trophic structure of the modeled ecosystem and
the possible comparison between modeled ecosystems (JarreTeichmann, 1998; Plagányi and Butterworth, 2004).
Despite the development of the Ecosim routine allowing for
time-dynamic simulations (Walters et al., 1997, 2000, 2006;
Walters and Christensen, 2007), the static Ecopath routine has also
been used to analyze changes in ecosystems over time, through
the comparison of replicate models. Indeed, using replicates of
Ecopath models may constitute an easier (and complementary)
approach than performing simulations in Ecosim, which are more
complex and data-demanding. Regardless of its complementarity
with Ecosim, the Ecospace routine has been little used to date (7%).
Ecospace has been proposed more recently (Walters et al., 1999)
and the latest improvements made to the routine have not been
widely disseminated yet (Walters et al., 2010; Christensen et al.,
2014). Likewise, Ecotroph is a relatively recent plug-in (Gascuel
and Pauly, 2009), which has thus been rarely applied, but the recent
implementation of the plug-in in R (Colléter et al., 2013a) may allow
for a wider application. With the release of EwE version 6, more
ﬂexibility was implemented in the software and users were given
access to the source code of the model. Thus, EwE modelers will be
more and more inclined to develop their own plug-ins (e.g., Coll and
Steenbeek, 2014) and take full advantage of the multiple potentials
of the EwE modeling approach, including the EcoBase repository.
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