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APPENDIX 1
Ecopath with Ecosim
Ecopath with Ecosim (EwE) is an ecosystem modelling tool meant to help researchers explore the complex interactions of marine organisms and consider the impacts of fishery policies throughout the food web. Invented by Polovina (1984) and advanced by Christensen and Pauly (1992, 1993), Walters et al. (1997, 1999) and Christensen and Walters (2004a) among others, EwE is a mass-balance trophic simulator that acts as a thermodynamic accounting system. Summarizing all ecosystem components into a small number of functional groups (i.e. species aggregated by trophic, life history and niche similarity), the model describes the flux of matter and energy in and out of each group, accounts for energy lost in respiration and as unassimilated food, and can represent human influence through removals and other ways. 
Ecopath (Polovina 1984; Christensen & Pauly 1992) is a static trophic model that represents an instantaneous ‘snapshot’ of food web dynamics. It operates under two main assumptions. The first is that biological production within a functional group equals the sum of mortality caused by fisheries and predators, net migration, biomass accumulation and other unexplained mortality (Eq. 1).
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where Bi and Bj are biomasses of prey (i) and predator (j), respectively; P/Bi is the production/biomass ratio; Yi is the total fishery catch rate of group (i); Q/Bj is the consumption/biomass ratio; DCij is the fraction of prey (i) in the average diet of predator (j); Ei is the net migration rate and BAi is the biomass accumulation rate for group (i). EEi is the ecotrophic efficiency, the fraction of mortality explained in the model. The second assumption is that consumption within a group equals the sum of production, respiration and unassimilated food (Eq. 2).
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where GS is the proportion of food unassimilated; and TM is the trophic mode expressing the degree of heterotrophy (where 0 and 1 represent autotrophs and heterotrophs, respectively). Intermediate values represent facultative consumers. Ecopath uses a set of algorithms (Mackay 1981) to simultaneously solve n linear equations like Eq. (1), where n is the number of functional groups. 
Ecosim (Walters et al. 1997) adds temporal dynamics through coupled differential equations derived from Eq. (1). Biomass dynamics are described by Eq. (3).
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where dBi/dt represents biomass growth rate of group (i) during the interval dt; gi represents the net growth efficiency (production/consumption ratio); Ii is the immigration rate; Mi and Fi are natural and fishing mortality rates of group (i), respectively; ei is emigration rate; and (Bj,Bi) is a function used to predict consumption rates of predator (j) on prey (i) according to foraging arena theory, the application of which is one of EwE’s principle innovations (Walters & Juanes 1993; Walters & Korman 1999; Walters & Martell 2004). EwE is also capable of representing behavioural and physical dependencies between species through mediation functions, in which predator-prey interaction rates are mediated by the biomass of a third functional group.
Other important routines present in the EwE suite of programs include Ecospace (Walters et al. 1999), a spatiotemporal simulator hosting an array of linked Ecosim models as elements of a two-dimensional regular grid, a network analysis routine for computing system flow indices (Ulanowicz 1986; Ulanowicz & Puccia 1990), Ecoranger, a semi-Bayesian parameter estimation routine (Christensen & Walters 2004a), a fisheries policy optimization routine (Christensen & Walters 2004b) and an auto-balancing routine (Kavanagh et al. 2004).
EwE has a large user base, with over 6000 registered users in 155 countries (see URL http://www.ecopath.org). There are now dozens of published articles that use EwE to describe ecosystems, to qualify data and test hypotheses (see review in Christensen & Walters 2005). EwE has been used in actual fisheries management, but to a limited extent (Christensen & Walters 2005). Reviews and criticisms of the EwE approach are provided by Fulton et al. (2003), Christensen and Walters (2004a), and Plagányi and Butterworth (2004). Development of EwE is ongoing; Version 6 (beta) was released in September 2007, and offers a more intuitive graphical user interface, modularized code and some additional functionality.
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