All current policy frameworks

Objectives
History (please, give literature references in the appendix)

All current policy frameworks for the marine environment (e.g. Common Fishery Policy, Marine Strategy Framework Directive) aim at a progressive implementation of an Ecosystem Approach. Within the Common Fishery Policy (CFP) the ecosystem approach to fisheries management (EAFM) tries to protect the ecosystem for negative impacts of exploitation, while utilizing the production capacity of fisheries resources for food production. Hence, EAFM requires detailed knowledge on the ecosystem impact of fisheries. The impact depends on the type of fishing gear used as well as the spatial and temporal distribution of fishing effort (Piet & Quirijns, 2009). The latter are dependent on the interaction between the fisheries and its fish stocks governed by fisheries management and socio-economic factors. With knowledge on the underlying fleet dynamic processes, fisheries management can be evaluated on the basis of its impact on the target fisheries resources and the wider ecosystem.

Many fishing gears are known to have direct and indirect effects on the habitat, diversity and structure of a benthic community (Jennings & Kaiser, 1998). The intensity of disturbance of the community is largely dependent on the fishing technique (active or passive), details of the gear and sediment type. The impact of active fishing techniques, such as trawling and dredging, on the seabed are a particular environmental concern as they can modify seabed habitat, disrupt food web processes and extirpate vulnerable species (Hall, 1999 & Hiddink et al, 2006). Seabed modification is less evident for passive gears (gill-net, long-lines etc.) but "ghost-fishing" (i.e. lost gear that continues to fish for an unknown period of time) and large by-catches of marine mammals, birds and elasmobranches are of great concern, and several stocks are in danger of collapsing (Jennings & Kaiser, 1998). In general the inability of gears for selective fishing raises concern. Many Illegal undersized and non-target species are being caught and discarded, causing undesirably high levels of mortality. Despite the moratorium of 1992 on large-scale drift-net fishing and the recent developments of escape strategies for non-target and undersized commercial species, few attempts have been made to reduce by-catch or physical effects of fishing gears on invertebrate benthic species. However, we do know the effects of physical disturbance will be temporary in communities adapted to frequent natural perturbations in contrast to those found in habitats exposed to fewer disturbances (Jennings & Kaiser, 1998).

The dynamic of a fishing fleets is the result of individual choices by fishers with regard to when and where to fish, on which species and with which type of gear, as well as the investments (Hilborn, 1985). The individual choices are determined by the spatial and temporal distribution of the main target species, the costs involved in exploiting different fishing grounds, the interactions among fishing vessels and the constraints imposed by management, economic conditions and weather (Gillis et al. 1995b ; Rijnsdorp et al., 2008; Poos et al., 2009). Quirijns et al. (2008) showed that the beam trawl fleet changed its distribution pattern towards the southern North Sea in response to a change in the relative abundance of its two main target species and an increase in the fuel cost, making it less profitable to fish further away from the harbours.

Given a certain resource distribution and management constraints, the key processes that determine the effort allocation are the interaction among fishing vessels exploiting the same fishing ground and the predictability of the resource distribution. Because fisheries resources are distributed in patches, fishing fleets will aggregate on local fishing grounds where the catch rate is high (Rijnsdorp et al. 2000a, 2000b). On these local patches, vessels may interact, lowering the efficiency of their operations. Interactions may be due to vessels hindering each other in their operations (Gillis 1999), or to the response of fish to disturbance which lower their catchability (Poos & Rijnsdorp 2007a, 2007b). This interference competition will have far reaching implications for the distribution of the resources as it will lead to a spreading out of the fishers over a wider range of fishing grounds (Gillis & Peterman 1998; Gillis 2003). The competitive power will likely differ among vessels, as it is well known that catch rates are a function of vessel characteristics such as engine power (Rijnsdorp et al. 2006; Eigaard 2009), which may result in a spatial segregation of fishing vessels (Poos et al. 2010).

The distribution of the fisheries resource is predictable to some extent. Fish populations show annual migrations between spawning and feeding areas which will give rise to predictable large scale patterns in resource availability (Poos and Rijnsdorp, 2007). On a smaller scale, fish show aggregations, very likely in response to their food, which may persist for a period of a few days up to 2-weeks (Poos and Rijnsdorp, 2007). Where these local patches are located is unknown, and fishers have to sample the environment to find them. Rijnsdorp et al., (2000a) estimated that about 25% of the tows were used to sample the environment, while 75% was used to exploit local patches. The efficiency with which fishers may detect local concentrations will depend whether or not fishers share information and the number of fishers that are present in a certain area.

On a small-scale, aggregation of the target species is temporarily and the spatial distribution of these aggregation is unknown to fishers (Poos & Rijnsdorp, 2007a). Efficiency is a key component to maximize a fishers profit. By sharing information on the resource distribution, fishers can reduce exploratory fishing time, travel time and handling of the gear, increasing their catch rate. However, little research is available on how fishers cope with this imperfect knowledge on resource distribution and how fishers share information mutually. The relationship between fishing units can be very complex. Technical interactions (i.e. the competitive externalities resulting from a shared exploitation of common resources or fishing grounds) among various fishing units can be high (Ulrich et al. 2001). Fisheries may suffer potential economic loss due to by-catch and discarding or damage to gear by interference. distribution of these aggregation is unknown to fishers (Poos & Rijnsdorp, 2007a). Efficiency is a key component to maximize a fishers profit. By sharing information on the resource distribution, fishers can reduce exploratory fishing time, travel time and handling of the gear, increasing their catch rate. However, little research is available on how fishers cope with this imperfect knowledge on resource distribution and how fishers share information mutually. The relationship between fishing units can be very complex. Technical interactions (i.e. the competitive externalities resulting from a shared exploitation of common resources or fishing grounds) among various fishing units can be high (Ulrich et al. 2001). Fisheries may suffer potential economic loss due to by-catch and discarding or damage to gear by interference. Assessing these interactions can be of great importance for fisheries management.

The dynamics of a fishing fleet can be modeled based on the assumption of profit maximization using dynamic state variable models (Clark and Mangel, 2000). This approach is based on the evaluation of a time series of decisions taken to maximize the profits within the constraints set by management regulations such as restrictions on the amount of fish that can be landed, or the number of fishing days that are available. This approach has been applied successfully in several studies (Gillis et al. 1995a; Babcock & Pikitch 2000) without inclusion of the interactive processes among fishing vessels. Zorg ervoor dat je hier enkele zinnen opneemt die terugverwijzen naar de 3 doelstellingen die je in summary of objectives hebt genoemd. This PhD project aims at incorporating interactions such as competition, quota trade, and information sharing. Adding these interactions will be done by extending the dynamic state variable modeling approach, and using the genetic algorithm approach (Davis, 1991), such that frequency and density dependence can be incorporated.
Formulation of the problem
This project aims at developing a spatially explicit model on the effort allocation of a fleet targeting several species. The model will be applied to evaluate the implication of management measures on the spatial distribution of the fleet and the implications thereof for the ecosystem effects of the fishery. The model describes the ecosystem impact of different gear types on various ecosystem components as well as the dynamics in space and time of the fisheries and the fish stocks. The model will be developed for a mixed fisheries case comprising of trawl and fixed gear and a mix of demersal species such as flatfish and roundfish. Although the model will be linked to the habitat maps and ecosystem component description developed in the Channel Case Study, where sufficient knowledge exists on the demersal fish and benthos communities, the aim is to develop a generic methodology that will be applicable to a wider range of demersal fisheries.
Methodology
An existing model will be extended using C++ as computer language, linked to the R-statistics environment. The model uses an Individual Based Modeling approach in which individual fishers are modeled by formulating specified behavioural rules. This approach is flexible and allows contrasting behavioural rules on the dynamics of effort allocation. The fishers operate in a spatially and seasonally heterogeneous environment with changing resource abundance, constrained by management. Within the set of behavioural choices that each individual has, bounded by the constraints, the optimum choice is evaluated based in a utility function that describes the result of the choice in a single currency. This currency is taken to be the net profit of the individual.

The dynamic state variable model is one of the optimality model types that allows estimating the optimal choice of an individual (Gillis et al, 1995; Babcock and Pikitch, 2000). It is a very flexible modeling technique that allows evaluation of a utility function at the end of a time period, while sequences of choices are made that have to result in reaching the maximum of the utility function. Dynamic state variable models have been applied successfully in a broad range of ecological and fisheries related problems and can be used in this study to model the dynamics of a fishing fleet based on the assumption of profit maximalisation.

Although dynamic state variable models are a very powerful modeling tool, the method also has some drawbacks. First of all, dynamic state variable models suffer from what is known as "the curse of dimensionality". This means that, as the number of different states that describe the state space increases, the dimensions of the state space increases, and computation time and computer memory increases exponentially. Second, frequency and density dependence are difficult to deal with in a dynamic state variable model. This is the reason for also exploring approaches based on other optimization techniques, such as the genetic algorithm. Models based on the genetic algorithm do allow for easier incorporation of frequency and density dependence, and are thus a potential way forward in modeling fleet behavior. Interference competitive processes will be based on available knowledge from previous work (Rijnsdorp et al., 2000; Poos and Rijnsdorp, 2007).

How fishers cope with imperfect knowledge on resource distribution has not yet been studied. Within this project, the predictability of the resource distribution and fishing patterns will be analysed to quantify how fishers trade off between sampling of new grounds and exploitation of known grounds. Also, the level of uncertainty will be quantified, in order to incorporate realistic levels of uncertainty in the models. The role of information exchange among fishers will be studied by analyzing the response of the fleet to local variations in catch rates.

The implications of the fleet dynamics as part of an Ecosystem Approach to Fisheries management will be explored by evaluating a number of management scenarios relevant for a specific issue. Management scenarios will be chosen to mimic the management measures already imposed or measures that are currently being discussed. These management scenarios will not only be evaluated in relation to the policy objectives of the target species but also in relation to objectives relating to other ecosystem components (e.g. benthos, habitats). Relevant parameters needed to assess the ecosystem effects of the fishery (bottom trawling impact on benthos, bycatch of non-target and/or undersized fish, destruction of habitat) will be collected from the literature.
Work plan for the entire project, including writing of the thesis in the fourth year
Year 1
· Analysis of predictability of the resource distribution in space and time finished

· Analysis of the exchange among fishers finished

· Paper (1) on the uncertainty in resource distribution on the effort allocation of fishers

· Paper (2) Review on the Ecosystem approach to fisheries
Year 2
· Effort allocation model developed, including interference interactions among fishers and uncertainty in resource distribution.

· Paper (3) on the role of information exchange between fishers and its influence on the effort allocation of the fleet.

· Scenario study specifications developed
Year 3
· Scenario exploration of the ecosystem implications of management measures finished

· Paper (4) on the effort allocation model including uncertainty in resource distribution and interference interaction among fishers
Year 4
· paper (5) on ecosystem approach to fisheries management applying the effort allocation model and testing the implications of different management scenarios.

· Complete remaining manuscripts and finish thesis.
Feasibility

How is adequate supervision guaranteed?
Wageningen IMARES guarantees the support of this PhD-project.

How is the execution of the research (facilities, technical assistance) guaranteed?

Wageningen IMARES guarantees the support of this PhD-project.

Which agreements have been made regarding cooperation with others?
This PhD-project falls within the MARIFISH regional programme "Towards adopting an ecosystem based approach for fisheries management in the Channel: spatial characterisation and management of fishing effects". The objective of the programme is to identify the fishing effects on the Channel ecosystem and to propose possible management actions. The programme comprises the following components: (i) characterisation of habitat based on existing data (France); (ii) Impacts of fishing and management actions on habitats and food webs (UK); (iii) Socioeconomic effects of management actions; (iv) modelling the ecosystem impacts of mixed demersal fisheries (NL, IMARES, Research for Ministry of Agriculture); (v) Mitigating ecosystem effects through gear modifications (Belgium); (vi) international compilation of VMS data at the metier scale. The MARIFISH programme will facilitate collaborations across the different projects.

This PhD project will participate in the graduate research school WIAS.
How is financing guaranteed?
IMARES will fund the project from a contribution of the MARIFISH project through IFREMER, and a contribution by the LNV.

Projects carried out at the WU Department of Animal Sciences that are externally funded or use a Zodiac experimental facility, need the agreement on the project's budget by the Animal Sciences Office!
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