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VECTORS Overview 

‘VECTORS seeks to develop integrated, multidisciplinary research-based understanding that will contribute the 
information and knowledge required for addressing forthcoming requirements, policies and regulations across 
multiple sectors.’ 
 
Marine life makes a substantial contribution to the economy and society of Europe.  In reflection of this 
VECTORS is a substantial integrated EU funded project of 38 partner institutes and a budget of €16.33 million. 
It aims to elucidate the drivers, pressures and vectors that cause change in marine life, the mechanisms by 
which they do so, the impacts that they have on ecosystem structures and functioning, and on the economics 
of associated marine sectors and society. VECTORS will particularly focus on causes and consequences of 
invasive alien species, outbreak forming species, and changes in fish distribution and productivity. New and 
existing knowledge and insight will be synthesized and integrated to project changes in marine life, ecosystems 
and economies under future scenarios for adaptation and mitigation in the light of new technologies, fishing 
strategies and policy needs. VECTORS will evaluate current forms and mechanisms of marine governance in 
relation to the vectors of change. Based on its findings, VECTORS will provide solutions and tools for relevant 
stakeholders and policymakers, to be available for use during the lifetime of the project. 
 
The project will address a complex array of interests comprising areas of concern for marine life, biodiversity, 
sectoral interests, regional seas, and academic disciplines and especially the interests of stakeholders. 
VECTORS will ensure that the links and interactions between all these areas of interest are explored, 
explained, modeled and communicated effectively to the relevant stakeholders. The VECTORS consortium is 
extremely experienced and genuinely multidisciplinary. It includes a mixture of natural scientists with 
knowledge of socio-economic aspects, and social scientists (environmental economists, policy and governance 
analysts and environmental law specialists) with interests in natural system functioning.  VECTORS is therefore 
fully equipped to deliver the integrated interdisciplinary research required to achieve its objectives with maximal 
impact in the arenas of science, policy, management and society. 
 

www.marine-vectors.eu 
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Executive Summary 
The scope of this report is to present the science developed within the VECTORS project to improve the 
understanding of the key processes driving the behaviour of human agents utilising a variety of EU maritime 
domains. While particular attention has been paid to the spatial interactions between fishing activities and 
other human uses (e.g., maritime traffic, offshore wind parks, aggregate extractions), the behaviour of non-
fishing sectors of activity has also been considered.  Various quantitative and semi-qualitative approaches 
have been pursued to gain better insight into behavioural drivers based on past data, and also forecast how 
human agents would react if access was constrained by either management (e.g. Marine Protected Areas – 
MPA), or the installation of a new operator. This report covers the North Sea and Eastern Channel, and also 
one area of the Baltic Sea: the Gdansk Bay. 

Fine-scale catch and effort data by fishing vessel, fishing trip, gear used and ICES rectangle visited have 
been made available for the French, Dutch, English and German fleets. The VECTORS WP2.3 team has also 
collected data from the non-fishing sectors of activity, in particular, aggregate extractions and maritime traffic. 
The objective of collecting data for non-fishing sectors is to produce a Spatial Overlap Metric measuring the 
constraint exerted by other sectors of activity on fishing. Comprehensive aggregate extraction and shipping 
intensity metrics could then be derived dynamically at a fine spatial and temporal resolution. For the other 
sectors potentially competing for space with fishing (e.g., wind farms, oil/gas extractions, aquaculture), and 
also for protected areas, a static overlap metric has been set to the surface occupied by the plant or area 
protected. In order to apply common methodologies and codes across different case studies, whilst abiding 
by confidentiality issues around these data, it has been decided to develop a common exchange format to 
collate the data used in subsequent analyses; five tables have then been produced. 

Two complementary types of approaches have been carried out to analyse and/or model the mechanisms of 
human behaviour, which are hereby referred to as quantitative and qualitative research. Quantitative 
research consisted of analysing fishing decision-making processes based on existing data and then making 
forecasts building on scenarios, while qualitative research consisted of interviewing stakeholders from 
different sectors of activity to get their views on both their past and likely future behaviour. Different 
methodological approaches have been pursued by different institutes, and these were applied to several case 
studies wherever possible. 

Modelling the current and past dynamics of fishing vessels 

The understanding of the dynamics of fishing vessels is of great interest to define sustainable fishing 
strategies and to characterize the spatial distribution of the fishing effort. It is also a prerequisite to anticipate 
changes in fishermen’s strategy in reaction to management rules, the economic context or the evolution of 
exploited resources. 

In this context, analysis of individual vessel's trajectories offers promising perspectives to describe behaviour 
during fishing trips. A hidden Markov model with two behavioural states (steaming and fishing) was 
developed to infer the sequence of non-observed fishing vessel behaviour along the vessels' trajectory based 
on GPS records. Conditionally to the behaviour, vessels movements were modelled by a discrete time 
solution of a (continuous time) stochastic differential equation on vectorial speeds. The model's parameters 
and the sequence of hidden behavioural states were estimated using an Expectation-Maximization algorithm, 
coupled with the Viterbi algorithm that captures the most credible joint sequence of hidden states. A 
simulation approach was performed, that outlined the importance of contrast between the model’s 
parameters as well as the influence of path length to allow good estimation performances. The model was 
then fitted to four original GPS tracks recorded with a time step of 15 minutes derived from voluntary fishing 
vessels operating in the Channel within the IFREMER's RECOPESCA project. Results showed differences in 
parameter estimation depending on the gear used, on both the speeds during fishing operations and the 
Markovian transitions between behaviours. Results also suggested the benefits of future inclusion of 
variables such as tidal currents within the ecosystem approach of fisheries. 

Hidden Markov models are well suited to describe jointly fishing boat movement and associated fishing 
activities. They allow us to estimate the sequence of activities (i.e. fishing, travelling) along a trajectory, as 
well as the movement parameters (speed, turning angle) associated with each activity. Normally, these 
models are developed to characterize the spatial dynamics of fishing vessels that belong to a specific fishery 
with a given métier. However, because of the large variability that exists in fishing practices, some 
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adaptations in the modelling structure are needed when the spatial dynamics of one or several fishing fleets 
present a mixture of métiers with distinct traits of movement and trajectory. A procedure was developed to 
capture the variability of fishing practices and associated vessel trajectories. Fishing trips were characterized 
by their métiers, which were identified for each gear by clustering landing profiles (in value). Fishing boat 
trajectories were described using movement parameters (speed, acceleration, turning angles, straightness) 
estimated from GPS positions recorded along the tracks. A principal component analysis was performed to 
provide a detailed description of the different trajectory patterns in relation with fishing trip specificities (i.e. 
vessel, gear, métier). Hidden Markov models were then fitted for some selected fishing trips. Two types of 
models were considered. The basic one was a 2 states model with behavioural activities corresponding to 
fishing and traveling. The second one presented a number of fishing states depending on the number of 
métiers identified for the trip. Fitting performance was compared based on DIC and estimated confidence 
intervals for the parameters. This procedure was applied to a set of volunteer vessels participating in the 
RECOPESCA project from IFREMER in the Bay of Biscay and the English Channel for years 2011-2012. We 
show that fishing trip activities, such as métiers, were structuring variables for trajectories, which helped to 
specify properly hidden Markov models. 

Discrete choice models building in a random utility function (RUMs) have also been used to aid 
understanding and modelling of fleet dynamics and to anticipate how fishing effort is re-allocated following 
any permanent or seasonal closure of fishing grounds, given the competition for space with other active 
maritime sectors. 

A first Random Utility Model (RUM) was developed and initially applied to determine how fishing effort is 
allocated spatially and temporally by the French demersal mixed fleet fishing in the Eastern English Channel. 
The spatial resolution of this investigation was that of an ICES rectangle (30’ x 60’). The explanatory 
variables chosen were  past effort i.e. experience or habit, previous catch to represent previous success, % 
of area occupied by spatial regulation, and by other competing maritime sectors. Results showed that fishers 
tended to adhere to past annual fishing practices, except for the fleet targeting molluscs which exhibited 
within year behaviour influenced by seasonality. Furthermore, results indicated generally that maritime traffic 
may impact negatively on fishing decision. Finally, the model was validated by comparing predicted re-
allocation of effort against observed effort, for which there was a close correlation. The method was also 
applied to the Dutch beam trawl fleet (2008-2010). The Dutch fleets’ activity was well captured by the model 
which included only biological and economic drivers. Predictions were accurate and followed the seasonal 
patterns well. To predict the long term changes in fishing activity additional factors, such as the competition 
for space with other marine users, should be included and changes in fish distribution should be linked to the 
current model. 

A second Random Utility Model (RUM) was developed using a finer spatial resolution (15’ x 15’) and initially 
applied to analyse the determinants of English and Welsh scallop-dredging fleet behaviour, including 
competing sectors operating in the eastern English Channel. Results show that aggregate activity, maritime 
traffic, expected costs, English inshore 6 and French sovereign 12 mile nautical limits negatively impact the 
choice of fishers, and conversely that past success, expected revenues and fishing within the 12 nautical mile 
limit have a positive effect on their utility. The model has potential application for Marine Spatial Planning 
(MSP). This RUM was also used to evaluate the interactions of fishing effort allocation and shipping for the 
Dutch demersal fleet fishing in the English Channel, this analysis of the French and UK fleets was also 
undertaken for Dutch seiners operating in the Eastern Channel. The parameters associated with the gross 
revenue all had positive parameter estimates for the means, as is expected from fishers seeking to maximise 
net revenues. The parameters associated with costs were also positive, which is striking, given that one 
would expect a cost minimization. The positive estimates could be caused by the trips to Dutch harbours that 
are in the data set. The closed area parameters are both negative, reflecting the fact that fishing is not 
allowed in these areas. The parameters associated with the shipping lanes had negative estimates, as in the 
French and English case, but these estimates did not differ significantly from zero. 

Other spatially-explicit statistical analyses have been conducted to evaluate, separately, the impacts of 
aggregate extraction and maritime traffic.  

In terms of marine aggregate extractions, the effects were investigated of both aggregate extraction intensity 
and the proximity to dredging sites on the distribution of fishing effort, for a broad selection of French and 
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English demersal fleets operating in the Eastern Channel. The most striking result was that for most of the 
fishing fleets and aggregate extraction sites, neither dredging intensity, nor the proximity to the extraction site, 
had a deterring effect on fishing activities. To the contrary, the fishing effort of dredgers and potters could be 
larger in the vicinity of marine aggregates sites than in their neighbourhood and also positively correlated to 
extraction intensity with a lag of 0 to 6 months.  The fishing effort distribution of French netters was overall 
space-invariant over the whole time period under investigation. However, it is important to note that the 
fishing effort of netters has increased substantially in the impacted area of the Dieppe site (where it is 
correlated to dredging intensity with a lag of 6 months), whilst remaining almost constant in the intermediate 
and reference areas. The attraction of fishing fleets is likely due to a local and temporary concentration of 
their main target species. However, knowledge on the vulnerability and life-history characteristics of these 
species to aggregate extractions suggests that over-extending the licensed areas would be detrimental to 
them and to their related fisheries in the longer term. 

In relation to maritime traffic, we investigated whether fishermen’s effort and catch information could be used 
to inform on species distributions and if the observed effort (and catches) could be constrained by other 
activities, such as maritime traffic. In this first attempt to correlate fish distribution observed during a scientific 
survey and fishing catches via linkage of VMS and logbooks data there was a good correlation between the 
observed biomass in October by a scientific survey and fishing location targeting the different demersal 
species in the Eastern Channel. Fleets seem attracted by areas identified to have high abundance densities. 
For most of the species, maritime traffic seems to be a perturbation for the fishing activities. However, in the 
case of the red mullet fishery, vessels seem to avoid traffic lanes except when they expect high fish densities. 
They then may take the risk of fishing inside the traffic lanes or in areas of high marine traffic densities. 

Eliciting the perspectives of fishers 

To validate the outcomes of fleet dynamics models a survey was undertaken of French and Dutch fishers 
operating in the Eastern Channel and in the German Bight. In the Eastern Channel, French fishers did not feel 
constrained in the amount of space they had available for fishing.  The one who did, cited Natura2000 and 
shipping lanes as constraining factors, and said this directly influenced his fishing patterns. Four agreed that they 
conflicted at times with other fishers (all Dutch purse seiners) over space while one mentioned conflicts with 
coast guards. One also cited aggregate extraction (when completed) as resulting in no fishing anymore in that 
area. In the German Bight, Dutch fishers considered that their fishing ground in the German Bight shrank in the 
past 10 years. They have to fish more intensively now on less available fishing grounds. They have to face 
sometimes unsafe situations near oil rigs and wind farms. Finally, fishers do not think they have any influence on 
the increase of competition for space but would like to have more. Closed areas (including real time closures), 
wind farms and Natura 2000 areas have restricted their activities spatially as well as, to a lesser degree, oil rigs, 
shipping, and mussel cultures. -German Bight Dutch fishers earn less and catch less targeted species. They 
have to adapt their fishing pattern. It is crowded now and less safe. Fishers expect more large-area restrictions of 
a permanent character in the near future in the German Bight but will continue fishing since they feel they have 
no choice. 

Interviews were also conducted with representatives of the main sectors of activity (including fishing but also 
non-fishing sectors) in the Eastern Channel, the Dogger Bank and the Gdansk Bay. The pressure on spatial 
usage of European regional seas by various stakeholder groups is intense. In all case study sites, the majority of 
stakeholders feel this pressure will only increase in the future, primarily due to proposals and plans for offshore 
wind farms, the newest entrants to these busy seas.  In some case study areas, such as the eastern English 
Channel and Dogger Bank, applications have already been approved with construction planned; in the German 
Bight wind farms already exist and at least in the Dutch part new proposals have been made1.  In others, such as 
the Gulf of Gdansk, such developments are further away, and unlikely to happen soon due to legal constraints, 
yet the uncertainty of impacts, such as on fishing, is a cause of great concern.  Of all the stakeholder groups, the 
fisheries group was the only one addressed by all surveys and thus can be compared across all case study 
areas: eastern English Channel, the Dogger Bank, the German Bight, and the Gulf of Gdansk.  Fishing is one of 
the oldest activities in all four of the case study areas and though fishers in each area tend to use different gears 

                                                           
1 There are, of course, many wind farms throughout the North Sea; there are simply none operational yet in the case study 
area of the Dogger Bank. 
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and face different pressures, there are a number of similarities among them.  These pressures include: 
regulatory pressures, competition with other users, and area restrictions. 
 
Modelling the future dynamics of fishing vessels 

Having analysed the key determinants of fishers’ and other stakeholders’ decision-making behaviour, the 
future effects of increased resource-based competition (resulting from a discard ban combined with restrictive 
individual fish quotas) or of new area-based constraints (e.g., implementation of new wind farms or 
enforcement of new legally-binding closed areas) were evaluated in the short- and/or the long-term using bio-
economic models. 

The short-term economic effect of implementing wind farms in combination with closed areas was studied in 
the North Sea using an Individual Stress Level Analysis (ISLA). In this study we used the spatial data of the 
Vessel Monitoring System (VMS) coupled with logbooks to assess the stress potentially caused by closure of 
fishing areas. The stress was expressed in financial terms as the percentage of current revenue obtained 
from catch coming from areas to be closed. It is therefore not a loss but more a measure of the level of 
reallocation of fishing needed to maintain the current revenue. 

We used the A2 (“National enterprise” scenario) and B1 (“Global community scenario”) VECTORS scenarios 
to design potential closures due to wind farms, nature conservation areas and maritime traffic in the North 
Sea and we calculated the stress caused by the closures on the Dutch and German 2010 fishing fleets. The 
scenarios investigated envisage large closures leading to stress levels of 7 to 15% for the Dutch fleet and 3 
to 5% for the German fleet. Almost all of the Dutch vessels would be impacted by the closures (more than 
90% of vessels in both cases) while the German fleet would be slightly less impacted (around 55% of vessels 
impacted for A2 and 65% for B1). All Dutch harbours would have seriously impacted vessels (>15% of 
revenue) for both scenarios, although the proportion of those vessels would be higher in B1 scenario, 
especially in the southern harbours. The German harbours would be less impacted with only Büssum 
showing hosting impacted vessels. 

We then examined the longer-term effects of fishers competing for resources and/or space.  First, we 
explored the potential effects of a discard ban in mixed fisheries management using the French mixed 
fisheries in the Eastern English Channel as a model system (DSVM IBM model). The model evaluates a time 
series of decisions taken by fishers to maximize profits within management constraints. Compliance to 
management was tested by applying a tax for exceeding the quota, which was varied in the study. We then 
evaluated the consequences of individual cod quota in both scenarios, with respect to over-quota discarding, 
spatial and temporal effort allocation and switching between métiers. Individual quota management without a 
discard ban hardly influenced fishers’ behaviour, as they could fully utilize cod quota and continue fishing 
other species while discarding cod. In contrast, a discard ban forced fishers to reallocate effort to areas and 
weeks where cod catch is low, at the expense of lower revenue. In general, a restrictive policy for individual 
quota for cod needs to be combined with a discard ban and a high tax to reduce over-quota discarding. 

Second, we evaluated the long-term bio-economic effects of a closed area, using the FISHRENT model, for a 
variety of scenarios. Regulations and changes in market and environmental conditions may change the 
profitability of one fishery and can lead to reallocation of fishing effort. The extent of this effort displacement 
will depend on the relative profitability of the alternative options for the fleet segments affected. When fishing 
areas and fleet segments are heterogeneous, simple aggregate effort models such as those based on the 
ideal free distribution theory may provide inaccurate predictions. A bio-economic optimization and simulation 
model was applied to explore how the different conditions of A2 (“National enterprise” scenario) and B1 
(“Global community scenario”) could impact the fishing effort allocation and the distribution of benefits across 
fleet segments from different nations. In the model the optimization of net profits determines the effort 
adjustment and the investment behaviour of fleet segments, which in turn affects the level of catch rates. This 
tool was applied to the North Sea saithe fishery. For B1 and A2 there was a spatial heterogeneity of the 
fishing effort observed with shifting effort through the year. As profit was maximized, effort aggregated in 
those areas where the costs of fishing (e.g. fuel cost) were low. The simulations demonstrate that A2 and B1 
will have heterogeneous impacts on individual fleet segments from different nations and home ports. Even 
when A2 or B1 did result in little change in overall net profits, there were winners and losers, and the 
distribution of gains and losses may not be intuitively obvious. 



D2.3.1 Mechanisms of change in human behaviour 

D2.3.1                                                                         7                                                       VECTORS 
 

FISHRENT was also applied to the Dutch flatfish fisheries using the A2 and B1 scenarios. The same closure 
scenarios were used as the ones for the individual stress level analysis taking into account wind farms, 
marine protected areas and shipping closures. In addition, the fuel price and fish prices were increased to 
match the trend of the A2 and B1 scenarios for 2010-20130. The projections showed that the effects on the 
fleets were strongly linked to their fuel consumption. The profit of the large beam trawlers that are very 
dependent on fuel prices decreased because the closures forced them to fish further out to sea.  

Finally, an individual-based model (IBM) evaluating the bio-economic efficiency of fishing vessel movements 
from recent, high spatial resolution fishery data (DISPLACE) was further developed to incorporate the 
underlying size-based dynamics of the targeted stocks for Danish and German vessels harvesting the North 
Sea and Baltic Sea fish stocks. The stochastic fishing process is specific to the vessel catching power and 
proportional to the encountered population abundances, based on disaggregated research survey data. The 
impact of the fishing effort displacement on the fish stocks and the vessels’ economic consequences were 
evaluated by simulating individual choices of vessel speed, fishing grounds, and ports. All scenarios led to 
increased energy efficiency, except for the fishing closures due to increased travel distance. On an individual 
scale, the simulations led to gains and losses due to either the interactions between vessels or to the 
alteration of individual patterns. We demonstrate that integrating the spatial activity of vessels and fish 
abundance dynamics allow for more realistic predictions of fishermen behaviour, profits, and stock 
abundance.  

Synthesis of results 

The main objectives of the research carried out in the WP2.3 work package were, 1) to identify and quantify the 
key drivers of fishers’ behaviour interacting with other fleets and other sectors of activity operating in the same 
maritime domain and also, (2) to forecast fishing effort allocation in response to additional spatial or resource-
based constraints due to the implementation of a new sector of activity, closed areas, or other management 
measures. 

Models developed and refined in VECTORS  indicated that traditions (reflected by past effort allocation) and 
economic opportunism are driving factors for effort allocation in both the Eastern Channel and the North Sea for 
the French, English and Dutch fleets investigated, which supported the findings of previous studies applied to 
other fisheries worldwide. Economics and tradition were still more important in driving effort allocation than 
spatial interactions/competitions with other fishing fleets, maritime traffic, aggregate extractions, wind farms and 
closed areas. These model results were largely confirmed by French and Dutch stakeholders interviewed in the 
English Channel and German Bight respectively.  

Fishers interact with other fishers but the nature of the interaction (positive or negative) depends on the metier 
used. In the Eastern Channel maritime traffic adversely influenced English dredgers. Spatial distribution of Dutch 
fly-shooters did not appear to be substantially affected by maritime traffic. Many, but not all, of the French fleets 
under investigation tended to avoid shipping lanes except when stock density was high. In the Eastern Channel 
and German Bight maritime traffic has been a constraint for fishing activities, but is less so nowadays due to the 
decrease in the number of trawlers. In other regions (Dogger Bank, Gdansk Bay), maritime traffic did not appear 
as an important issue to interviewed fishers. 

At a broad spatial scale, over the whole Eastern Channel, aggregate extraction restricts English scallop 
dredgers. However at a more localized level (i.e., for each aggregate extraction site), and for a wider range of 
English and French fleets, the interactions between aggregate extractions and fishing activities are of a more 
complex nature. Some fleets (e.g., potters targeting whelks and large crustaceans, netters targeting sole, and 
even scallop dredgers), were attracted to the vicinity of aggregate extraction sites. 

Fishers’ interviews indicated that wind farms were seen as a concern in the Eastern Channel, the German Bight 
and the Gdansk Bay, but less so in the Dogger Bank.  Oil and gas platforms are already operating in the North 
Sea, and these are considered as an issue by some fishers operating in this region. 

In some areas, competing stakeholders have found ways to work together for integrated spatial management, 
such as in the English Channel and the Dogger Bank, in others such as the Gulf of Gdansk, they are just 
learning to work together.  Some stakeholders come together to push for similar aims, alliances can take place 
even between traditional “competitors.” In the English Channel, groups in general seem to compromise and 
come together, despite differences.  The conservationist mandate has been strengthened in recent years, but is 
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being tempered by the UK government’s vision for “clean, healthy, safe, productive, and biologically diverse 
oceans and seas;” consequently pragmatism and compromise is automatically built-in to the system.  The UK 
has also formed statutory bodies whose role is to liaise with industry to help minimize impacts on the 
environment. In contrast, on the Dogger Bank and in the Gulf of Gdansk, conservationists and other groups 
appear less willing to compromise, making integrated management much more challenging. In the Dutch 
situation most consultations are with other federal agencies, major marine industry sectors, and public review of 
plan documents. The Dutch respondents however don’t think they have any influence on these developments. 

A range of forecast models with different structures were applied to predict the bioeconomic impact on fishing 
fleets of (quota-induced) resource competition combined with discard restrictions and of area-based restrictions 
(inferred by other fleets, other sectors of activity, and/or closed areas) in the short-term and the medium-term 
These forecast models can be ranked by increased complexity, which also provides indications on how these 
should be understood and/or used by marine managers. Simple models provide short-term forecast based on 
historical data only. They could be used by managers to quickly anticipate the stress fishers may experience in 
the short term as a result of the installation of a new plant overlapping with their fishing ground (e.g., oil rig, wind 
farm) or the enforcement of a new closed area. However, they cannot be used by mangers to predict the effects 
on fishing effort spatial displacement or the knock-on pressure exerted on marine ecosystem (and on commercial 
species in particular). More complex models explicitly build in fleet dynamics in the form of effort allocation but do 
not build in the dynamics of fish populations. These could be used by managers to evaluate the impact of catch 
quotas combined with a discard ban or area-based restrictions  on fishing effort allocation one year ahead. The 
most complex of the models investigated account for the dynamics of fishing fleets, fish population, and 
economics. They could be applied to evaluate the impact of area-based restrictions, in combination with 
conservation management measures (e.g., catch or effort quotas), on the conservation and economic utilization 
of fisheries resources in support of marine planning at a fine resolution or to evaluate the impact of economic 
incentives and right-based management (e.g., Individual Transferable Quotas). 
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1 Introduction	
Human use of maritime domains is increasing and diversifying. The current and emerging pressures are 
multiple and interacting including impact from exploitation of living and mineral resources, maritime transport, 
renewable and non-renewable energy production in a context of climate change. Because managing 
ecosystems is first managing people (Leslie and McLeod 2007), a key issue for ocean managers is then to 
anticipate some of the patterns underlying human behaviour, their interactions, and the pressures they may 
exert on the marine ecosystems they exploit. 

Until recently, sea resources were managed on a mono-sectorial basis in most countries worldwide. 
However, it has become evident that increasing competition for marine space and the cumulative impact of 
human activities on marine ecosystems requires a more collaborative and integrated approach to 
management, across the different sectors of activity. This has led many countries worldwide to develop 
ocean policies aiming at managing human activities that can impact their maritime domain in a cross-sectorial 
fashion, an approach now referred to as ecosystem-based management (EBM). In the EU, the move towards 
ecosystem-based management has been materialized by the European Commissions’ Marine Strategy 
Framework Directive - MSFD (EC 2007, EC 2008a), and proposals for effective implementation of Marine 
Spatial Planning (MSP). The MSFD includes a cross-sectorial framework for Community action to achieve 
good environmental status of the marine environment in a context of sustainable development, while MSP 
provides a spatially-explicit management instrument to both enforce ecosystems conservation and alleviate 
competition for space and resources between sectors of activity. 

Marine scientists from various backgrounds have increasingly been requested to provide integrated advice 
(i.e., integrating several elements of the ecosystem and several types of human activities), to inform the 
MSFD and MSP. Providing integrated, ecosystem-based advice requires overcoming several research 
challenges. One of the important challenges for research scientists is to understand spatial interactions 
between human agents belonging to different sectors of activity, and subsequently to anticipate how human 
activities could be redirected following various forms of area restrictions, and also how this reallocation could 
affect the human pressure actually exerted on newly occupied ecosystem compartments. Of particular 
importance is the issue of how fishers would reallocate their fishing effort if access to their traditional fishing 
grounds was restricted by either management (e.g. Marine Protected Area – MPA), or the installation of a 
new sector of activity, and also the extent to which the pressure they exert on marine ecosystems would then 
be modified. 

The scope of this report is to present the science developed within the VECTORS project to improve the 
understanding of the key processes driving the behaviour of human agents utilising a variety of EU maritime 
domains. While particular attention has been paid to the spatial interactions between fishing activities and 
other human uses (e.g., maritime traffic, offshore wind turbine arrays, aggregate extractions), the behaviour 
of non-fishing sectors of activity has also been considered.  Various quantitative and semi-qualitative 
approaches have been pursued to get better insights into behavioural drivers based on past data, and also 
forecast how human agents would react if access was constrained by either management (e.g. Marine 
Protected Area – MPA), or the installation of a new operator. 

This report covers the North Sea and Eastern Channel, and also one area of the Baltic Sea: the Gdansk Bay. 
The expertise and contributions brought about by the different institutes in these case studies is summarised in 
the table below. For each geographical case study, a selection of sectors of activity to be investigated was made. 
Protected areas have been considered for all case studies. The sectors of activity and spatial management to be 
considered across case studies are summarised in the table below. 
 
 North Sea and Eastern Channel Baltic Sea 
 German Bight Dogger Bank Eastern Channel Gdansk Bay 
Commercial fishing     
Recreational fishing     
Shipping     
Aggregate extractions     
Windfarms     
Oil/gas extractions     
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Aquaculture     
Tourism     
Protected areas     
Codes: 
 existing and investigated under VECTORS; 
 not existing yet but future projects investigated under VECTORS; 
 existing but not investigated under VECTORS; 
 
The report starts with a summary description of the data and methods being used, and of the contribution of the 
different partners involved. Chapter A describes the different approaches (discrete-choice models, vessel 
trajectories modelling, time series analyses, semi-qualitative interviews) used to hindcast the behaviour of human 
agents operating in common maritime domains, based on past data. The objective of Chapter B is to forecast 
fishers’ behaviour in both the short-term (using spatial conflict analyses) and the long-term (using a range of 
predictive bio-economic models). The report concludes with a comparison of the results obtained with 
quantitative and stakeholder interview-based approaches, and an opening to the other pieces of research carried 
out within the VECTORS project. 
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2 Summary	of	data	available	and	methods	used	
Data: Catch and effort data by fishing vessel, fishing trip, gear used and ICES rectangle visited have been made 
available for the French, Dutch, English and German fleets (IFREMER, CEFAS, IMARES, LEI and vTI-SF). Fine-
scale VMS data have also been made available for the Dutch, English, German and French vessels above 15 m. 
Some complementary satellite-based fishing information was made available for a panel of voluntary French 
vessels fishing in the Eastern Channel via the RECOPESCA project. The French RECOPESCA project aims to 
derive fishing effort at a fine time and spatial resolution. Sensors are set on voluntary fishing vessels that 
measure different parameters of the fishing operations (setting/pulling gear, etc.) and of the environment 
(temperature, salinity, etc.). Records are registered every 15 minutes. Unlike VMS records, RECOPESCA data 
do not require a proxy to discriminate between fishing and steaming. However, while VMS data are available for 
all vessels above 15 m, RECOPESCA data are only available for the panel of voluntary vessels. Finally, both 
catch and effort data by fishing operation are available from observers on-board voluntary fishing vessels 
participating in EU discards monitoring programmes. 

The VECTORS WP2.3 team also sought data from the non-fishing sectors of activity, and particularly aggregate 
extraction and maritime traffic. The objective of collecting data for non-fishing sectors was to produce a Spatial 
Overlap Metric (SOM) measuring the constraint exerted by other sectors of activity on fishing. Comprehensive 
dredging information (day and area of extraction, volume extracted and/or dredging intensity in hours) was 
collected by CEFAS, the University of Rouen and IFREMER from English and French aggregate extraction 
companies operating in the Eastern Channel. In many cases, data mining was not free of charge, and further 
funding had to be sought outside of the VECTORS project (CEFAS). Access to maritime traffic information was 
successfully achieved by CEFAS via the AIS programme (ships’ positions recorded on average every 30 
seconds). Access was then granted by UK coastguards to a wide coverage of the maritime traffic in the Eastern 
Channel for the period 2005-2011. Similar AIS information has been made available for the North Sea by 
IMARES and LEI. For the other sectors potentially competing for space with fishing (e.g., wind turbine arrays, 
oil/gas extractions, aquaculture), the SOM was set to the surface occupied by the plant. A similar approach has 
been pursued to estimate the SOM resulting from protected areas. 

In order to apply common methodologies and codes across different case studies, whilst abiding by outstanding 
confidentiality issues around these data, it was decided to develop a common exchange format to collate the 
data presented above for all participating institutes.  However, it is stressed that unless specified, the databases 
could not be exchanged across institutes.  Only statistical and modelling packages applicable to those databases 
were distributed by the responsible work package co-ordinators to data owners. The exchange format including 
mainly 5 tables is fully detailed on the VECTORS website. These tables are summarized below: 

 EFLALO: Vessels’ physical attributes, fishing effort and landings, by fishing trip, gear & ICES rectangle (30’ x 
60’) 

 EFLALO++: Vessels’ physical attributes, fishing effort and landings, by fishing operation & fine-scale area (3’ 
x 3’) 

 ARBRE-DYN: Protected areas and daily activity of other sectors interacting dynamically with fishing by fine-
scale area (3’ x 3’) 

 ARBRE-STAT: Protected areas and daily activity of other sectors interacting statically with fishing by fine-
scale area (3’ x 3’) 

 TACSAT: Fishing activity, based on satellite monitoring 
 
The Table below shows data availability per institute and per case study (cells highlighted in yellow). 
  EFLALO EFLALO++ TACSAT ARBRE-DYN ARBRE-STAT 
CEFAS E. Channel      
DTU-Aqua D. Bank      
IFREMER E. Channel      
LEI/IMARES D. Bank      
 G. Bight      

TI-SF D. Bank      

 G. Bight      
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Methods development: Two complementary types of approaches have been carried out to analyse and/or 
model the mechanisms of human behaviour, which are hereby referred to as quantitative and qualitative 
research. Quantitative research consisted of analysing and modelling fishing decision-making processes based 
on existing data, while qualitative research consisted of interviewing stakeholders from different sectors of 
activity to get their views on both their past and likely future behaviour. Different methodological approaches 
have been pursued by different institutes, and these are summarized below: 
 IFREMER and CEFAS focused on the modelling of fishing effort distribution using discrete-choice models 

building in a RUM (Random Utility Model) function,. The external determinants considered in modelling fishers’ 
decision-making were economics, traditions, spatial management (12-mile zone) and spatial competition with 
other fishing fleets, maritime traffic and aggregate extractions. Two separate models were developed for the 
Eastern Channel using R and SAS software, one using an ICES rectangle (30’ x 60’) observation window, and 
the other one a 3’ x 3’ spatial resolution. Both prototype fleet dynamics were applied to the Dutch fleets, 
operating in the Eastern Channel, the Dogger Bank and the German Bight, using the common exchange format 
presented above (with contribution of LEI and IMARES). 

 Agrocampus-Ouest and IFREMER modelled vessel trajectories using HMC – Hidden Markov Chains, and also 
methods based on stochastic differential equations. Tools were developed to characterize the fine-scale spatio-
temporal dynamics of fishing effort, using VMS data. 

 LEI and TI-SF developed a stress level analysis for the German Bight. They calculated in particular a stress 
level: percentage of fishing effort/catch/revenues of total effort/catch/revenues blocked by competing activities. 
This index was then be used to analyse the short-term impact of future management on fisheries revenues, 
and to compare the performances of different management scenarios. A prerequisite to the derivation of this 
index level was the identification of past revenues in areas which might be closed to fisheries in future. 

 LEI, TI-SF, IMARES and DTU-AQUA focused on the development of three bio-economic forecast fisheries 
models building in fleet dynamics in different ways, FISHRENT, DSVM – Dynamic State Variable Model, and 
DISPLACE. FISHRENT was initially developed by  economists and then expanded within VECTORS to 
account for spatially-explicit biological and ecological processes, FISHRENT also includes other sectors of 
activity than fishing, and it builds in long-term behaviour (investment/disinvestments). German and Dutch fleets 
were already parameterised in FISHRENT for the German Bight. The application was extended to English, 
French and Danish fleets fishing for saithe in the Northern North Sea. Both DSVM and DISPLACE are 
Individual-Based Models (IBM). DSVM was used to evaluate competition, among several fishing fleets, for 
harvesting common fish resources in the Eastern Channel. DSVM builds in demography of fish populations and 
models both effort allocation and discarding practices. DISPLACE evaluates the bio-economic efficiency of 
fishing vessel movements from recent high resolution spatial fishery data. DISPLACE considers the underlying 
size-based dynamics of the targeted stocks for Danish and German vessels harvesting the North Sea and 
Baltic Sea fish stocks. The stochastic fishing process is specific to the vessel catching power and proportional 
to the encountered population abundances, based on disaggregated research survey data. The impact of the 
fishing effort displacement on the fish stocks and the vessels’ economic consequences were evaluated by 
simulating individual choices of vessel speed, fishing grounds, and ports. 

 IFM, LEI and IOPAS led the qualitative research part of WP2.3. Qualitative research, consisting of semi-
structured and structured surveys, was conducted to investigate competition between the different users of the 
marine environment. A comparative questionnaire was developed to be used in support of qualitative semi-
structured stakeholder interviews. Interviews were undertaken with 2-3 representatives of each stakeholder 
group.  The interviews with marine users sought information on, (1) which competition for space (and/or 
species) they already experience from each other, (2) their expectations on future competition, (3) the influence 
of restriction/temporary area closures and how they (would) deal with those and, (4) the motivations underlying 
their decision-making. The goal was to provide results from qualitative research as inputs to model 
developments and to also validate the simulation results obtained with the (quantitative) modelling approach. 
Of particular importance was the identification of the determinants of fishing behaviour, the design of realistic 
scenarios to be simulated, and the likely impact of new forms of area restriction on future fishers’ behaviour. 

 
In short, all participating institutes presented a variety of approaches to fleet dynamics modeling and the results 
they obtained. These methods were applied to alternative case studies. These different approaches and their 
case study applications are summarized in the Table below. 
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  Eastern Channel Dogger Bank G. Bight Saithe fishery 
  FRA GBR NLD DEN GBR GER NLD GER NLD FRA GER GBR DEN 
CEFAS Random 

Utility 
Model 

             

IFREMER Random 
Utility 
Model 

             

 Other 
spatial 
approaches 

             

DTU-Aqua Individual-
Based 
Model 

             

IMARES Individual-
Based 
Model 

             

LEI / TI-SF FISHRENT              
 Spatial 

Conflict 
Analysis 

             

AGRO/IFREMER Trajectory 
Models 
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A.  Hindcasting the behaviour of human agents 
operating in a common maritime domain 

 

1 Modelling	the	spatial	dynamics	of	fishing	effort	

1.1 Modelling	vessels	trajectories	using	Hidden	Markov	Chains	

1.1.1 An	autoregressive	model	to	describe	fishing	vessel	movement	and	activity	

The following report is due to be published as a paper with the following reference: 
Gloaguen, P., Mahévas, S., Rivot, E., Woillez, M., Guitton, J., Vermard, Y., and Etienne, M. An autoregressive 
model to describe fishing vessel movement and activity. Submitted to Environmetrics, under review. 
 
Section Abstract 
The understanding of the dynamics of fishing vessels is of great interest to define sustainable fishing strategies 
and to characterize the spatial distribution of the fishing effort. It is also a prerequisite to anticipate changes in 
fishermen’s strategy in reaction to management rules, the economic context or the evolution of exploited 
resources. In this context, analysing individual vessel's trajectories offers promising perspectives to describe the 
behaviour during fishing trips.  

A hidden Markov model with two behavioural states (steaming and fishing) is developed to infer the sequence of 
non-observed fishing vessel behaviour along the vessels' trajectory based on GPS records. Conditionally to the 
behaviour, vessels movements are modelled by a discrete time solution of a (continuous time) stochastic 
differential equation on vectorial speeds. The model's parameters and the sequence of hidden behavioural states 
were estimated using an Expectation-Maximization algorithm, coupled with the Viterbi algorithm that captures the 
most credible joint sequence of hidden states.  

A simulation approach was performed, that outlined the importance of contrast between the model’s parameters 
as well as the influence of path length to allow good estimation performances. The model was then fitted to four 
original GPS tracks recorded with a time step of 15 minutes derived from volunteer fishing vessels operating in 
the Channel within  IFREMER's RECOPESCA project. Results showed differences on parameters estimation 
depending on the gear used, on both the speeds during fishing operations and the Markovian transitions 
between behaviours. Results also suggested future inclusion of variables such as tide currents within the 
ecosystem approach of fisheries. 

 

Introduction 
 
The understanding of the dynamics of fishing vessels is essential to estimate the impact of fishing pressure on 
the marine ecosystem. It is widely accepted that spatial and seasonal variability of many factors, such as the 
species assemblage (targeted or accessory), the economy, the environment, fishing regulations and individual 
preferences, influence fishermen’s decisions and induce an heterogeneous distribution of the fishing effort. 
Therefore, characterizing spatial distribution of fishing effort on a fine spatial scale is crucial to assess fishing 
mortalities accurately (Smith and Wilen 2003; Poos and Rijnsdorp 2007a; Mills et al. 2007). Recently, some 
statistical models of fishermen’s behaviour have been developed to understand fishermen’s reactions to 
management measures (Vermard et al. 2008) and improve the assessment of the impact of management plans 
(Lehuta et al. 2013). Another key issue addressed with such models of fishing vessel dynamics concerns the 
understanding of the population dynamics derived from the spatio-temporal distribution of vessels targeting fish 
populations (Bertrand et al. 2004; Poos and Rijnsdorp 2007a). 
 
Modelling the dynamics of fishing vessels is classically approached by statistical analyses of landing declarations 
with a low spatial resolution (ICES statistical rectangle) (Hutton et al. 2004; Pelletier and Ferraris 2000). Recent 
technological progress has led to massive acquisition of fishing vessels’ movement data, which offer new means 
of studying the spatio-temporal dynamic of fishermen. Since 2005, vessels bigger than 15 meters have been 
equipped with Vessel Monitoring System (VMS), for legal controls and safety (Kourti et al. 2005). Since 2012, the 
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regulation has been extended to all fishing vessels larger than 12 meters. VMS data consists in geographical 
positions recorded at a more or less regular time step (less than two hours for mandatory VMS data) with low 
positioning errors. In addition to this, IFREMER developed the RECOPESCA project with volunteer fishermen, 
whose vessels positions were recorded at a 15 minute time step. 
 
Concerning the statistical modelling approach, mechanistic mathematical models have long been used in 
ecological sciences to analyse movements and behaviour of different tracked animals (Bovet and Benhamou 
1988; Mills Flemming et al. 2006). A key issue in behavioural ecology is the identification of the sequence of 
hidden (non-observed) behaviours from the analysis of the trajectory, such as foraging, research, migration. 
Similar questions are investigated in fisheries science, where the identification of different behaviours adopted by 
fishing vessels during a fishing trip (route towards fishing zone, fishing activity...) is of interest to understand what 
drives fishing activities and fishing effort dynamics. The associated mathematical models are hierarchically 
structured. They first describe a non-observed time-behavioural process based on different behavioural states 
adopted by the individual and rules for switching from one to the other. The continuous path is then modelled 
considering movement characteristics such as direction or speed for instance, conditionally to the behavioural 
state. These models are commonly called State Space Models (SSM) and Hidden Markov Models (HMM) and 
have proved their usefulness for both ecology and fisheries science (Patterson et al. 2009). In animal ecology, 
Morales et al. (2004) described the path of elks with a mixture of discrete time random walks, considering Weibull 
and Wrapped Cauchy distributions for scalar speeds and turning angles, with an underlying switching process 
between different behaviours. Similar kinds of models were used in fisheries science by Vermard et al. (2010) 
and Walker and Bez (2010) who describe fishing vessel movement with a mixture of discrete time random walks, 
considering respectively normal and beta distributions for scalar speeds and wrapped Cauchy distributions for 
turning angles, both using a hidden Markov process to rule the behaviour. Jonsen et al. (2007) and Gurarie et al. 
(2009) modelled movements of leather back turtles and fur seals with mixed correlated discrete time random 
walks over vectorial speed. Beyond the wide range of case studies, models in all those applications are based on 
the principle of a linear interpolation of the movement between two successive records. However, such linear 
interpolations may be a crude approximation of the real movement. For instance, when the time step between 
two successive observations is long, it may under-estimate the distance (and therefore the speed) between two 
points (Skaar et al. 2011). 
 
The primary goal of this study is to investigate the possibility of moving towards a model of fishing vessel 
movement in continuous time whereby a HMM captures the sequence of behavioural states along the fishing trip. 
Stochastic differential equations (SDE) appear as an appealing tool to describe continuous time processes 
(Protter 2004). However, estimating parameters of a SDE driven by a HMM still remains an unsolved statistical 
issue. In this study, this difficulty was overcome using a specific vessel movement model with good mathematical 
properties. We propose to describe the vessel’s path using the Ornstein Ulhenbeck process (OUP). This model is 
well adapted as it is an exact solution of the considered SDE, and is equivalent, when considered at discrete and 
regular time steps, to a Gaussian Auto-Regressive (AR) process. Considering a HMM coupled with an AR of 
order 1 process largely facilitates inferences by comparison with a SDE in its native form. The OUP has already 
been used by Johnson et al. (2008) to describe the movement of fur seals. To the best of our knowledge, the 
strengths and limitations of this approach have never been investigated to model fishing vessel movement. 
 
Unlike most applications of HMM in fisheries science that used a Bayesian framework to estimate model 
parameters (e.g., Vermard et al. 2010; Walker and Bez 2010), we considered a maximum likelihood approach 
based on a combination of the Baum Welch algorithm and the Viterbi algorithm. The former is a derivation of the 
Expectation Maximization (EM) algorithm for HMMs, while the Viterbi algorithm is used to rebuild the most 
probable (behavioural) hidden state sequence. This latter algorithm showed reliable inferences on HMM as it 
accounts for the serial dependencies in the Markovian sequence instead of considering each time step 
marginally (Rabiner 1989). 
 
We illustrate the strength and limitations of the approach by fitting the model to GPS records issued from the 
RECOPESCA project (Leblond et al. 2010), implemented by IFREMER to improve the assessment of the spatial 
distribution of catches and fishing. A sample of voluntary fishing vessels, equipped with GPS systems together 
with a suite of sensors for studying fishing effort, take part in this project. Although they concern a rather 
restricted number of fishing vessels, RECOPESCA data offer several advantages by comparison with mandatory 
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VMS data. First, these data are recorded with a shorter time step than VMS data (a position every 15 minutes 
instead of 1 hour). Second, they are recorded with a highly regular time step (15 min +/- 1 min). The finer time 
scale allows for a more accurate reconstruction of fishing vessel trajectories than VMS data. In particular, bias 
induced by interpolating the trajectory with a straight line between two records would be lower than with an hour 
time step between two points (Skaar et al. 2011). Furthermore, the regularity of recording offers an interesting 
opportunity to reformulate the Ornstein Ulhenbeck as an autoregressive process.  
 
This article is structured in the following way. In the Material and Methods, we detail the RECOPESCA* data set, 
followed by the theoretical and methodological framework including the model’s description, the inference 
algorithm and the simulation approach to assess the performance of the method. Results are then presented and 
the ending section proposes a discussion on the adequacy of this modelling approach and some 
recommendations for future modelling of fleet dynamics. 
 
Material and Methods 
 
RECOPESCA data 
 
Four trajectories associated with four different fishing vessels operating in the Channel with different fishing 
gears were considered as examples to illustrate our modelling approach (see Figure 1). These four trajectories 
were extracted from the RECOPESCA data base. For each trajectory, GPS positions in port and at sea were 
available. As the analysis only focus on fishing vessel movement during fishing trips, we first removed positions 
in port based on logbooks (landings declarations). The positions were recorded at a regular time step (plus or 
minus 1 minute). Selected trips last more than 12 hours, ensuring enough observed positions for parameters 
identification. These four vessels belong to the demersal fishery for which the research of fish aggregations 
observed in pelagic fisheries does not exist. Hence only two behaviours are assumed along their path, ’steaming’ 
for cruising and ’fishing’ when they operate their gear. 
 

 

Figure 1.  Four fishing trips considered to illustrate the strengths and limitations of the approach.  Trip A is a 22 
hour trip of a 12 meter vessel using dredges.  Trip B is a 14 hour trip of a 12 meter vessel using otter trawl.  Trip 
C is a 13 hour trip of a 13 meter vessel using trammel nets.  Trip D is a 107 hour trip of a 22 meter vessel using 
otter trawl. 

 
________________________________________ 
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Modelling the movement with variables 1 and 2 requires less assumptions than models using scalar speed and 
turning angles separately. The former can be approached using a Gaussian structure (Gurarie et al. 2009), 
whereas the latter requires two different distributions (Vermard et al. 2010; Walker and Bez 2010). The speed 
process in a given activity is assumed to solve a SDE 

 
where γ is the asymptotic mean of the process, ζ is the variance, ρ is an autocorrelation parameter, and Wt is the 
standard Wiener process (see 28, for instance). The Ornstein Ulhenbeck Process is known to be the solution of 
equation 3 (Uhlenbeck and Ornstein 1930). Considering discrete time observation (Vt1 , . . . , VtJ ) and using 
stochastic calculus, one can show that for each increment of time Δj between observations Vtj and Vtj+1, a 
solution of equation 3 has the following exact discrete form : 

 
Thus, assuming a regular time step Δj = Δ the process in equation 4 is equivalent to an autoregressive process: 

 
Consequently, the vectorial speed process is modelled by a mixture of two dimensional AR processes (with 
respect to its decomposition 1 and 2), and, following Vermard et al. (2010), the vessel’s behaviour is modelled by 
a hidden stochastic discrete time process noted St 0 = S0, ..., St = (St)t_0, where Sj is the state at time t = j, Sj 2 
S = f1, . . . , Ig, and S is the set of behavioural states. This process is assumed to be a homogeneous Markov 
chain of first order with a transition matrix Π = (Πik)i;k=1;:::;I :  
 

 
 
The first state is supposed to be known and set to 1 with P(S0 = 1) = 1. In our specific study, we only considered 
two states, S = 1, 2, 1 standing for steaming, 2 for fishing. 
Therefore the model can be summarized as follows : 

 
 
As in Gurarie et al. (2009), processes 6 and 7 are assumed to be independent. Even if this assumption seems 
unrealistic, data reveal a weak empirical correlation between those two variables. Both components of the speed 
V p t and V r t at each time step t were considered as observed without error. It is known that an AR process as 
in 6 and 7 is stationary if jμj < 1 (Shumway and Stoffer 2000). In this case the expectation and the variance of a 
process V satisfy asymptotically: 

 
These asymptotic equalities can be useful in order to interpret parameters variation. For instance, if the vessel 
stays long enough in state 1, the expectation for V p and V r could be derived from equations 9 and 10. 
Moreover, parameters in processes 6 and 7 have some intuitive interpretations. 
– η can be seen as a level parameter (if μ is equal to 0, then it’s the mean of a normal distribution). 
– μ is an autocorrelation parameter. Its existence and variability is justified considering data from the four 
different trips (autocorrelation plots not shown). It’s important to note that its uniqueness only makes sense 
because of the regularity of time-step. 
-- σ2 is a shape parameter, it is the noise of the process. 
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Inference 
 
The inference procedure consists in the estimation of both parameters and the sequence of hidden states from 
observed positions. It requires two steps 1) performing parameter estimation using the Baum Welch algorithm, 2) 
estimating the most likely sequence of states using the Viterbi algorithm. Considering J states, the set of 
parameters to be estimated for this model is 

 
When J = 2, 14 parameters are estimated (2 for the transition matrix, and 3_2_2 for AR processes parameters). 
Computing the likelihood function in this case is too time consuming as the number of terms grows exponentially 
with observations. A classical approach is to find Maximum Likelihood Estimators (MLE) Θ via the Baum Welch 
algorithm, the Expectation Maximization (EM) algorithm for Hidden Markov Models (Rabiner 1989; McLachlan 
and Krishnan 1997). Considering the model described above, both the Expectation (E) step and the 
Maximization (M) step can be computed directly and without optimization techniques (R Core Team 2013). The 
convergence is assumed when the log likelihood increase is less than 0.01. A known problem of the EM 
algorithm is that, given a starting point, one can converge towards a local maximum of the likelihood. To ensure 
a global maximum is found, the algorithm was performed from 100 different starting points, keeping the result 
with the largest likelihood as Θ. A bootstrap is used to assess the variance of Θ. The MLE is used to simulate M 
bootstrap samples on which MLE (ˆΘm)1_m_M are re-estimated, given these M re-estimations, empirical 95 % 
confidence intervals are obtained for each parameter (getting 95% central values, McLachlan and Krishnan 
1997; Efron and Tibshirani 1993). The bootstrap is the most time consuming part of this first estimation step. 
Once the MLE step is performed, the Viterbi algorithm is used to derive the most probable sequence of states 
(Rabiner 1989). Formally, for a MLE ˆΘm the Viterbi algorithm computes 

 
The state at time t is therefore dependent on the sequence of states from t = 0 to T -1  accounting for Markovian 
transition properties of the whole hidden sequence. In order to estimate uncertainty of state attribution, the Viterbi 
algorithm is performed for each bootstrap sample. The empirical probability of being in state 2 at time t is then 
computed. Working on real data, state 2 (standing for ”fishing”) is attributed to the estimated state with the lowest 
mean for scalar speed, due to the fact that the vessel goes slower in that case.  
 
Simulations 
 
The performance of the estimation method is assessed through simulations of trajectories based on various 
scenarios mimicking different levels of contrast in the movement characteristics of the two behavioural states. 
For the model with two different states (14 parameters), parameters used for simulation are restricted to values 
consistent with characteristics of the observed trajectories. For instance, we noticed that  
1) ηr;1 = ηr;2 = 0 : the movement of vessels is mainly in a straight line, both while steaming and fishing, and does 
not privilege any turning direction ;  
2) The asymptotic persistent component of speed should be greater when steaming than when fishing ;  
3) diagonal terms Π11 and Π22 of the transition matrix Π are large. This matrix is common to all scenarios and 
diagonal terms are fixed at Π11=Π22=0.9/ Trips are simulated following nine scenarios with various degrees of 
mixture between states and with different lengths (number of time steps) (see Table 1 for detailed values). 
 
Scenario 1 is the baseline scenario. The difference between ηp;1 (= 6) and ηp;2 (= 1) is large, as well as difference 
in autocorrelation parameters (”Steaming” state is uncorrelated while ”Fishing” state is positively correlated). 
 
Scenario 2-3 ηp;2 increases from 1 (scenario 1) to 2 (scenario 2) and 3 (scenario 3), resulting in an increase of 
the asymptotic expectation of Vp in state 2. Therefore the contrast in the expected asymptotic speed between 
state 1 and 2 decreases. 
 
Scenario 4-5 μp;2 increases from 0.5 (scenario 1) to 0.6 (scenario 4) and 0.8 (scenario 5), resulting in an 
increase of the asymptotic expectation of Vp in state 2. Therefore the contrast in the expected asymptotic speed 
between state 1 and 2 decreases. Moreover, the asymptotic variance of process Vp increase in state 2. 



D2.3.1 Mechanisms of change in human behaviour 

D2.3.1                                                                         21                                                       VECTORS 
 

Scenario 6-7 In scenario 6, σ2p;1 and σ2r;1 increase from 1 and 0.5 (scenario 1) to 2 and 1 respectively, resulting 
to a higher asymptotic variance in state 1. In scenario 7 σ2p;2 and σ2r;2 increase from 0.5 and 0.1 (scenario 1) to 1 
and 0.5 respectively, resulting to a higher asymptotic variance in state 2. 
 
Scenario 8-9 The length of the observation is shortened from 400 points (scenario 1) to 100 points in scenario 8 
and 50 points in scenario 9. Lengths of 400 and 50 points would represent respectively 100 and 12 hours data 
considered and were the maximal and the minimal length of trajectories considered. 
 
 

 
 

Table 1. Simulation scenarios:  The matrix II is identical for all scenarios.  Expectation and variance indicated are 
calculated from equations 8 and 9 and rounded to the first digit.  They are asymptotic and must be considered as 
indicators of how the parameters affect the different processes. 

 
Results of Simulations 
 
For each set of parameters, 100 trajectories are simulated, thus providing 100 parameter estimates. Examples of 
simulated trajectories obtained with parameters of scenarios 1, 3, 4 and 7 are presented on figure 3. 

 

Figure 3. Examples of simulated trajectory for scenario 1, 3 4 and 7.  Black dots are for fishing, white dots for 
steaming. 
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Vectorial speeds associated to trajectories of figure 3 are represented using scatter plots on figure 4. These 
scatter plots highlight the different degrees of mixture between the two states, depending on the scenario. 

 

Figure 4.  Simulated vectorial speed processes for scenarios 1,3,4 and 7 (see Table 1).  Black dots are for 
fishing, white dots for steaming. 

 
Knowing the true value of each parameter, estimation errors are computed and summarized using box plots 
(figure 5). Results are shown only for process Vp, as trends are similar on process Vr. 

 

Figure 5. Box plots of estimation errors (estimated value 0 the true value) obtained for simulation scenarios 
presented in Table 1.  Only estimation errors for process Vp are presented, white and grey box plots are for 
parameter estimates in steaming and fishing respectively.  The whiskers represent 1.5 time the interquartile 
range at most.  Outliers are plotted. 

 
Moreover, as the true sequence of behavioural states is known, a misclassification rate is also computed and 
displayed using box plots (figure 6). Box plots results highlight performances of the parameters estimation 
method and the Viterbi algorithm, which are now detailed for the different simulation scenarios: 
 
Scenario 1-3 For all parameters, the width of the box plots increases from scenarios 1 to 3, revealing that an 
increase proximity between ηp;1 and ηp;2 has a negative impact on the estimation of all parameters (Figure 5). 
Moreover, the misclassification rate of the states estimation is also increased. Even if it remains low for scenarios 
1 and 2, it increases for scenario 3 (more than 50% of state estimations have a misclassification rate greater 
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than 0.15, Figure 6). Looking at figure 4, this large misclassification rate can be explained by the large degree of 
mixture between states in scenario 3. 
 
Scenario 1, 4-5 When ηp;1 and ηp;2 are not changed, the increase of μp;2 increases estimation’s uncertainty over 
level and autocorrelation parameters η and μ (Figure 5). The misclassification rate also increases, with a low 
increase for scenario 4, and a larger one for scenario 5 (figure 6). Indeed, there is an increase in the degree of 
mixture between states from scenario 1 to scenarios 4 and 5 (Figure 4). 
 
Scenario 1, 6-7 In scenario 6, increasing of noise parameters σ2p;1 in state 1 increases lightly the uncertainty for 
the estimations of level and noise parameters ηp;1 and σ2p;1. The same trend can be noticed in scenario 7 when 
noise parameters in state 2 increase (Figure 5). The misclassification rate remains stable between scenario 1 
and 6, but increases for scenario 7 as the processes in both states have in this case the same noise parameters 
(Figure 6). Indeed, there is an increase in the degree of mixture between states from scenario 1 to scenario 7 
(Figure 4). 
 

Scenario 1,8-9 When the length is shortened, estimation’s uncertainty increases for all parameters, the increase 
becomes larger from scenario 8 (100 points) to scenario 9 (50 points) (Figure 5). Moreover, the misclassification 
rate is also impacted, getting worse as the observation gets shorter (Figure 6). Looking at the empirical 
distribution function of Π22 (for instance, the same can happen for Π11), it is worth noting that in scenario 9, this 
parameter is sometimes estimated close to 0 (Figure 7). This results in the identification of only one behavioural 
state, and then a large misclassification rate. 

 
 

Figure 6. Box plot of misclassification rate from the Viterbi algorithm for simulation scenarios presented in Table 
1, the whiskers height is at most 2 times the interquartile range.  Outliers are not plotted. 

 
More generally, it is worth noting that for all scenarios, estimations are unbiased. Moreover, except for scenario 7 
where the noise parameters are equal in both states, the variance of estimators is greater for state 1 parameters 
than for state 2 parameters, as the noise parameter is larger in the first state (σ2p;1 > σ2p;2). 
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Figure 7. Empirical distribution functions of estimated values for Π22, depending on the observation length for 
scenario 1 (n = 400, solid line), scenario 8 (n = 100, dashed line) and scenario 9 (n = 50, dotted line).  The true 
value of Π (=0.9) is represented by a vertical line.  When one of the Π22 is estimated close to 0 only one state is 
identified. 

 
Discussions and perspectives 
 
This study provides a first application of an autoregressive model coupled to a hidden Markov chain to describe 
the movement of fishing vessels. The vessel’s speed is modelled using an Ornstein Ulhenbeck process 
formulated as a solution of a stochastic differential equation. Assuming a regular time step, we investigate the 
potential of using an AR process. Studying the speed process with an AR allows one to include autocorrelation 
during the movement of the vessel as it was done for several animals (Jonsen et al. 2007; Johnson et al. 2008; 
Gurarie et al. 2009) but, to the best of our knowledge, it has never been investigated in fisheries studies yet. This 
modelling approach has two advantages compared to previous similar studies (e.g., Vermard et al. 2010; Walker 
and Bez 2010). First, the model formulation is simpler and required less assumptions. Vessel dynamics is 
described using only the speed process formulation considering the Gaussian structure of its vectorial 
decomposition, while traditionally travelled distance and angular displacement were jointly used. Second, it 
accounts for the continuous property of vessel’s travelling and not only the discrete feature of the observations of 
their displacement.  
 
The inference was performed by likelihood maximisation using the Baum Welch algorithm. In the case of 
autoregressive processes, this iterative method has explicit equations and maximization solutions, allowing a 
certain simplicity in parameters estimation. Confidence intervals of parameters estimates were derived using a 
bootstrap method. The EM approach has also the advantage of allowing the use of the Viterbi algorithm to 
estimate the hidden states sequence. This algorithm accounts for the whole sequence of states and not only the 
probability of a state at each time step. In a two-state model, this would not make a major difference but this 
would be more efficient than classical methods considering three states or more (Rabiner 1989). Results 
obtained were compared with the Bayesian approach (not shown here), which is commonly used for such 
modelling (Vermard et al. 2008). The Bayesian approach would use Monte-Carlo-Markov-Chain algorithms 
instead of EM. A loss in this case would be the potentiality of using the Viterbi algorithm, but, on the other hand, 
the uncertainty of the estimation is directly computed, and there is no need for bootstrap methods, which is the 
most time consuming step in our method. The Bayesian approach also needs to deal with prior distributions, 
which allows us to integrate a priori knowledge, but raises the problem of sensitivity. On the other hand, the EM 
approach requires different starting points to ensure the convergence towards the global maximum of the 
likelihood and not a local maximum. Results in both approaches are similar as MLE corresponds to the mode of 
posterior distribution in Bayesian estimation, and the same difficulties are encountered in disentangling states 
when parameters are not contrasted enough. Computational times are hard to compare, given that both 
techniques demand calibration and convergence criteria that can be discussed. 
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A simulation approach is performed to assess the performance of the model and the accuracy of the estimation 
for various realistic sets of parameter values (called scenarios). The simulation highlights the importance of the 
heterogeneity on level (η parameters) and/or autocorrelation (μ parameters) of processes in each state in order 
to have good estimation of both parameters and the sequence of hidden states. Simulation results also outline 
the influence of the noise parameter, as a large σ in a given state increases the estimation’s uncertainty for all 
parameters. Finally, the importance of the duration of observation is also established: the longer the trajectory, 
the better the estimation. 
 
The model is applied to four vessels involved in IFREMER’s RECOPESCA project, involving volunteer 
fishermen. The quality of this data set provides several advantages over VMS data. First, the time step of 
observations is more regular. This property of regularity is essential in our model and previous studies based on 
VMS data have shown weakness because of the lack of regularity in records [34]. Second, geographical 
positions of RECOPESCA vessels are recorded with a higher frequency (15 minutes instead of 1 hour for VMS) 
which makes the hypothesis of a steady course between recorded positions more reasonable, and reduces the 
chance of an unobserved fishing operation (Vermard et al. 2008). 
 
Estimations reveal contrasted behaviours along the vessels’ trajectory. A first trip shows 2 states neatly 
separated, corresponding to an erratic and low speed fishing pattern, and a higher speed steaming pattern, 
whereas two other trips show fishing activity characterized by a (almost) constant value for vectorial speeds, 
traducing a steady course and constant scalar speed fishing pattern. A fourth example is presented where the 
interpretation in fishing/non fishing is questionable. Looking at the scalar speed process, it is unrealistic to 
declare that one of the two states is fishing or steaming. The differentiation between states is made over auto 
correlated and noisy patterns on V p process. Actually, the scalar speed process shows sine wave patterns that 
are identified as state 2, while patterns of noise are for state 1. The sine wave patterns could indicate fishermen’s 
adaptation to tide currents, fishing with the currents is indeed a possible behaviour in order to minimize fuel 
costs, or change the gear behaviour and target other fish assemblage. If it is so, it would be of interest in the 
future to couple the vessel dynamics model with tidal streams models to remove the trend due to this force. The 
results over the four studied vessel’s trajectories show different sets of parameters obtained for different types of 
vessels and fishing activities (Biseau 1998), and a relative small uncertainty over state estimation. 
 
The model considered here has two states, steaming and fishing, that could be similar to a ”migrating”/”foraging” 
pattern adopted for animals (Jonsen et al. 2007). For simplicity reasons, we privileged a two-states model rather 
than a three states one (as in Vermard et al. (2010) or Walker and Bez (2010)). This was made possible thanks 
to a pre-treatment of the data that consists in removing positions in port but also because each studied fishing 
vessel operates only one gear and one métier  Woillez et al. (unpublished data). If a two-states model is realistic 
here it could be more relevant in other cases to adopt a three or more states for trips during which several gears 
can be operated or several métiers can be practised. A model with “transition” states can also be adopted to deal 
with problems due to time step acquisition, and specifying different parameters for each fishery (Peel and Good 
2011). A challenging alternative to these choices would be to consider a state space model where the number of 
states is a parameter to infer, which would increase the computing time. 
 
More generally, choosing a model raises several issues. Given a set of trajectories, the models’ hypothesis have 
to be compared with the observations using some expert or statistical criterion, then, among satisfying models, 
the best one has to be selected on some criterion (best fitting to the data, good estimation properties...).  
 
In order to increase realism, it would be of interest to investigate the potential of an inhomogeneous Markov 
chain to model the change of states. Indeed, in the model presented here, the Markovian transition matrix is 
constant through time. However the “fishing” probability would decrease with time during the fishing trip. Another 
challenging issue would be to model behaviours with a hidden Markov chain which is not synchronous with the 
observations. Indeed change of state can occur between two observations of a vessel’s geographical position. 
Assuming that change of state and observations are synchronous, the number of confounding factors in the 
estimates of states would be increased (Vermard et al. 2010). One could consider a continuous time Markov 
process to rule the observations. This hypothesis, although more natural, makes the inference a lot harder.  
 
 



D2.3.1 Mechanisms of change in human behaviour 

D2.3.1                                                                         26                                                       VECTORS 
 

Conclusions 
 
This work applies the discrete version of the Ornstein Ulhenbeck process, solution of a stochastic differential 
equation, which was used to describe fur seal movements in Johnson et al. (2008). Adopting stochastic 
differential equations to describe dynamics of individuals is still a major challenge. To our knowledge this 
mathematical framework has already been used for some animals (Brillinger 2010; Haiganoush et al. 2004), 
though without a state space model, but has never been used in fisheries science. However Bertrand et al. 
(2007) showed that Peruvian anchovy fishermen’s foraging strategy is close to natural predators. Therefore, it 
would be interesting to assess the relevance of this continuous time approach for fishing vessels. A comparison 
of estimates derived from both a continuous and discrete time framework would allow determining of when the 
linear interpolation of trajectory is a good approximation to 1) conveniently describe a vessel’s dynamics and 2) 
to allocate a vessel’s fishing effort. Indeed, using stochastic differential equations formalism might be time-
consuming and more complex. 
 
This study shows the efficiency of fleet dynamics models to understand the mechanisms of fishing vessels’ 
movements and activities. The outputs of this analysis can then benefit paramatisation of the fleet dynamics 
models for existing bio-economic models to improve the understanding of fisheries dynamics and to anticipate 
the adaptation of fishermen to ecosystemic and management changes (Mahévas and Pelletier 2004; Pelletier et 
al. 2009; Lehuta et al. 2013). 
 
 

1.1.2 Accounting	for	the	variability	of	activities	to	improve	modelling	of	fishing	
vessel	behaviour	with	hidden	Markov	models	

The following study is due to be published as a paper with the following reference: 
Woillez, M., Gloaguen, P., Mahévas, S., Rivot, E., Vermard, Y., and Guitton, J. Accounting for the variability of 
activities to improve modeling of fishing vessel behavior with hidden Markov models. In preparation. 
 
Section Abstract 
Hidden Markov models are well suited to describe jointly fishing boat movement and associated fishing activities. 
They allow us to estimate the sequence of activities (i.e. fishing, traveling) along a trajectory, as well as the 
movement parameters (speed, turning angle) associated to each activity. Most of the time these models are 
developed to characterize the spatial dynamics of fishing vessels that belong to a specific fishery with a given 
métier. However, because of the large variability that exists in fishing practices, some adaptations in the 
modeling structure are needed when the spatial dynamics of one or several fishing fleets present a mixture of 
métiers with distinct traits of movement and trajectory. A procedure was developed to capture the variability of 
fishing practices and associated vessel trajectories. Fishing trips were characterized by their métiers, which were 
identified for each gear by clustering landing profiles (in value). Fishing boat trajectories were described using 
movement parameters (speed, acceleration, turning angles, straightness) estimated from GPS positions 
recorded along the tracks. A principal component analysis was performed to provide a detailed description of the 
different trajectory patterns in relation with fishing trip specificities (i.e. vessel, gear, métier). Hidden Markov 
models were then fitted for some selected fishing trips. Two types of models were considered. The basic one 
was a 2 states model with behavioural activities corresponding to fishing and traveling. The second one 
presented a number of fishing states depending on the number of métiers identified for the trip. Fitting 
performance was compared based on DIC and estimated confidence intervals for the parameters. This 
procedure was applied to a set of volunteer vessels participating to the RECOPESCA project from IFREMER in 
the Bay of Biscay and the English Channel for years 2011-2012. We show that fishing trip activities, such as 
métiers, were structuring variables for trajectories, which helped to specify properly hidden Markov models. 

 
Introduction 
 
The implementation of a spatially explicit management in fisheries sciences will require a better understanding 
and modelling of the spatial dynamics of fishing boats and derived efforts. Therefore much research has recently 
focused on developing individual-based models of fishing boat using geolocation data with high spatial and 
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temporal resolution. Mostly inspired from animal movement ecology, models that have been implemented, aimed 
at estimating jointly the fishing boat movement and its behaviours along the trips. 
Hidden Markov models (HMM) have proven to be well suited for this purpose. Several types of Hidden Markov 
models have been developed until now (Vermard et al., 2010; Walker and Bez, 2010; Joo et al., 2013, Gloaguen 
et al., submitted). Hidden states are defined to describe the unobserved behaviour (e.g. fishing, traveling, 
stopping, and searching). The sequence of hidden states is ruled by a Markov chain or a semi-Markov chain (Joo 
et al., 2013). The movement is modelled conditionally to hidden states, usually either by a correlated random 
walk (Vermard et al., 2010; Walker and Bez, 2010) or by an autoregressive process on vectorial speeds 
(Gloaguen et al., submitted). Observation process errors with re-interpolation are sometimes performed 
(Vermard et al., 2010).  

However, all the modelled movements correspond to a single type of object. For instance, in animal movement 
ecology, HMM were applied to elks (Morales et al., 2004), seals (Jonsen et al., 2005) leatherback turtles 
(Jonsen, 2006; Jonsen et al., 2007) or southern bluefin tuna (Patterson et al., 2009). Same finding can be done 
in fishery sciences. HMM were applied to a specific fishery with a given métier, such as the purse-seine French 
tropical tuna Fishery (Walker and Bez, 2010), the pelagic trawl French anchovy fishery (Vermard et al., 2010), or 
the purse-seine Peruvian anchoveta fishery (Joo et al., 2013). Even though it is recognized widely that fishing 
practices are heterogeneous.  

Therefore, our aim was to demonstrate that modelling approaches need to be adapted to the heterogeneity of 
the fishing practices. In effect, when the spatial dynamics of one or several fishing fleets present a mixture of 
métiers with distinct traits of movement and trajectory, some adaptations might be naturally expected in the 
modelling structure. To guide practitioners, we proposed a procedure that will allow us (i) to identify species-
based métiers, (ii), to analyse trajectory data and (iii) to investigate relationships existing between trajectories 
and fishing activities, such as vessels, gears and métiers. From the latter exploration, different structural types of 
HMM models were developed in the aim of testing if the knowledge of the fishing activities can improve the 
estimation performance of the sequence of behaviours. The application of the procedure was illustrated on a 
subset of voluntary vessels operating along the French coasts and presenting a mixture of métiers. 

 
Materials and methods 
 
Trajectory data 
 
Since 2005, IFREMER, the French Research Institute for Exploitation of the Sea (partner 15), has coordinated a 
network of fishing vessels that volunteered to provide scientific observations. This project, named 
RECOPESCA2, aims at using fishing vessels as scientific platforms to sample fishing activities and 
environmental conditions during fishing trips. Various non-intrusive sensors were used. A Global Positioning 
System (GPS) monitored the vessel’s positions at a regular time step of ~15 minutes. Depth sensors mounted on 
fishing gears provide non-exhaustive information about fishing operations (not all gears are equipped and 
recording can fail). 

For this study, the dataset considered is a subset of the RECOPESCA database. It corresponds to data collected 
on-board 39 fishing vessels operating in the Bay of Biscay, the Channel, the Celtic Sea and the southern North 
Sea for years 2011-2012 (Figure 8). The fishing vessels range from 8.3 to 24 m for a power comprised between 
44 and 657 kW (Table 1).  

                                                           
2 http://archimer.ifremer.fr/doc/00024/13500/ 
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Table 2. Technical characteristics of the 39 fishing vessels selected from the RECOPESCA database for years 
2011-2012. 

Vessel code 
number 

Length (m) Tonnage (t) Power (kW) 

1 14,3 3718 165 
2 18,6 4058 221 
3 12,0 1300 110 
4 9,1 1041 83 
5 11,8 1018 81 
6 16,4 3772 272 
7 11,1 400 70 
8 15,6 3919 157 
9 14,4 3515 140 
10 19,5 10925 316 
11 10,3 813 106 
12 12,0 2553 162 
13 13,3 3012 242 
14 16,1 5865 261 
15 15,8 7284 258 
16 21,0 13056 442 
17 10,2 994 113 
18 23,3 15596 511 
19 23,9 16365 657 
20 19,4 10500 336 
21 8,3 567 84 
22 18,4 4900 397 
23 12,0 983 283 
24 15,9 6475 316 
25 20,6 12142 355 
26 24,0 15255 453 
27 22,4 14576 392 
28 15,9 6502 256 
29 12,0 1682 155 
30 17,3 3815 216 
31 19,1 9036 294 
32 24,0 16280 499 
33 11,7 900 44 
34 12,0 3091 103 
35 22,5 15094 371 
36 22,5 16963 365 
37 12,0 1839 215 
38 15,0 4097 323 
39 13,0 2792 161 
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 The turning angle, which is the direction of change of the movement. 
 The straightness index (Batschelet, 1981), which is the ratio between the displacement and the travelled 

path. 
  The displacement is the initial beeline distance to the goal, while the travelled path is the path length 

travelled to reach it. Computed at the order k and for a given GPS position xi, the initial position is the position 
xi-k, and the goal position is the position xi+k. Conveniently, the straightness index ranges from 0 when the 
travelled path is much larger than the beeline distance, to 1 when the travelled path is the straight line. Here, 
the considered index was averaged over the first four orders.  

Then, mean and standard deviation were computed for the various movement parameters for each trajectory, as 
well as a Gini index. This index measures the inequality among values of a frequency distribution. It equals zero 
if there is perfect equality (i.e. all values are the same), and it equals one if there is a maximal inequality among 
values. Practically, the Gini index is derived from the Lorenz curve, which represents the cumulative share of 
time from lowest to highest speed, for instance, versus the cumulative share of total speed.  

Additional descriptors, such as the trip duration, the inertia, and the isotropy, were computed over the entire 
trajectories. The inertia describes the dispersion of the GPS positions around their mean location, while the 
isotropy quantifies that the distribution of the GPS positions do not show any preferential direction in the 
geographical space (Woillez et al., 2007; 2009). 

 

Métiers identification 
 
The métier reflect the fishing intention at the start of a fishing trip (Marchal, 2008). This information is rarely 
available, unless direct interviews are made with fishermen (Neis et al., 1999; Christensen and Raakjer, 2006). 
Alternatively, métiers can be defined retrospectively using effort information (e.g. gear, mesh size, fishing ground 
visited, season) recorded in fishermen’s logbooks (Ulrich et al., 2001; Marchal et al., 2006). Other methods 
assume that catch or landing profile, with or without effort information, reflect the fishing intention. Several 
multivariate-based methods have been applied: Principal Component Analysis (PCA; Jabeur et al., 2000), 
Multiple Correspondence Analysis (MCA; Pelletier and Ferraris, 2000), and cluster analysis (Lewy and Vinther, 
1994).  

Here our methodology consisted in a quantitative analysis of landing profiles using a methodology developed 
within an R package 'vmstools' (Hintzen et al., 2011; Deporte et al., 2012). It consisted in 3 steps: (i) identification 
of the main species, and reduction of the dataset to these key species only; (ii) reduction of the dimensionality of 
the dataset by running a PCA; (iii) running a selection of clustering methods and defining the species-based 
métier level 7 classifications. However some adaptations were needed, as this methodology was applied on a 
subset of logbooks/vessels. The PCA step was skipped, because there was no need to reduce the dimension of 
this dataset as it concerns only logbooks from a few vessels. Then, among the proposed clustering methods, the 
Hierarchical Agglomerative Clustering (HAC) was chosen. It allowed an objective determination of the number of 
clusters thanks to a scree-test (Cattel, 1966). On the opposite, the k-means method was not able to do so. Thus, 
it was rejected. The CLARA method, which was developed to handle clustering on a large dataset, was not 
appropriate either. For the HAC, the scree-test was adapted to the size of the dataset. The dendrogram was cut 
after the first largest gain in the clustering variance ratio (variance between clusters/total variance of the dataset). 
Deporte et al. (2012) were less conservative as they considered the second or the third threshold allowing for 
more clusters to be found, which may not be appropriate in a smaller dataset like ours. 

 
Exploring activities and trajectories 
 
A Principal Component Analysis (PCA) (Lebart et al., 1984) was used to explore trajectories in relation to 
activities. PCA consists in a eigenvalue decomposition of the covariance (or correlation) matrix after centering (or 
normalizing) the data matrix for each variable. Here the data matrix is organized as follows; columns correspond 
to 18 continuous variables (the 15 trajectory descriptors and 3 technical descriptors) and 3 categorical variables 
(the gear, the métier and the number of métier per fishing trips), rows correspond to individual fishing trips. The 
eigenvalue decomposition was performed on the normalized data matrix made of the 15 trajectory descriptors. It 
allowed us to build uncorrelated factors (i.e. the principal components), which are linear combination of the 
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original variables. The first principal component has the largest possible variance and each succeeding 
component in turn has the highest possible variance under the constraint of being orthogonal to the preceding 
components. The original high-dimensional dataset was then projected into a lower-dimensional space defined 
by the most informative factors. Practically the 2 first plans made of the factors 1-2 and 1-3 were considered. To 
help the interpretation of these factorial plans, correlations between the original variables and the principal 
components (i.e. the factors) were represented into correlation circles. Thus the PCA allows describing a dataset 
by revealing the internal structure of the data in a way that best explains the variance in the data. It allows us to 
summarize the dataset and to reduce its dimensionality. Supplementary variables were considered to help the 
interpretation of the PCA. They were the 3 technical descriptors (continuous variables) and the 3 activities 
variables (categorical variables). These variables did not take part to the eigenvalue decomposition. 
Supplementary continuous variables were plotted on the correlation circles, while supplementary categorical 
variables were represented by categorizing individuals with distinct colours in the factorial plans. 
 
Adapting hidden Markov models to activities 
 
Here we adopted a simple approach to model movement to estimate the unobserved behaviour of the fishing 
vessels. The movement was assumed to be generated by a mixture of random walks with stationary switching 
probabilities. Conditionally to the behavioural state (noted S ) at a given time step t , the observation was 
assumed to be independently drawn from a normal distribution with parameters S  and S  for mean speeds 

tV , and a wrapped Cauchy distribution with parameters   and   for turning angles t .  

 
),(~ sstt NSV   

),(~   WCStt  

 
Parameters in each state and transition probabilities were estimated within a Bayesian framework using the R 
package 'RStan'. Most priors were non informative, except for the mean parameter S  of the normal distribution 

of scalar speeds, where an order constraint was set.  The priors indeed impose that 321   , with 1  

drawn in a uniform prior over [1,15]. 
Two cases study were considered: a fishing trip of a vessel performing 2 different métiers due to the use of 2 
different gears, and a fishing trip of a vessel performing 2 different métiers with a similar gear (different landing 
profiles in value). For each trip, two hidden Markov models were fitted. The first presented 2 states, that could 
correspond to 'fishing' and 'traveling', while the second had 3 states, that could correspond to 'fishing for métier 
1', 'fishing for métier 2' and 'traveling'. Fitting performance were compared using a Deviance Information Criterion 
penalized for the model complexity. And when available, observed fishing operations were used for validation. 
 
Results 
 
Clustering landing profiles to evidence species-based métiers 
 
The analysis to determine the species-based métiers was run for each gear and for each region. Logbook/sales 
data showed that 14 distinct gears were used by the 19 vessels from the Bay of Biscay, and 11 for the 12 
vessels from the Eastern Channel. However, because the number of fishing trips associated to each gear was 
variable, only the ones that showed a good sampling coverage (i.e. >100 fishing trips) were considered. The 
detailed procedure is first illustrated on an example gear, and then results are summarized for all the other gears. 
The procedure was run over all of the recorded logbook/sales data referenced in SACROIS for the 31 boats 
considered for years 2011-2012. 
 
For the example gear bottom otter trawls in the Channel - North Sea region, the métier analysis allowed first to 
extract the main species from all of the log events of the vessels using this gear. The HAC method retained 44 
species out of 196 from the initial dataset (Figure 9). The 'perTotal' method was less selective: given the strong 
dominance of few species in the total value of the dataset, the incremental slope was very low and 24 species, 
representing 95% of the total value, were retained. The 'perLogevent' method returned 17 species for the 
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were identified in the Channel - North Sea region. Such analyses allowed identification of métiers based on 
landing profiles, which provide a valuable knowledge about fishing activities by determining a posteriori the 
fishing intention at the start of a trip. Such fishing activities characteristics may have consequences on the 
trajectories patterns of fishing boats 
 
Exploring activities and trajectories 
 
Trajectory descriptors were computed for the 31 fishing vessels operating in the Bay of Biscay - Celtic Sea and in 
the Channel - North Sea regions for years 2011-2012. First, two separate PCA were done for the two regions. 
They were performed on trajectory descriptors using gear as a supplementary variable and fishing trips with only 
one gear and one métier. The idea was to evidence trajectories difference according to gear. Then, two other 
separate PCA were performed for the two regions, but on trajectory descriptors for fishing trips using the same 
gear, e.g. bottom otter trawls. This time, vessel references and species-based métiers were used as 
supplementary variables. 
 
For the PCA run for the Bay of Biscay - Celtic Sea region (Figure 11), the first three axes explained 67% of the 
total variance; 38% for axis 1, 17% for axis 2, and 12% for axis 3. The first axis is explained positively by the 
standard deviation of the turning angle and the acceleration, and the Gini index and the standard deviation of the 
straightness index and the speed. The first axis is negatively explained by the mean acceleration and 
straightness index and the fishing trip duration. The second axis is only explained negatively by the mean speed 
and straightness index, and by the Gini index of the acceleration. The third axis is explained positively by the 
inertia and negatively by the isotropy index. This allowed quantifying of how trajectories differ depending on the 
gear used during the fishing trip. Trips using fishing pots aggregate tightly in the factorial plan. They are 
characterized by a short trip duration, low mean acceleration and sinuosity, in opposition to a high variability in 
turning angle, acceleration, speed and sinuosity. Trips using gillnets, dredges and longlines are quite similar to 
the ones with fishing pots. Trips using otter twin trawls and bottom otter trawls show similar trajectory 
characteristics; a long trip duration, high mean acceleration and sinuosity, a low variance in turning angles, 
acceleration, speed and sinuosity. Trajectory patterns for trawls do not show preferential direction (isotropic) on 
the contrary to other gears. Trips using pureseine or Scottish seine differ mainly in terms of average speed and 
straightness index, and of the inequality in the distribution of the acceleration values. Technical characteristics, 
i.e. vessel length, tonnage and power, were projected on the correlation circle as supplementary variables. All 
three variables were positively correlated with the mean acceleration and the trip duration on axes 1-2, and with 
the second order straightness index on axis 3. 
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describing trajectory pattern in the PCA. However it is not exhaustive and could be enhanced. This exploratory 
approach succeeded in illustrating the high variability due to fishing activities in the trajectory patterns.  
 
Consequently, hidden Markov models were adapted to account for such variability. This was evidenced on 2 
fishing trips using a mixture of métiers either due to different type of gears or not. A Hidden Markov model with 2 
fishing states was performing better than a model with 1 fishing state in the case of the trip with 2 métiers due to 
the use of 2 different fishing gears. In the case of the trip with 2 métiers using the same gear, the third state has 
a better interpretation as a transition between fishing and steaming, thus the 2 métiers cannot be disentangled. 
In such cases, covariates describing the environment, such as the time of the day, the season, the habitat, might 
be better to distinguish the métiers properly. 
 
This analysis was applied on a restricted dataset. Such a procedure could be applied to the complete French 
fisheries, or at least to vessels above 12m (the ones equipped with VMS). The métier would be defined in the 
same condition as in Deporte et al. (2012). The number of fishing trips presenting a mixture of métiers due to 
gear is expected to be different. In the dataset that has been used for this study, most of the fishing trips (>90%) 
presented a single gear. A lower proportion is expected for the complete French fisheries. Accounting for the 
gears in the HMM may not make a huge difference when estimating the fishing effort but would increase model’s 
adequacy to reality. Moreover, the allocation of captures to fishing locations may be improved by the estimation 
of the fishing states corresponding to each gear.  
 
This required that gears are known with confidence. However gears can be incorrectly declared in logbooks 
affecting the captures allocation, but also the identification of the métiers. Trajectory classification based on the 
same movement parameters used for the PCA could be undertaken to estimate the accuracy of such 
information. In addition, the PCA-based exploratory approach could also be used to validate displacement 
models by comparing simulated and observed movement characteristics. 
 
 

1.2 Modelling	effort	distribution	using	Random	Utility	Models	

 

1.2.1 Eastern	 Channel:	 Spatial	 effort	 allocation	 of	 French	 vessels	 interacting	
with	other	fleets,	maritime	traffic	and	coastal	management	

The following study is due to be published as a paper with the following reference: 
Girardin, R., Vermard, Y., Thébaud, O., Tidd, A., and Marchal, P. Predicting fisher response to competition for 
space and resources in a mixed demersal fishery. Submitted to Ocean and Coastal Management. In review. 
 
 
Section Abstract 
Understanding and modelling fleet dynamics and their response to spatial constraints is a prerequisite to 
anticipating the performance of marine ecosystem management plans. A major challenge for fisheries managers 
is to be able to anticipate how fishing effort is re-allocated following any permanent or seasonal closure of fishing 
grounds, given the competition for space with other active maritime sectors. In this study, a Random Utility Model 
(RUM) was applied to determine how fishing effort is allocated spatially and temporally by the French demersal 
mixed fleet fishing in the Eastern English Channel. The explanatory variables chosen were  past effort i.e. 
experience or habit, previous catch to represent previous success, % of area occupied by spatial regulation, and 
by other competing maritime sectors. Results showed that fishers tended to adhere to past annual fishing 
practices, except the fleet targeting molluscs which exhibited within year behaviour influenced by seasonality. 
Furthermore, results indicated French and English scallop fishers share the same fishing grounds, and maritime 
traffic may impact on fishing decision. Finally, the model was validated by comparing predicted re-allocation of 
effort against observed effort, for which there was a close correlation. 
 
Abbreviations: 
DCF: Data Collection Framework 
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DPMA: Directorate for Marine Fisheries and Aquaculture 
EAFM: Ecosystem Approach to Fisheries Management 
IBM: Individual-Based Modelling 
IFD: Ideal Free Distribution 
IIA: Independence of Irrelevant Alternatives 
LRI: likelihood ratio index 
MSFD: Marine Strategy Framework Directive 
RUMs: Random Utility Models 
VSS: Vessel Separation System 
 
Introduction 
 
According to the FAO (2012) most fisheries resources are already fully exploited or over-exploited due in part to 
excess fishing capacity and fishing power. Fishing activities can also have adverse effects on the structure and 
functioning of marine ecosystems (Buchen, 2009; FAO, 2012). To address that challenge, many fisheries 
management agencies have adopted an Ecosystem Approach to Fisheries Management (EAFM) (Browman and 
Stergiou, 2004), by implementing management plans. This approach aims at maintaining or restoring fisheries 
resources to sustainable levels, while mitigating the adverse ecological impacts of fishing (Pauly et al., 2002). To 
accurately assess and evaluate fisheries management performances, it is essential to better understand the 
processes driving the dynamics of the marine ecosystems and the fishing fleets that impact upon them (Fulton et 
al., 2011; van Putten et al., 2011; Wilen et al., 2002). 
 
Understanding and predicting the complex interactions between resource users and ecosystem dynamics is 
essential to reduce the risk of management failure (Hilborn, 2004). A founding principle of ecosystem-based 
management is that humans are fully part of ecosystems (Leslie and McLeod, 2007), and one of the main 
challenges for decision-makers is to better understand the factors that influence human behaviour (Wilson and 
McCay, 2001). This is of particular importance to fisheries managers who need to better understand the 
mechanisms of fishing effort allocation, so as to better anticipate fishers’ reactions to management. 
 
Fishers’ decision-making can be cast in terms of short- versus long-term choices (Van Putten et al., 2011). For 
example long-term choices include decisions about capital investment, or about whether to enter or exit a 
particular fishery (Nostbakken et al., 2011). Conversely short-term decisions may consist of immediate actions, 
such as choosing a fishing area and/or a type of fishing activity (referred to in this deliverable as a “métier”) at the 
beginning of, or during a fishing trip, and also includes actions, such as discarding fish (Andersen et al., 2012; 
Hilborn, 1985; Hutton et al., 2004). In this study we concentrated on short-term behaviour, and in particular the 
factors that determined fishing effort allocation both spatially and across métiers. An increasing number of 
studies have investigated and modelled short-term fishers’ behaviour using both conceptual and data driven 
approaches. Conceptual approaches include applications of the Ideal Free Distribution (IFD) theory (Gillis, 2003; 
Rijnsdorp et al., 2000), optimal foraging theory (Dorn, 2001), Individual-Based Modelling (IBM) (Millischer and 
Gascuel, 2006; Soulié and Thébaud, 2006) or vessel trajectory analysis (Bertrand et al., 2005; Vermard et al., 
2010). Many data-driven approaches to fishers’ behaviour modelling have built in Random Utility Models (RUMs). 
RUMs provide an appropriate and functional approach to describe how fishers make a choice among a panel of 
finite alternatives (Wilen et al., 2002). Such a discrete-choice modelling approach has been applied to analyse 
fishers’ choice of fishing ground (Hutton et al., 2004; Wilen et al., 2002), target species (Pradhan and Leung, 
2004a; Vermard et al., 2008), and gear type (Andersen et al., 2012; Holland and Sutinen, 1999; Marchal et al., 
2009). 
 
Fishers do not necessarily know all of the surrounding environmental factors and so may only have partial 
information about the precise position and availability of their target species. In most fleet dynamics studies, 
skippers have been assumed to choose their fishing ground, gear and/or target species, based on their own 
experience (e.g. their past choices/activity) and on their economic expectations for a given choice (e.g. past profit 
achieved). For example, fishers’ behaviour can be influenced by fish price fluctuations, which are often seasonal 
and are an important factor to take into account when evaluating the expected profitability of alternative potential 
choices (Dupont, 1993; Loannides and Whitmarsh, 1987). Anecdotal evidence suggests that other factors which 
have seldom been considered in past empirical studies could determine fishers’ behaviour. These factors include 
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Table 3. Description of the fleets (a) and métiers (b) investigated in this study, as defined in the Data Collection 
Framework (DCF) of the European Union (EC, 2008b). The fleets and métiers coding are specific to this study. 

a) 
Gear type Main gear Vessels length (m) Fleet code 

Active gears Demersal Trawlers <10 FL07 
10-11.99 FL08 

12-17.99 FL09 

18-23.99 FL10 

24-39.99 FL11 

Dredgers 10-11.99 FL26 

12-17.99 FL27 

Vessels using Polyvalent ‘active’ gears only 10-11.99 FL38 

12-17.99 FL39 

Passive gears ALL 
 

<10 FL43 
10-11.99 FL44 

Fixed nets 12-17.99 FL49 

Other fleet  ALL FLZZ 
 
b) 
Gear Fishing activity Métier code 
Boat dredge Molluscs NOS01 
Bottom otter Trawl Demersal fish NOS05 

Mixed cephalopods and demersal fish NOS07 

Beam trawl Demersal fish NOS22 
Mid water otter Trawl Small pelagic fish NOS24 
Trammel net Demersal fish NOS34 
Others  NOSZZ 
 

 
We analysed fisheries data per vessel and fishing trip for the period 2007-2009. During a trip, vessels can 
operate in multiple ICES (International Council for the Exploration of the Sea) rectangles (Figure 16). Where a 
vessel visited several ICES rectangles in the same trip, the rectangle wherein it spent most of its fishing effort 
was attributed to the trip under consideration. The French vessels selected were those registered in the main 
Channel maritime districts (ICES Division VIId), i.e., Boulogne sur Mer, Cherbourg, Caen, Dieppe, Fécamp, Le 
Havre and Dunkerque (Figure 16). Those vessels, which had never fished in VIId during the period 2007-2009, 
were excluded from the analyses. Furthermore, analysis of the landing profiles of each fleet allowed us to 
determine the flatfish fishery by selecting flatfish landings which represented more than 2% of the total flatfish 
landings by weight in this area. 
 
Allocation of the fleets’ effort across métiers varied intra-annually. Figure 18 illustrates for all demersal trawlers 
smaller than 18 m (FL07, FL08 and FL09), polyvalent active gear fleets (FL38 and FL39), and for the dredger 
fleets (FL26 and FL27), the seasonal shift between dredging for molluscs (mainly performed in the winter) and 
bottom otter-trawling for demersal fish (mainly performed in the summer), or also midwater otter trawl for fleets 
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Several RUM types building on different probability distributions have been used to model fishing choice 
behaviour. In the present case, two distributions have been considered. First, a conditional logit model 
(McFadden, 1974 ; Vermard et al., 2008) was used. This is the simplest sort of distribution to be considered, and 
also the one for which model outcomes are the easiest to interpret. A potentially critical aspect of this distribution 
model is that it should accommodate the property of independence of irrelevant alternatives (IIA). This IIA 
requires that for any choice alternatives, the relative odds of choosing one alternative rather than another are the 
same, irrespective of the availability of the other alternatives or consideration of their attributes (Train, 2003). A 
nested logit model was then also tested. Nested logit models impose a more complex hierarchical structure that 
could both alleviate the risk of failing the IIA property by limiting its application to alternatives of the same nest, 
and better mimic, at least conceptually, the fishers’ decision-making process (Holland and Sutinen, 1999; 
Marchal et al., 2009). 

 

Table 4. Description of the explanatory variables used in the Random Utility Model. 

RUM explanatory variables Lag Description 
VPUE_MONTH_1 
VPUE_MONTH_12 

1  month 
12 months 

Profit expected by choosing a given 
métier, based on value per unit 
effort experienced in the past with 
this métier 

EFF_MONTH_1 
EFF_MONTH_12 

1 month 
12 months 

Habit of a vessel, reflected by past 
effort allocation by métier 

EFF_OTH No lag Pressure exerted by other French 
fleets in a given statistical  
rectangle 

EFF_GB No lag Pressure exerted by English fleets 
in a given statistical rectangle 

∑POURC_CPUE 1 month Proportion of each main species in 
the landing of a vessel one month 
before the current trip 

SURF_AREA_OCCUP No lag Spatial constraint exerted by 
maritime traffic, estimated by the 
proportion of each statistical 
rectangle overlapped by the 
extended vessel separation system 

SURF_12NM No lag Spatial constraint exerted by the 
12-mile coastal zone, estimated by 
the proportion of each statistical 
rectangle overlapped by the 
management area. 

 
For the conditional logit model, within a fleet, we assumed that at the start of a fishing trip, each individual vessel 
(v) may choose among several alternatives (i). Each alternative was defined by combining a métier and a 
statistical rectangle (Figure 16; Table 3). This allocation process is divided in two steps in the nested logit model, 
with at first, métier’s choice corresponding to the nest and then within each nest, the area selection. All areas 
visited by fishing vessels outside Sub-Division VIId were merged in a unique area (named ZZZZ in this study). 
Each alternative was associated to a utility function. 

 
RUM explanatory variables 
 
The deterministic part of the Utility function (Ui) was composed of 7 explanatory variables. We assumed that 
fishers choose their métier and fishing ground with the aim to maximize their returns based on their own 
experience and also on information gleaned from the other vessels in the same fleet operating the same métier, 
such as the profit realised by the fleet in the past (Holland and Sutinen, 1999; Marchal et al., 2009). We also 
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assumed that fishers interact spatially with other French and English fleets and that they may be constrained by 
both Channel maritime traffic and the 12-mile zone. 
 
The main economic variable driving effort allocation decisions was assumed to be VPUEi defined as the 
expected returns from choosing métier in a given area. To take into account the potential effects of price 
differences between species, VPUEi was derived by weighting past CPUEi,s aggregated per species group s, 
month and métier, with the current monthly average price (€/kg) per species Prices (Equation 1). 
 
VPUEi = ∑s (CPUEi,s * Prices)        (1) 
 
Most studies of fishing decisions to date have shown that the decisions by fishers are also often based on their 
own past fishing patterns (i.e., there is a degree of adherence to traditional fishing grounds and/or métiers) 
(Holland and Sutinen, 1999, 2000; van Putten et al., 2011, 2013; Vermard et al., 2008). For this reason we 
included a variable EFFi,v which represents the past monthly average effort allocated for each alternative by each 
vessel. EFFi,v  can be considered to represent the habits of fishers but also their knowledge of fishing grounds. 
Two different time lags (1 month and 12 month) were applied for each of the variables above (the suffixes 
_MONTH_1 and _MONTH_12 were added to distinguish between these two categories of lagged variables). The 
monthly average proportion of catch of a species s per unit of effort of a vessel v, POURC_CPUEi,v,s, was 
introduced in the model to represent the degree of targeting of specific species or groups of species by fishers. 
This was calculated for the top six species in terms of commercial value for the fleets under investigation. These 
included two flatfish species, sole (SOL) and plaice (PLE), seabass, Dicentrarchus labrax (BSS), cephalopods, 
Sepia officinalis and Loligo forbesi (CEPH) and cod, Gadus morhua (COD). Scallops (SCE), were also included 
as the main target species for the dredging fleets. Other species were aggregated in a seventh species group 
(OTHFF). Only one month lag was applied for those variables. This is because when the POURC_CPUEi,v,s  with 
1- and 12-month lags were used in the same model, none of the other explanatory variables were significant, 
likely due to a problem of multiple correlations between explanatory variables which was not observed when only 
one of the two lagged variables was used. The two different time lags for the variables VPUEi and EFFi,v were 
kept, to explicitly represent the effect of seasonality in fishing some of the target species, and the influence on 
decisions of the most recent exploitation cues, hereby observed in the previous month. 
 
To capture the impact of other fishing activities on fisher choices, three choice-specific variables were introduced 
in the model. The first, EFF_othi, represents the spatial interaction with the other French fleets, and it is derived 
from the sum of monthly average current effort allocated by other fleets to a particular area. The second, 
EFF_GBi is the mean cumulative effort allocated by English vessels to a particular area, and represents the 
spatial interaction between the French fleet under consideration and English vessels fishing at the same time. 
The two remaining explanatory variables that were calculated represent the spatial constraint exerted by 
maritime traffic and area-based management on the French fleets. SURF_AREA_OCCUPi is the monthly 
average overlap between the extended VSS and the fishing grounds, and provides an estimate of the pressure 
exerted by maritime traffic per ICES rectangle. The variable SURF_12NMi  represents the 12-mile zone, and was 
calculated as the percentage of each statistical rectangle that overlapped with this restricted fishing zone. Finally, 
correlations have been tested between each couple of variables. 
 
In summary, the deterministic part of the utility function was written as follows (equation 2): 
 
Ui ~ VPUEi + EFFi,v + EFF_othi + EFF_GBi + ∑s POURC_CPUEi,v,s + SURF_AREA_OCCUPi + SURF_12NMi(2) 
 
Model selection and probability  
 
The two different models, nested and conditional logit, were tested on each fleet. Both models were tested 
against the IIA hypothesis. The test consists of comparing the estimation of the model with the set of all 
alternatives C, with the same model using only a subset of alternatives A. Hausman and McFadden (1984) 
provide a description of this test which leads to the formulation of a test statistic S (equation 3): 
 
S = (θA – θC)’ * [cov (θA) – cov (θC)]t * (θA – θC)      (3) 
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where θA and θC are respectively the maximum likelihood estimators of the conditional logit model with the subset 
of alternatives A and the one with the set of alternatives C. This test statistic S follows a χ2 distribution. The test 
is performed by comparing the full-alternative model with the model with one alternative missing, for each 
alternative. 
 
Selection of the best model is based on the McFadden’s likelihood ratio index (LRI) (McFadden, 1974), which is 
similar to a R². The model was fitted to 2007-2008 data. The model retained can then be used to calculate the 
probability of each possible choice i by maximizing Ui. The calculus of this probability is detailed in equation 4 for 
the conditional logit model with N as the total number of alternative choices for a given fleet.  
 
P (i) = exp (Ui) / ∑i=1:N exp (Ui)        (4) 
 
Concerning the two-level nested logit model, this probability may be described as (equation 5; Train, 2003): 
 
P(i) = P(m) * P(i|m)         (5) 
 
where P(i|m) (equation 6) is the conditional probability that the skipper will choose the alternative i after having 
selected the métier m. P(m) (equation 8) is the unconditional probability that the skipper will choose the métier m 
before each trip. The deterministic component of Ui can be derived on factors applied to the selection of a nest (a 
métier) hereafter called Z and others use in the second decision step (ICES area) hereafter called Y. P(i|m) can 
be expressed as 
 
P(i|m) = exp(β’Yi|m) / exp(IVm)        (6) 
 
where β is the parameter vector to be estimated, and 
 
IVm = log { ΣiϵCm exp(β’Yi|m)}         (7) 
 
is the inclusive value for métier m. The unconditional probability of selecting à métier m is 
 
P(m) = exp(γ’Zm + σmIVm) / ΣmϵC exp(γ’ZmσmIVm)      (8) 
 
where σm is the inclusive parameter value for métier m and γ is the parameter to be estimated. The consistency 
of using a nested logit model is assessed by testing the null hypothesis σm=1 with a Wald χ2 test. 
 
Forecast 

 
We used the models previously calibrated over 2007-2008 to forecast trip choices in 2009. For each fleet, a set 
of explanatory variables was considered, and only the coefficients associated to the variables that best explained 
the model’s variability (p < 0.05) were used to predict choices in 2009. The input data were derived from the 
same source of information that was used to describe the fleet choices over the 2007-2008 period, and these 
were processed in the same way. In many fisheries applications of discrete-choice models, the forecasted choice 
is taken to be that with the highest probability (see equations 4 and 5) (Marchal et al., 2009; Vermard et al., 
2008). However, this approach appears to be rather ad hoc, and the prediction performances of the maximum 
probability estimator have, to the best of our knowledge, never been contrasted with those of alternative 
predictors, such as the median of the distribution.  
 
In the present case, two methods of prediction were used. With the first method, the choice actually made is 
assumed to be as in previous studies, the alternative with the highest probability. The second method requires 
performing 200 simulations. Within each simulation, the choice is randomly selected from a multinomial 
distribution parameterized by the probability distribution derived from the model calibration. The frequency of 
each of the alternative choices actually made is then calculated for both methods for each month. For the second 
method, the median of the 200 frequencies obtained with the random iterations is defined as the frequency of 
forecasted choices. 
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To assess the capacity of each method to forecast the trip choice made in 2009, the frequencies of forecasted 
choices per month are compared to the observed frequencies. χ2 tests are usually performed to compare 
observed and theoretical proportions. However, in our case, some choices will not be selected given the 
information provided by the explanatory variables. Because theoretical frequencies are used as denominators in 
the χ2 equation, null values will by construction compromise the utilization of that test. For that reason, another 
indicator has been calculated in order to evaluate the respective performances of the two prediction methods. 
This is the mean absolute error (MAE) weighted by the total number of trips per month obtained with each 
method, for each fleet (equation 9) (Willmott and Matsuura, 2005). 
 
MAE = [1 / (M * N)] * ∑i=1:M ∑j=1:N |Fi,j – Fpredi,j| / Fi      (9) 
 
Where Fi,j is the frequency of observed choice j during month i; Fpredi,j is the frequency of the forecasted 
choices; Fi is the total number of trips performed by a fleet during month I; N is the number of alternative choices 
for a given fleet; and M is the number of months during which trips are operated. The method with the smallest 
MAE is considered to be the one which best predicted the global behaviour of the fleets. The package mlogit of 
the R 2.14.1 software was used to estimate the model and perform the forecasts (Croissant, 2011; R Core Team, 
2012). 
 
Results 
 
Model goodness of fit 
The correlation between explanatory variable is most of time less than 0.2, except for some fleets for which it can 
be around 0.5 (especially for variable VPUE or EFF with two different time lags), so all the variables previously 
described have been tested. The goodness of fit tests for the two models for each fleet using 2007-2008 data are 
presented in Table 5. 

 

Table 5. Comparison, for each fleet, of the model’s goodness of fit to the 2007-2008 data, for the conditional logit 
model (MNL) and the nested logit model (NMNL) and test of the nested structure with a Wald χ² test. An 
alternative correspond to a métier and area choice combined. 

 Number of 
alternatives 

McFadden R² LRTEST Wald χ² test 
(p-wald) 

 MNL NMNL MNL NMNL NMNL 
Demersal trawlers <10m 16 0.68 0.69 4309.5 4358.8 90.18 (<2.2e-16) 

10-12m 29 0.55 0.56 5796.2 5876 134.32 (<2.2e-16) 

12-18m 38 0.41 0.42 3272.2 3364.9 81.71 (<2.2e-16) 

18-24m 31 0.26 0.26 3208.5 3221.5 7.59 (0.022) 

24-40m 24 0.17 0.18 816.59 819.54 4.34 (0.114) 

Dredgers 10-12m 25 0.54 0.55 4874.4 4967.3 93.43 (<2.2e-16) 
12-18m 56 0.38 0.39 12222 12272 60.69 (6.64e-14) 

Polyvalent active 
gear 

10-12m 33 0.33 0.34 3435.1 3548.3 60.92 (3.74e-13) 
12-18m 38 0.31 0.31 3789.4 3790.1 0.59 (0.75) 

All passive gear <10m 21 0.68 0.68 28941 29298 197.11 (<2.2e-16) 
10-12m 28 0.58 0.59 9838.5 9870.5 17.31 (0.00017) 

Fixed nets 12-18m 24 0.64 0.64 3252 3234.4 2.29 (0.32) 
 

For all fleets, the McFadden R2 was slightly higher when the nested logit model was used and the same result 
was observed with the likelihood ratio test. The IIA was tested for each fleet; however the property was never 
fully satisfied for the demersal trawlers of length below 10 m (Table 6). 
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Table 6. Tests for the IIA property, based on the S statistic, performed on demersal trawlers composed of 
vessels of less than 10 m and passive gear fleet composed of vessels of less than 10 m. 

FL07  FL43 

Deleted choice S statistic P-value  Deleted choice S statistic P-value 

NOS01 27E9 Negative -  NOS34 27E8 34.22 0.27 

NOS01 out of VIId 16.12 0.93  NOS34 27E9 13.90 0.99 

NOS05 27E9 15.01 0.96  NOS34 27F0 1.27 1 

NOS05 27F0 9.09 0.99  NOS34 28E8 Negative - 

NOS05 28E9 Negative -  NOS34 28E9 17.80 0.96 

NOS05 28F0 Negative -  NOS34 28F0 Negative - 

NOS05 28F1 6.53 0.99  NOS34 28F1 Negative - 

NOS05 29F1 31.42 0.21  NOS34 29F1 41.84 0.07 

NOS05 out of VIId Negative -  NOS34 30F1 Negative - 

NOS22 28F1 1.16 1  NOS34 out of VIId 399.90 <0.0001 

NOS22 29F1 241.84 <0.0001  NOSZZ 27E8 Negative - 

NOS34 out of VIId Negative -  NOSZZ 27E9 338.32 <0.0001 

NOSZZ 27E9 Negative -  NOSZZ 27F0 Negative - 

NOSZZ 27F0 Negative -  NOSZZ 28E8 Negative - 

NOSZZ 28F0 Negative -  NOSZZ 28E9 Negative - 

NOSZZ 29F1  Negative -  NOSZZ 28F0 Negative - 

    NOSZZ 28F1 Negative - 

    NOSZZ 29F0 Negative - 

    NOSZZ 30F0 4.58 1 

    NOZZZ 31F1 1.70 1 

    NOSZZ out of VIId Negative - 

Degree of freedom 26   30 

Critical chi-squared[df] 38.89   43.77 

 
The statistic S was often negative, which does not necessarily contradict with the IIA assumption (Hausman and 
McFadden 1984). Nevertheless, the S statistic is higher than the critical value for some alternatives (e.g., NOS22 
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Table 7. Parameters estimates from RUM on trip choice behaviour for each fleet. Only the significant parameters are shown and used to forecast the year 2009. The positive 
coefficients are shown in bold characters (P-value: 0 ‘***’, 0.001 ’**’, 0.01 ‘*’, 0.05< ’-‘) 

Variables Demersal Trawlers Dredgers Polyvalent active gears All Passive gears Fixed 
nets 

<10m 10-12m 12-18m 18-24m 24-40m 10-12m 12-18m 10-12m 12-18m <10m 10-12m 12-18m 

VPUE_MONTH_1 0.0050** -0.002* -0.003*** -0.006*** 0.0012*** 0.0023*** 0.0017*** 0.0009* 0.0015** - -0.0015** - 
VPUE_MONTH_12 0.0104*** 0.0056*** 0.0042*** 0.0012*** 0.0016*** - -0.0043*** 0.0104*** - - 0.0059*** 0.0028* 
EFF_OTH -0.064*** - - - - - -0.0316*** -0.0434*** -0.0298** -0.0166*** - - 
EFF_GB - - 0.0290*** - - - 0.0262*** 0.0291*** 0.0371*** - - - 
EFF_MONTH_1 -0.096*** - -0.015*** - 0.0106*** -0.0056* -0.0051*** -0.0102*** - 0.0875*** 0.0046*** - 
EFF_MONTH_12 0.1364*** 0.1052*** 0.0678*** 0.0147*** 0.0214*** 0.1018*** 0.0681*** 0.0105*** 0.0741*** 0.2370*** 0.0290*** 0.2591*** 
POURC_CPUE_SOL 0.0414*** 0.0300*** 0.0268*** - - 0.0607*** 0.0430*** 0.0462*** 0.0320*** 0.0509*** 0.0321*** 0.0340*** 
POURC_CPUE_PLE 0.0959*** 0.0651*** 0.0318*** - - 0.0144* 0.0526*** 0.0313*** 0.0427*** 0.0309*** 0.0707*** - 
POURC_CPUE_BSS - - 0.0943*** - - - 0.0180*** - 0.0263** 0.0286*** 0.0207*** 0.2920*** 
POURC_CPUE_COD - 0.0677*** 0.0248* 0.0400*** - -0.1356** 0.0909*** 0.0237* 0.0664*** 0.0102*** 0.0216*** 0.0382*** 
POURC_CPUE_SCE 0.0257*** 0.0255*** 0.0235*** 0.0859*** - 0.0411*** 0.0242*** 0.0237*** 0.0183*** - 0.0569*** 0.0165*** 
POURC_CPUE_CEPH -0.0426* 0.0158* 0.0400*** 0.0262*** 0.0140** 0.0803*** 0.0098*** - - 0.0359*** 0.0241*** - 
POURC_CPUE_OTH 0.0540*** 0.0354*** 0.0341*** 0.0228*** 0.0095*** 0.0386*** 0.0400*** 0.0320*** 0.0325*** 0.0340*** 0.0427*** 0.0302*** 
SURF_AREA_OCCUP 0.1506** - -0.008*** -0.006*** - - -0.0071*** - -0.0060** - -0.0037* 0.0060* 
SURF_12NM 0.0019* - - - - - - 0.023*** - 0.0028*** 0.0043*** - 
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Traditional fishing 

 
The current effort allocation of all fleets rigged with active gears (demersal trawlers, dredgers and polyvalent 
active gears) was negatively (or not) affected by their past short-term effort allocation, except for the fleet of 
demersal trawlers 24-40 m (FL11) and all of the passive gears, which were positively influenced by past effort in 
the same month in the previous year. 

 
Influence of other uses of maritime space  

 
Three different variables represent the potential spatial interactions, which may potentially interact with the 
French fishing fleet. These include (i) other fleets from France or England, (ii) maritime traffic, and (iii) the 12-mile 
zone where trawling is prohibited to large trawlers. The presence of English vessels reflected by the variable 
EFF_GBi was positively correlated with several of the French fleets: 12-18 m demersal trawlers (FL09), 12-18 m 
dredgers (FL27), and all polyvalent vessels using active gears (FL38 and FL39). That presence has no effect on 
the other fleets.  
 
However, most of the French fleets tend to avoid areas with an overlap with other French fishing fleets, as 
represented by EFF_othi which always has a negative influence on the choice of a statistical rectangle. 
 
The proxy representing maritime traffic, SURF_AREA_OCCUPi, had a negative influence on the choice of 
activities by fleets of larger active gear vessels (FL09, FL10, FL27 and FL39), and also the 10-12 m passive gear 
fleet (FL44). However, the smallest demersal active gear fleets (<12 m, FL07, FL08, FL26 and FL38) display a 
positive or null coefficient. Choices by the fixed nets fleet (FL49) are also positively impacted by the maritime 
traffic overlap variable.  
The proxy representing the overlap with the 12-mile coastal management area, SURF_12NMi, has a positive 
coefficient for fleets consisting of small vessels: demersal trawlers under 10 m (FL07), 10-12 m polyvalent active 
gears fleet (FL38), under 10 m and 10-20 m passive gears fleet (FL43 and FL44). 
 
Forecasted fishing effort allocation (2009) 
 
The test of the two ways to forecast area and métier choice (based on either the maximum probability or the 
simulated median method) for 2009, indicated that the median value derived from a random sampling of 200 
alternative within the multinomial probability distributions estimated by the RUM best matched the observations. 
As shown in Table 8, the MAE was always lower with the random sampling method than with the method using 
the maximum of probability as a choice. 

 

Table 8. Comparison of two methods to forecast the trip choice in 2009 based on the parameter estimates from 
discrete choices models previously analysed. The MAE (Mean absolute error) of each method is shown for each 
fleet. 

Forecast 
method 

FL07 FL08 FL09 FL10 FL11 FL26 FL27 FL38 FL39 FL43 FL44 FL49 

Maximum of 
probability 

8.32 2.06 1.89 1.62 3.02 2.65 1.24 3.49 2.48 5.5 1.40 2.31 

200 random 
iterations 

6.64 2.01 1.83 1.60 2.50 2.71 1.12 2.65 2.324 3.51 1.07 2.14 

 
Only the small dredger fleet had a better forecast with the maximum of probability method. On average, the 
percentage of error in the prediction (MAE) is low, in most cases less than 5%, and always less than 10%, which 
is confirmed by visual inspection (see examples in Figure 20). 
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Holland and Sutinen, 1999; Vermard et al., 2008; Marchal et al. 2009). We proposed here a method where an 
alternative is randomly sampled within the probability distribution derived from the RUM. This technique improves 
the predictions, and it also takes account of the variability of the fitted model. However, this method is more 
computer-intensive due to the important number of simulations that are needed to reduce prediction error. 
 
Fishers’ behaviour driven by past activities 
 
The decisions made by the different fleets in our models are strongly determined by the past activity of each fleet 
and more precisely by their activity in the previous year. However, the analysis of active demersal fleets also 
highlights the importance of scallop dredging in the Eastern Channel, which to a large extent determines the short 
term behaviour of these fleets. Scallop dredging is prohibited to French vessels between the 15th of May and the 
1st of October, by ministerial order. Given the economic importance of this activity in the overall pattern of fishing 
of the fleets, any change in the regulation of this métier can be expected to induce important modifications in 
fisher behaviour. This regulation implies a seasonal switch in the métier choice of demersal active fleets (Figure 
18), which is reflected in the estimated coefficients. Hence, fishers’ métier choices are negatively impacted by 
their past short-term effort allocation, which confirms the strong seasonal variations in fishing effort observed for 
these fleets. The fleets maintain a similar pattern of choice from one year to another that is shown by the positive 
value of the variable associated to long-term habits. 
 
The influence of expected returns differs between the demersal trawlers and the other active gear fleets. The 
positive impact of the VPUE_MONTH_1 on the small demersal trawlers, dredgers and polyvalent active gears 
(respectively FL07, FL26, FL27, FL38 and FL39) may be due to their ability to change métier relatively more 
easily compared to the larger demersal trawlers. Indeed, operators of these small trawlers are used to working 
across a greater diversity of fishing activities than those of larger trawlers. The large demersal trawlers (from 
FL08 to FL11) appear to be less reactive to changes in the relative profitability of alternative activities. Based on 
the model results, it appears that operators of these vessels tend to plan their fishing strategy based on the 
returns per métier in the previous year, when scheduling a change in the gear used and (or) in the area fished. 
The largest class of demersal trawlers (FL11) targeting fish (NOS05) as its main activity responds positively to 
variation in expected returns in the previous month, which could be explained by the fact that most of the activity 
of this fleet occurs outside of the Channel. The same hypothesis could be invoked to explain the behaviour of the 
passive gear fleet of vessels 10-12m in length (FL44), the activity of which is mainly focused on the use of 
trammel net (more than half of the fleet’s effort is allocated to this métier)(NOS34). The only fleet with a negative 
response to relative expected revenue in the previous year is the dredger fleets of 12-18m vessels (FL27). This 
could be explained by two different hypotheses. Firstly, the effort allocation of this fleet could be explained by an 
increase of scallop biomass in 2008 compare to 2007. The impact of Scallop availability is shown in Figure 18 
where the proportion of effort allocated to the dredge métier (NOS01) in May 2008 (more than 60%) is much 
higher than it was in May 2007 (20%). Secondly, fishers could have reached their scallop catch quota earlier than 
expected in the 2007 season, which could also explain the previous observation. However, the results obtained 
with respect to this 12-month lagged variable must be interpreted with great caution, since only two years of data 
have been used in this study. 
 
Is there an impact of spatial management and other maritime activities on fisher’s behaviour? 
 
Large vessels fishing with active gears are spatially constrained by the fishing activity regulation within the 12-
miles zone, inducing an allocation of their effort in the middle of the Channel. Their activity then competes with 
maritime traffic which is highly concentrated in this part of the Channel. Fishers seem to change their effort 
allocation during the period of the year with the most important shipping intensity, as shown by the negative 
coefficient for the variable SURF_AREA_OCCUPi for demersal trawlers (FL09 and FL10), dredgers and 
polyvalent vessels using active gears (respectively FL27 and FL39). By contrast, the small demersal trawlers fleet 
(FL07) and the fixed nets fleet (FL49) choose fishing areas where traffic is intense. Fleets of small vessels using 
active gears (FL07 and FL39) focus their activity in the inshore area, as shown by the positive correlation with the 
variable SURF_12NMi where (except in the Dover Strait) they are not impacted by shipping. This fleet spends 
most of its fishing activity near the Dover Strait where the maritime traffic is the most intense due to the narrowing 
of the strait in that part of the Channel but this fact is not captured by the model. Unlike larger boats, smaller 
vessels using active gears are also limited in terms of the distance to fishing grounds (these vessels operate daily 
trips, have limited fish storage capacity and limited engine power). For the fleet fishing with fixed nets (FL49), the 
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Strait of Dover corresponds to the presence of their target species and more particularly sole, which could explain 
the positive correlation of their area choices with the variable ܷܴܷܵܥܥܱ_ܣܧܴܣ_ܨ ܲ  (Carpentier et al., 2009). 
This fleet thus allocates its effort in the statistical rectangle close to the Strait where shipping is the most intense. 
Moreover this fleet sets its nets on each side of the maritime traffic lines (Carpentier et al., 2009), while the 
demersal trawlers, dredgers and polyvalent vessels using active gears need to be able to travel across the VSS 
whilst fishing, which could explain the behaviour difference. 
 
When the interaction between fishing fleets is significant, vessels seem to avoid areas occupied by other French 
fleets. Small vessels generally fish inshore, while larger vessels using active gears are not meant to be fishing 
within the 12 miles area, which could partially explain the spatial separation between these fleets. Another 
hypothesis could be that smaller vessels are able to profitably fish in areas with lower fish density than larger 
vessels. If this is the case, if localised depletion of fish or congestion of fishing capacity is observed in an area, 
smaller boats might be able to reallocate their effort to an area with lower fish density but with less competition. 
Moreover each target species gets its own spatial repartition that could explain the difference of effort allocation 
observed between each French fleet. The model also, rather counter-intuitively, predicts that French 12-18 m 
demersal trawlers and dredgers, as well as both polyvalent active gear fleets (respectively FL09, FL27, FL38 and 
FL39) seem to prefer fishing in areas where UK vessels also allocate their effort. The English fleet is mainly 
composed of beam trawlers and dredgers both targeting the same species as the fleet segments in France. In 
particular, both the French and English vessels operate the métier targeting scallops (NOS01), a poorly mobile 
species, which probably explains why English and French fleets targeting scallops coexist on the same fishing 
grounds. 
 
Forecast 2009 data 

 
The forecasting model fitted the 2009 data reasonably well. This indicates that our model may be used to predict 
effort allocation one year ahead with a small level of error. By using the methods of forecast with several 
iterations, we take into account model variability and increase the accuracy of the prediction, even for the fleets 
with the weakest model fit. However RUMs are strongly data-driven and they need to be re-evaluated in case of a 
stepwise regime shift such as the introduction of a brand new spatial constraint (e.g., a marine protected area, or 
a wind farm). The model could be improved using finer scale data for fishing effort allocation (e.g. satellite based 
information). Such high resolution data could also be used to assess the impacts of aggregate extraction on 
fishing effort allocation. The use of detailed indicators of shipping intensity could also add information to our 
study. 
 
Perspectives 

 
To simulate the ecosystem conservation performances of different management regimes, this model needs to be 
integrated in a holistic modelling framework which can also predict the responses of the key target species to 
alternative harvesting patterns. Changes in spatial effort distribution and/or species targeting will change the 
dynamics of the underlying populations of these species, which might in turn lead to new changes in fishing effort 
allocation. Such a holistic model should in principle also take into account the process of entering and exiting the 
fishery. Some studies have already investigated this complex process (Le Floc’h et al., 2011; Pradhan and 
Leung, 2004b; Thébaud et al., 2006; Tidd et al., 2011), exploring the processes driving structural changes in 
fishing fleets. In the present paper the RUM can be used as the basis for a fleet dynamics sub-model in an 
existing holistic model such as ISIS-Fish (Pelletier and Mahévas, 2005), that simulates all the dynamics of the 
fishery from the biology of the target species to the response to management strategies, or Atlantis (Fulton et al., 
2007) that takes into account all parts of the marine ecosystem in interaction with human activities and their 
management. Such coupled models can be used to test different management strategies and the effect of spatial 
interactions between different uses of the marine ecosystem. 
 
Conclusion 
  
In this study, RUMs have been used to understand fishers’ behaviour interacting with other maritime activities in 
one of the busiest seas of the world, the Eastern English Channel. Several explanatory variables have been used 
in accordance with literature. To assess the impact of others maritime activities, the overlap between fishing 
activities, maritime traffic area and the 12 miles restricted management area has been built in our model. Finally, 
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the between-fleets interactions are also represented in those models. Two different models have been tested, the 
conditional logit and the nested logit models. None of them fully satisfied the IIA property, and both fitted the 
2007-2008 data similarly, so we selected the more parsimonious logit model in subsequent analyses. We showed 
that all of the fleets considered in this study were strongly influenced by their past activities with specific 
responses depending on the fleet considered. However, we also showed the importance of the maritime traffic 
which negatively impacted large vessels using active gears. To simulate the ecosystem conservation 
performances of different management, considering all of the interactions that occurred between the different 
maritime activities, this model needs to be integrated in a holistic modelling framework. 
 
 
 

1.2.2 	Eastern	Channel:	 Spatial	 effort	 allocation	of	English	 vessels	 interacting	
with	 other	 fleets,	 aggregate	 extractions,	 maritime	 traffic	 and	 coastal	
management	

 
The following study is due to be published as a paper with the following reference: 
Tidd, A.N., Vermard, Y., Marchal, P., and Pinnegar, J. Fishing for space. Manuscript in preparation. 
 
Section Abstract 
Since 2008, the European Union has had objectives for spatial planning and regulation to deal with increasing 
human activities and pressures at sea. Integrating spatial planning with existing fisheries regulations has been 
difficult because of the spatial scale at which landings are reported and the fear among practitioners of conceding 
space to competing activities. To determine the extent that spatial competition influences the choice of fishing 
grounds, a discrete choice model was applied to fine spatial resolution data obtained from the Vessel Monitoring 
System (VMS). We analysed the determinants of English and Welsh scallop-dredging fleet behaviour, including 
competing sectors operating in the eastern English Channel. Results show that aggregate activity, maritime 
traffic, expected costs, English inshore 6 and French sovereign 12 mile nautical limit negatively impact the choice 
of fishers, and conversely that past success, expected revenues and fishing within the 12 nautical mile limit have 
a positive effect on their utility. The model has potential application for Marine Spatial Planning (MSP). 
 

Introduction 
 
As human pressures increase there is a need to balance competing demands for natural resources that society is 
challenged to manage and conserve for future generations. Experience has shown that once humans have fully 
exploited a resource on land they look for alternatives at sea. The sea, traditionally seen as a common property 
resource, is confronted increasingly with competition for space by competing sectors, e.g. fisheries, oil and gas 
exploitation, aggregate extraction, wind energy, shipping and transport, recreation, dumping and the military. The 
spatial planning and regulation of the increasing human activities and pressures at sea are therefore becoming a 
concern, especially given that some resources are limited in space and quantity. If the limited resources are 
poorly regulated, there may be a race to exploit them, a situation commonly known as the “Tragedy of the 
Commons” (Hardin, 1968). 
 
 
Since 2008, the European Union has had objectives that place a responsibility on member states to achieve 
common principles. It is called the “Roadmap for spatial planning” (EC, 2008c) and falls under the Integrated 
Maritime Policy (IMP; EC, 2007), and is now generally referred to as Maritime Spatial Planning (MSP). The 
objectives of MSP are to manage anthropogenic activities in space and time, precluding or minimising conflicts 
between competing sectors without negatively impacting the ecosystem, operating within the Marine Strategy 
Framework Directive (MFSD; EC, 2008d) and covering human activities. MSP is therefore an integrated marine 
management plan to alleviate conflict and balance ecological, social and economic demands to achieve Good 
Environmental Status (GES) in EU waters. However, because sectors at sea can change rapidly and the 
complexities of natural systems are linked and inter-reliant, a management decision for one may affect others, 
and MSP needs to be treated as a process of continuous, adaptive management. Uncertainty associated with 
compliance to management measures and thus its effectiveness has been linked to a lack of knowledge on the 
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motivations associated with people. Traditional fisheries management treats fishers as fixed components with no 
consideration of their behaviour in terms of attitudes to fishing (i.e. spatial, temporal, social, ecological and 
economic) and individual aims (Salas and Gaertner, 2004; McKelvey 1983; Smith and McKelvey, 1986).  
 
The EU’s Common Fisheries Policy (CFP) recognised the importance of these factors (EC, 2009a) and is now 
committed to both an ecosystem approach and more regional approach, whereby fleets and fisheries and their 
interactions are to be managed within smaller regional areas rather than the broad ecoregions used in the past. 
Given the importance of MSP, several writers have stressed the relevance of designing fleet-based spatial 
management in the commercial fisheries sector (Botsford et al., 2007; Kraus et al., 2009; Bastardie et al., 2010a), 
accounting for different fleet activities at a scale fine enough to feed into the MFSD. To date, integration has been 
difficult owing to the broad scale (ICES statistical rectangle ~900 nautical miles2) at which some data (e.g. 
landings) are reported. With the emergence of Vessel Monitoring Systems (VMS) over the past decade, however, 
MSP is now potentially possible at a finer scale. Issues of data confidentiality between member states have 
hampered the process, though, and there is also a historic reluctance of fishers to provide accurate landings 
information for fear of conceding knowledge of profitable fishing grounds (NSRAC, 2005). Degnbol and Wilson 
(2008) suggested that fishers are concerned about data confidentiality, especially how the data they provide 
would be used and by which authority. For example, they especially raise concerns regarding how the data would 
be used against them by conservationists, as the data could potentially be used to identify productive fishing 
grounds as suitable for Marine Protected Areas (MPAs) or by fisheries managers to implement tighter 
enforcement constraints. In the light of the limited data availability and confidentiality, fisheries managers are 
looking now for alternative approaches to assist spatial planning, which will reduce implementation error i.e. 
where the effects of management differ from that intended (Peterman, 2004). One such approach involves 
anticipating fisher behaviour in response to regulation. Recent studies have applied random utility model (RUM) 
methodology (Vermard et al., 2008; Andersen et al., 2010; Tidd et al., 2012) to this issue, because such models 
offer an opportunity to study individual behaviour at a finer scale of space and time than previous approaches 
(Coglan et al., 2004). Fisher behaviour cannot be predicted with certainty because of the many factors (see 
above) which influence where and when a fisher will operate. If managers can better anticipate fisher behaviour, 
then they may be able to reduce the unanticipated side-effects of management actions aimed both at the fishery 
sector and at other sectors. 
 
The objective of the present study was to analyse and model the key determinants of where fishers choose to 
fish, building on retrospective time-series and including competition between a selection of key sectors of activity 
and understanding their interaction to these activities. The focus was the English and Welsh scallop-dredging 
fleet operating in the eastern English Channel (ICES Division VIId). That area also contains one of the busiest 
shipping lanes in the world, the route between the Atlantic Ocean and the North Sea, and there is a traffic 
separation scheme (TSS) in operation with 100 vessels in and 100 vessels out per day. It is perceived that such a 
concentration of vessels would have a negative impact on commercial fishers.  
 
There are also several active marine aggregate extraction sites and fishers have expressed concerns about the 
accumulation of marine aggregate sites where licences are permitted and the effect of fishing pressure 
concentrating itself elsewhere for fear of gear damage and the sustainability of fish stocks (Cooper, 2005). In 
terms of fishing restrictions in the eastern Channel there is a 12 nautical mile belt of territorial water surrounding 
the base coastline that is sovereign waters (English and French), also English local bylaws restrict beam trawlers 
of 300 hp or 70 grt from this area and as such restrict competition with the inshore fleet fishing for sole (Figure 
21). This ruling also prevents fishing by any international fishing vessel, though the area can be used for safe 
passage. The 6 mile limit is also a restricted zone to assist inshore vessels by restricting vessels of size >14m. 
Most of the vessels operating in the region are small (<10 m) inshore boats that deploy gillnets, trawls, longlines, 
traps and pots, and target sole (Solea solea), plaice (Pleuronectes platessa), cod (Gadus morhua), bass 
(Dicentrarchus labrax) and some skates (Rajidae; Pawson, 1995).  
 
A mixed RUM was developed to analyse the determinants of fisher behaviour at a fine scale (a trade-off between 
ICES rectangle and individual position) using English and Welsh VMS data, highlighting the effect of the key 
potential competing sectors on fishing behaviour. Suggestions are then made as to how the method can be used 
in integrated MSP in anticipation of the potential establishment of Special Areas of Conservation (SACs) in the 
area as part of UK commitments to the EU's Habitats Directive (EC, 1992).   
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fluctuations in recruitment, market demand, regulations and more recently fuel price are common features of 
scallop fisheries.  Historically the consequences of which include variability in the number of vessels participating 
in the fishery due to there being no restrictions on licences or total scallop catches.  In 1999 the number of 
vessels was particularly high so regulatory authorities attempted to cap licences on vessels (≥10 m) (Brand, 
2006).  However it has been suggested that it had little impact on the fishing effort as there were more licences 
granted than there were boats fishing in the fishery (Brand, 2006).  Nevertheless there are periods of temporal 
inactivity when stock abundance is low and the fleet move to other fishing grounds (Beukers-Stewart and 
Beukers-Stewart, 2009).  Generally current management of scallop fisheries are controlled through minimum 
landing sizes and the numbers of dredges regulated by local sea fisheries committees as there are no catch 
limitations. 
 

Data 
 
The UK’s Department for the Environment, Food and Rural Affairs (Defra) database for fishing activity and the 
fleet register were used to select commercial landing and vessel data from the English and Welsh fleet (excluding 
Scottish and Northern Irish due to confidentiality issues). Individual trip data for commercial scallopers were 
collated for the years 2005–2010. The data collected for each vessel included species landed, hours fished, 
landed weight per ICES statistical rectangle (kg), month of fishing, year of fishing and total value of the catch by 
species, vessel and trip. Within the EU, it is currently only a requirement for vessels >10 m long to submit 
logbooks, but the database also contains a subset of catch from <10 m vessels that historically reported their 
catches by means of logbooks. 
 
Methodology for the definition of fleets was based on the European Commission’s Data Collection Regulation 
(DCR; EC, 2000). A method was developed independently (see EC, 2006), preceding the present Data Collection 
Framework (DCF; EC, 2008e), which defines the scallop-dredging fleet on the basis of its use of a scallop dredge 
for >50% of a fishing trip. It is assumed that dredge catches consist mainly of molluscs and that their 
tactics/métiers can be defined based on the proportional composition of mollusc value to the total value of 
landings, so removing the differences in catch rates attributable to vessel capacity. 
 
VMS monitoring in the European Union (EC, 2003, 2009b) has been in place since 2000, initially for fishing 
vessels of ≥24 m long, post-2005 for vessels ≥15 m long, and in 2012 ≥12 m long. The data are designed to help 
regulatory authorities determine whether a vessel is rule-breaking by receiving a ping every 2 h giving position, 
course and speed. However it is not totally clear from VMS data whether the vessel is in port, steaming to and 
from fishing grounds, hauling, shooting or fishing. Over the past few years, authors such as Mills et al. (2007), 
Lee et al. (2010) and Hintzen et al. (2012) have described methods to determine fishing or steaming activities 
from unprocessed VMS data, methods that include removal of erroneous data, e.g. positions on land, unusually 
high speeds, positions close to port and duplicate records. No individual method in the scientific literature has 
been adopted as the definitive process or preferable to another, however, but for ease and accessibility, the data 
for the years 2005–2010 were processed in the manner described by Lee et al. (2010). Logbook data and VMS 
fishing records were selected, combined by vessel and ICES rectangle between departure and arrival dates, 
forming a detailed dataset of fishing activity. The ICES rectangle was further formatted into 200 (3' × 3')-pixel 
squares coded from 000 to 199, starting from top left and moving to bottom right, placing all the coordinates from 
the VMS data into the pixels.  
 
 
Marine diesel prices, excluding value-added tax (VAT) and duty, were obtained from the Department of Energy 
and Climate Change (DECC). Aggregate-extraction intensity data by month for the years 2005–2010 were 
obtained from the UK’s Royal Haskoning and Ifremer. In terms of shipping/transport traffic information from 
Automatic Identification System (AIS) was obtained from the Maritime Coastguard Agency (MCA) which is used 
by port authorities to help prevent shipping collisions and control sea traffic for all vessels over 299 grt. Finally, 
UK 6-mile and French 12-mile limits were added to the maritime activities dataset because it was considered that 
competition for space with the local inshore fleet would be an influencing factor. Having populated the dataset 
with all covariates, the dataset could be used in a mixed RUM to determine the key determinants of fisher 
behaviour in relation to the key competing sectors of activity as well as fishing specific covariates. It is likely that 
key competing sectors of activity as well as costs (i.e. fuel price) will negatively impact fishing specific operations 
(Figure 22), in contrast to expected revenues and past effort (knowledge or habit) largely influencing fishing 
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where	β is a vector of coefficients that varies across individuals, and ݔ  is a vector of the attributes of each of 
the choices made. Cost data enter the model with a negative sign and revenues with a positive sign, as 
suggested in the economic literature (Train, 1998; Ran et al., 2011). The analysis was carried out in the SAS 
package PROC MDC (SAS, 1999) using quasi-Newton optimisation and 100 Halton draws. 
 
The definition of choice set 
 
When designing RUMs, fisheries scientists are confronted with the problem of creating a choice set, which covers 
the individual sites to which a fisher travels to fish. If sites are too small (individual latitude/longitude positions), 
there may not be sufficient site-specific information, but if they are too large, important site-specific information 
can be lost when aggregating, losing information valuable to policy-makers. Handling many variables with zero 
data in the choice set may cause problems of maximum likelihood estimation and result in model non-
convergence.  
Fishers have prior knowledge of resource distribution and habitat (Hilborn and Ledbetter, 1979; Gillis et al., 1993; 
Pet-Soede et al., 2001), and scallops are relatively static molluscs, suggesting that in future years, any choice set 
will be subject to relatively little or no change. On the basis of this assumption, the predetermined area making up 
the choice set for this study was based on the 2005–2010 effort distribution of scallop dredgers plotted from the 
VMS records (Figure 22). The investigative plots displayed effort coverage over a large area within the small 
number of ICES statistical rectangles (as previously ICES rectangles were considered too large for spatial 
planning purposes with pixels too finite). Therefore a trade-off was necessary and the pixels were grouped (25 
pixels) into 8 subrectangles based on area (the 15' × 15' rectangles also used by Ifremer’s Channel Groundfish 
Survey, CGFS). These areas were georeferenced into 45 subrectangles, so determining the choice set (Figure 
23). 
 
Variable selection 
 
As with other economic/fisher behaviour studies, data on the costs of fishing trips are not always available 
because of the time and cost taken to collect such information, and the information is also likely to be confidential. 
Researchers therefore use a proxy of value per unit effort (vpue) rather than cost, which relates to the utility/net 
benefit of variations in stock density (Marchal et al., 2007; Vermard et al., 2008). Value per choice was calculated 
as a proportion of the total value (revenues from landings) per ICES rectangle based on effort derived from the 
VMS, and vpue was then computable. The average vpue by year and month and location choice was calculated 
for the fleet and lagged in two ways: lagged vpue for a particular month in year t = –m; lagged annual vpue in 
year t–1 = mt-1, i.e. taking account of strong or weak temporal and spatial fluctuations. Habit, knowledge and 
experience of fishing locations influence fisher behaviour (Begossi, 2001). The past percentage of a particular 
vessel's scallop trips to a fishing location as a percentage of the fleet total elsewhere was used as the 
habit/experience variable and to track the seasonal nature of the fishery, as in Holland and Sutinen (1999). These 
variables were lagged in the same method as explained above.  
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Figure 23. The eastern English Channel with ICES rectangles overlaid and the choice set represented by the 
hatching geo-referenced by ICES rectangle and the eight sub-rectangles within. 

 
Fishers are assumed to maximise their returns (Robinson and Pascoe, 1997), so depending on weather and 
other factors, they trade off travel costs against the quality of the fishing grounds. An increase in distance linearly 
relates to an increase in fuel costs and hence time and energy, so removes the potential for participating in other 
activities, e.g. fishing closer to shore or non-fishing activities (Daw, 2008). Therefore, in terms of accounting for 
the expected travel costs and the landing behaviour of the fleet, a proxy for cost was calculated based on the 
average fleet distance to landing port from VMS fishing locations, calculated using the Haversine formula 
(Sinnott, 1984), weighted by mean average fuel price, from fishing in the same location in the same month of the 
previous year fishing (i.e. lagged average costs) as a measure of perceived costs. Aberthany et al (2009) 
conducted a social survey of fishers in the south west of England and provided year to year evidence that fishers 
routinely keep track of fuel prices in order to forecast their potential earnings after deductions for other costs are 
subtracted e.g. crew share. Landing port was used because of the nomadic behaviour of this fleet; it was 
assumed that the fishers would have prior knowledge of seasonal market prices in the proximity of fishing 
locations. 
Aggregate activity enters the model as the average percentage coverage per choice by fishing year the previous 
month (to capture potential past activity as a nuisance to fishing operations), but because of inconsistencies 
between French commercial aggregate data expressed at a daily scale and English intensities at a monthly scale, 
daily scale records could not be used. The 6 mile limit (as a proxy for the English restricted zone for vessels over 
14m) and the 12-mile limit (as a proxy for the French internationally restricted zone) were treated as a spatial 
constraint (as above). One might assume that the greater the percentage coverage of a restriction, the greater 
the negative impact on site choice and that site preference would then be elsewhere due to activities that would 
be a nuisance to fishing. Maritime traffic information in the form of shipping densities from the AIS database was 
included as average hours occupied by marine traffic as a measure of ‘intensity’ the previous month in the year of 
fishing). It could be expected that in some instances high concentrations of shipping could hinder fishing activity 
and as such have a negative influence in determining site choice. Finally, as a proxy for congestion and social 
influencing effects by the inclusion of the average hours fished the previous month in the year of fishing by 
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English, French and other (unidentified fishers grouped) fishing vessels. These data were extracted from the AIS 
database and treated as separate entities from the maritime traffic. The variable selection set described above 
was merged with individual scallop trip data by year, month and choice, such that for every trip, the decision-
maker had a choice of the specified 45-subrectangles. If the choice was made, the score took a value of 1 if 
selected or 0 otherwise. The definitions of the variables are listed in Table 9. 

 

Table 9. Definition of variables used in the RUM to model fisher location choice for the 45 ICES sub-rectangles in 
the eastern English Channel as defined in Figure 23. 

Variable Definition 
effyr  
 
 

Percentage of trips to the location in the same month the previous year (taking account of 
trips by the scallop fleet fishing in other areas outside of the eastern English channel 

vpueyr 
 

Average vpue of scallop from fishing in the same location in the same month in the 
previous year. 

vpuem 
 

Average vpue of scallop from fishing in the same location the previous month in the actual 
year of fishing. 

effm 
 
 
traffic 
 
aggregate 
 
eng/fra/oth 
fleet 
cost 
 
mpa12fra 
mpa6eng 
 

Percentage of trips to the location in the previous month in actual year of fishing. (taking 
account of trips by the scallop fleet fishing in other areas outside of the eastern English 
channel). 
Average hours occupied by marine traffic as a measure of ‘intensity’ the previous month in 
the year of fishing. 
Average % coverage of area occupied by aggregate activity ‘intensity’ the previous month 
in actual year of fishing. 
Average hours occupied by fishing activity by English, French and other fleets identified in 
the AIS database the previous month in the year of fishing. 
Average distance to port of landing from the same location the previous year of fishing 
multiplied by the fuel price.  
Average % coverage of area occupied by French 12 mile limit.  
Average %coverage of area occupied by English 6mile limit. 
 

 
 
Results 
The results from the mixed model showed a McFadden’s pseudo-R2 of 0.19, suggesting a very good fit 
(McFadden, 1979). Theoretically, the range for McFadden’s pseudo-R2 is between 0 and 1, but the general rule of 
thumb is that any value from 0.2 to 0.4 suggests an excellent fit as shown in an earlier study by Domenech and 
Mcfadden (1975) in which they compared ordinary least squares (OLS) R2 of 0.7–0.9 with the above pseudo-R2 

range. Pseudo-R2 method differs from a traditional R2 where the parameter estimates were not calculated to 
minimise variance via (OLS) goodness of fit process, instead they are calculated via maximum likelihood iterative 
process and the low values between 0.2–0.4 are considered to be acceptable (McFadden, 1979). Observations 
from the parameter estimates showed some key features, in terms of significance and direction of the signs. 
Holland and Sutinen (1999) suggested that the direction of the sign of the coefficient in terms of profit or revenue 
is an indicator of average risk preference in terms of variability, suggesting as an example that if fish aggregations 
are not present at certain times of the year, fishers would not go to an area; as such there would be an increase 
in variability in profit or revenue and the coefficient would be negative. Conversely one may view a positive sign 
and a small coefficient of variation as showing that fishers are risk-averse and fish in locations of past success or 
experience. 
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The estimated coefficients from the mixed model on the 3019 observations available are presented in Table 2. All 
coefficients were statistically significant (p < 0.01) except the coefficient for the average vpue of scallop from 
fishing in the same location in the same month in the previous year (vpueyr_M, p > 0.1) and the proxy for 
congestion/social influence during the previous month in the actual year of fishing for the French fleet (frafleet_M, 
p < 0.1). The estimated standard deviations of the estimates were not significantly different from the mean 
indicating that the parameters do not vary in the population of fishers for past expected revenues (vpuem_S), 
average distance to port of landing from the same location the previous year of fishing weighted by the fuel price 
(cost_S), average percentage coverage of area occupied by marine traffic (traffic_S) and average hours occupied 
by fishing activity by English/other fishing vessels (engfleet_S/othfleet_S). Conversely, the percentage of trips to 
the location in the previous month in the actual year of fishing (effm_S), the average percentage coverage of area 
occupied by aggregate activity (aggregate_S) and the average percentage trips to the location in the same month 
the previous year (effyr_S) did vary, perhaps relating to variations in characteristics of the fishers not captured in 
the model. The signs of the standard deviations in some instances are negative, but for estimation purposes they 
are free to take any sign, because the normal distribution is symmetrical around its mean, and the absolute value 
can be taken to estimate the variance. 
 
The effort distribution maps in Figure 22 show the interactions of the scallop dredges with the traffic separation 
scheme (here represented by the TSS) and the aggregates and fisheries outside the English 6 and French 12-
mile limit. Coupled with the model outputs, these results display some notable features. In general the mean 
coefficients show the signs one would expect (Table 10). The negative sign on the coefficient for the English 6 
and 12 mile limit (mpa12fra_M/mpa6eng_M) show that English scallop fishers are negatively affected by the 
restrictions within these choices (Figure 22). The negative signs on the mean coefficients for aggregates 
(aggregate_M) and the traffic variables (traffic_M) imply that these sectors impede fishing operations. However, in 
every year of the study there was a large amount of fishing effort in these areas, even more so in 2010 within the 
TSS. Perhaps that result is a trade-off in terms of larger expected revenues in these areas. Expected revenues 
(vpuem_M) show positive signs, which clearly demonstrates that revenue has a significant influence on the 
tactics of fishers. Nevertheless vpueyr_M was insignificant, which strongly reinforces the in year behaviour as the 
key driver. In contrast, the cost proxy (cost_M) was found to be negative as expected. Past effort variables 
(effm_M and effyr_M), which were included to depict habit or knowledge of past success of fishing grounds, have 
positive coefficients, suggesting they are important drivers in determining fisher location choice. 

 

Table 10. Estimated parameter estimates, the dependent variable took a value of 1 if a choice was made or 0 
otherwise (“_M” and “_S” refer to the mean and standard deviation of the variable it relates to, respectively. 

   Standard  
Parameter d.f Estimate Error  

traffic_m 1 -0.1589 0.0299 *** 
traffic_s 1 0.0257 0.3244  
vpueyr_m 1 0.0109 0.0231  
vpueyr_s 1 0.1677 0.0715 ** 
vpuem_m 1 0.1317 0.0218 *** 
vpuem_s 1 0.0708 0.1289  
effyr_m 1 0.1479 0.0429 *** 
effyr_s 1 0.8723 0.0985 *** 
cost_m 1 -0.2184 0.0421 *** 
cost_s 1 -0.0105 0.4042  
effm_m 1 0.9894 0.0432 *** 
effm_s 1 0.8238 0.0786 *** 
aggregate_m 1 -0.0955 0.0156 *** 
aggregate_s 1 -0.3503 0.0513 *** 
mpa6eng # 1 -0.3133 0.0863 *** 
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mpa12fra # 1 -0.2206 0.1097 ** 
engfleet_m 1 0.0364 0.006452 *** 
engfleet_s 1 -0.005047 0.0443  
frafleet_m 1 -0.004345 0.009317  
frafleet_s 1 -0.0412 0.0406  
othfleet_m 1 0.0214 0.006978 *** 
othfleet_s 1 -0.009928 0.0562  

 

* Statistical significance at *, 10% level, **, 5% level, and ***, 1% level. 
 
Parameters marked _M are the lognormal mean coefficients and _S are their between-population standard 
deviations. Note: The coefficients for these variables (marked #) are assumed to be fixed as this variable allows 
for the fact that the probability of visiting a larger less restricted choice is higher than that for a smaller more 
restricted choice, or else equal (having this variable vary over fishers would not be meaningful) (Train, 1997). 
To test the sensitivity to different variables, the mean choice probabilities were calculated from the model output 
and then compared with mean choice probabilities after re-running the model under alternative scenarios where 
each variable was doubled/halved one at a time. The differences in probability of location choice, under each of 
these scenarios, show that the magnitude of the effect on location choice (Figure 24) and how sensitive the 
variables are to changes i.e. how the variables that penalise fishing operations (e.g. aggregate extraction, marine 
traffic, and fuel costs) affect fishers, in contrast to expected revenue which should encourage fishing operations.   
 
In terms of aggregate extraction, fishers responded to a decrease in % area covered which most noticeably 
resulted in a difference in probability of +0.012, in a close to shore associated with aggregate extraction, 30E9G, 
there were small noticeable increases in 30E9F and 29F0C. Doubling the effect, increasing the size of the site 
resulted in fishers moving out of the areas of aggregate extraction, notably to 30E9G, 30E9F and 29F0C with a 
change of probability of –0.018, –0.012 and –respectively. Nevertheless there was an increase in probability into 
29F0B, a sub-rectangle which contains aggregate activity which. These observations would suggest that sites 
that contain aggregate activity heavily influence fisher decision making possibly due to having knowledge of the 
habitat that scallops live in, coupled with past experience at the more off shore site 29F0B which in recent years 
are shown to contain the most fishing effort (Figure 22). It would also appear that most of the main scallop 
grounds are in marine traffic areas (TSS/Traffic densities; Figure 22) and therefore one would expect that with a 
decrease in traffic intensity there would be less competition for space and fishers would move into these areas.  
 
Maritime traffic, however, surprisingly showed relatively little small effects, doubling the coefficient of maritime 
traffic intensity resulted in fishing effort being displaced out of the area of the traffic lanes, essentially spreading 
out, whereas halving the coefficient led to an increase in predicted effort into the areas of the traffic lanes, most 
notably 29F0A, 29F0B and 29F0C. However, expected fuel cost did not show large significant differences in 
probabilities of site choice when increased or decreased. Figure 24 suggests that with a halving or doubling of the 
fuel price fishers change their behaviour, i.e. when fuel prices are halved fishers move closer in shore to the 
English ports to maximise their utility, in contrast when they are doubled fishers move to areas offshore where the 
concentration of fishers and expected revenue is at its highest (e.g. areas, 29F0B, 29F0C and 29F0D) or nearer 
to French landing ports, resulting in a trade-off with expected costs and expected revenue (net benefits). 
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Figure 24. Changes in probabilities when halving or doubling the effects of each variable in contrast to the 
benchmark model. 

 
 
Discussion 
It is widely recognised that decision-makers and managers now require an ecosystem-based approach to 
address current interlinked problems social well-being (FAO, 2003). Since the Earth Summit in Rio de Janeiro in 
1992 there have been pressures from environmental organisations, increased public and political interest and a 
concurrent implementation of directives and policies to improve management of human activities on a regional 
basis by different stakeholders. Marine Spatial Planning (MSP) requires the balancing of multiple objectives, e.g. 
fisheries managers need to understand the implications of effort displacement from closing an area and the 
unforeseen consequences of their management actions (e.g. effects on other marine life, economic implications 
and effects on other maritime sectors). 
 
Several authors have stressed the importance of anticipating fisher behaviour in response to management 
regulation, in order to reduce implementation error (Dugan and Davis, 1993; Allison et al., 1998; Fulton et al., 
2011). Here, a mixed RUM was applied at fine-scale resolution to assess the key determinants of scallop fisher 
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behaviour in the eastern English Channel, so that if there is a new regulation or activity, emerging pressures as 
well as potential hazards were present, fishing effort re-allocation could potentially be predicted.  
 
A key finding was that past success in a location within the previous month was a predictor of continued fishing in 
that location. I interpret this as a proxy for habit, knowledge or experience as in other studies (Holland and 
Sutinen, 1999; Salas and Gaertner, 2004; Andersen and Christensen, 2006). Similarly, the expected utility of 
visiting one fishing site rather than another in terms of marginal revenue, expressed as vpue, was as significant 
as expected (Ran et al., 2011). This is more apparent for the vpue in the previous month, rather than in the same 
month the year before, potentially capturing either seasonality or relatively short term temporal correlations in 
stock abundance (see Table 10). Surprisingly, perceived fuel costs were not a major driver in choice of fishing 
grounds, possibly because of the proximity of grounds to landing ports in the eastern English Channel. The 
French12-mile limit (international restriction/MPA) and English 6 mile limit (inshore vessels <14m/ MPA) 
unsurprisingly had negative influences on fisher site choice, possibly because of productive fishing grounds 
adjacent to these limits which are restricted for this size of fishing vessel and/or due to international restrictions. 
Nevertheless competition from the national fleet could become an issue if the fleet was squeezed into a small 
enough space, for example by spatial closures. Of policy importance are the effects of the commercial marine 
environment and associated maritime activities on the behaviour of the scallop fleet; if these are better 
understood then the additions of other sectors or the addition of other potential aggregate site plans and their 
implications to this fleet can be assessed in terms of potential effort re-allocation.  
 
In terms of average risk preferences in determining site choice, this fleet is generally risk adverse as the mean of 
the coefficients does not generally differ from 0, meaning that the choices fishers make generally balance out in 
the population of fishers. However, by assessing the coefficients that do vary e.g. effm, effyr and aggregates, we 
are able to assess what proportion of the population of fishers see these factors as positive or negative when 
making decisions about site choice. Taking together the result of the significant (p < 0.05) standard deviation (e.g. 
effm_S) and mean of the coefficients (e.g. effm_M) for past success in a location within the previous month we 
can deduce that 88% of the population of fishers see this as a positive inducement and a negative inducement for 
the other 12%. Similarly past effort in the same month the year previous (effyr) imply that 58% of fishers see this 
as a positive factor determining their decision making.  
 
The areas occupied by aggregate extraction sites are chosen more than expected with about 40% preferring 
fishing in these areas, in contrast to the other 60% seeing it as a negative influence, confirming the assumption 
that the aggregate industry does impact scallop fishing, which takes place in large areas where aggregate 
licences have been granted since 2005 (Vanstaen et al., 2007). This is contrary to Desprez and Lafite's (2012) 
findings for sole, which suggests that aggregate extraction can have a positive effect on the catchability of sole by 
beam trawlers and hence on profitability. Perhaps, increased turbidity increases sole catchability (by reducing 
visual cues for escape and/or fish being disturbed from the seabed) or the dispersal of food into the water column 
encourages sole to move away from the bottom to feed.  
 
The existence of the TSS in one of the busiest shipping lanes in the world is a management attempt to alleviate 
maritime accidents which can also impede fishing. The output from the model suggests that the presence of a 
TSS significantly reduces the probability of a fisher choosing a location, suggesting that the policy is having the 
desired effect of separating fishing from other activities, though at the cost of reduced ability to choose areas of 
potential high profitability. Nowadays, policy makers require information on predictions of potential shares of each 
alternative chosen by the fishers, and the analysis shows that changing a particular preference parameter it is 
possible to calculate choice probabilities under alternative policies. For example, an increase in aggregate activity 
and the likely choices of fishers in response to this, or an increase in traffic densities and the likely effects of effort 
displacement would have a high chance of displacing effort to local inshore waters (Figure 24). The results from 
the sensitivity analysis (Figure 24) show that the fleet trades off higher fuel cost by going further off shore with the 
expectation of the reward of higher returns, and when costs are lower they fish more inshore.   
 
As mentioned above, the fleet is affected by maritime traffic densities; fishing further inshore under increased 
traffic and surprisingly ‘spreading out’ of the way of any potential dangers. This may be because the majority of 
the traffic lanes are home to the main scallop fishing grounds and the specific location they relocate to 
inshore/offshore have the next best expected catch rates and lower costs in terms of distances to landing ports. 
This is also apparent for the competition with the aggregate sites, which are located in the heart of scallop fishing 
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grounds. Any reduction of the space taken up by aggregate extraction, especially inshore, shows an increase in 
effort allocation to those locations. An important point from Figure 24 is that if one of the parameters that 
disadvantages fishers (e.g. increasing the traffic densities – doubling the effect) is altered, then effectively the 
competition for space increases and the fishery spreads out, and as such fishers ‘fish for space’. This could mean 
that a reduction in the total space occupied by the vessels could be interpreted as a direct measure of 
competition within the fleet as well as a response to other sectors. Further investigation would be necessary to 
prove or disprove this theory, along with the inclusion of other international fishing fleets. Overall, the model 
describes the nomadic behaviour of the fleet, i.e. in-year behaviour with respect to habit, expected revenue, 
proximity to landing ports and competition from other maritime sectors. 
 
Conclusions and future work 
 
The Eastern English Channel is a shared resource and there is increasing competition for space and new 
challenges for novel management approaches by understanding all or some of the interactions between sectors. 
In parallel to this work, progress is being made on several dynamic processes (e.g. larvae distribution, 
consequences of aggregate extraction on benthic communities and fishing interactions) that will be implemented 
into a bio–economic mixed fishery model and a complex ecosystem holistic model using the ATLANTIS 
(http://www.csiro.au/en/Organisation-Structure/Divisions/Marine--Atmospheric-Research/Atlantis-ecosystem-
model.aspx) framework  Different management strategies can be performed and their outcomes assessed. 
 
To my knowledge, no other study has used a mixed RUM at fine resolution to assess key determinants of human 
behaviour in relation to different maritime sectors and as a possible tool for MSP. The results are promising and 
lay the foundations for future work which could include Marine Conservation Zones (MCZs). Final decisions on 
where MCZs will be enforced in the English Channel are still a work in progress, so it was not appropriate here to 
incorporate simulated closure and effort displacement evaluated using Equation (2). Nevertheless, the principle 
outlined and the approach taken could already be applied to other fleets, as RUMs offer the capacity to model 
individual behaviour at fine spatial and temporal scales, which is needed for policy decisions (Smith, 2002). 
Further work could include evaluating trade-offs with both socio-economic and conservation objectives using 
efficient and effective spatial planning tools such as Marxan and MinPatch, as performed in a study by Wallace 
(2012) whereby cost layers were introduced in order to evaluate trade-offs. However, Wallace (2012) did not 
incorporate fisher behaviour and the author stresses the importance to include this in any future analysis. 
Nevertheless, before such use for policy, the predictive ability of these models does need to be evaluated using a 
form of cross-validation (see Tidd et al., 2012). 
 
 

1.2.3 Eastern	 Channel:	 Spatial	 effort	 allocation	 of	 Dutch	 vessels	 interacting	
with	 other	 fleets,	 aggregate	 extractions,	 maritime	 traffic	 and	 coastal	
management	

 
Section Authors 
Poos, J.-J. (IMARES), Tidd, A.N. (CEFAS), and Hamon, K.G. (LEI-DLO) 
 
Section Abstract 
The RUM structure developed in Section 1.2.2. was also used to evaluate the interactions of fishing effort 
allocation and shipping for the Dutch demersal fleet fishing in the English Channel, the analyses done for the 
French and UK fleets was also done for Dutch seiners operating in the Eastern Channel. The parameters 
associated with the gross revenue all had positive parameter estimates for the means, as is expected from fishers 
seeking to maximise net revenues. The parameters associated with costs are also positive, which is striking, 
given that one would expect a cost minimization. The positive estimates could be caused by the trips to Dutch 
harbours that are in the data set. The closed area parameters are both negative, reflecting the fact that fishing is 
not allowed in these areas. The parameters associated with the shipping lanes had negative estimates, as in the 
French and English case, but these estimates did not differ significantly from zero. 
 
Introduction 
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In Section 1.2.2, an extensive study was done on the spatial effort allocation on French and UK fleets in the 
English Channel, using Random Utility Models (RUMs). The focus of that analysis was to evaluate the 
interactions of fishing effort allocation and shipping. Given that there is a Dutch demersal fleet fishing in the 
English Channel, the analyses done for the French and UK fleets was also done for the Dutch fleets.    
 
Methods 
 
We used information on the Dutch fleet fishing in the Channel  from the period 2002-2010 for these analyses. The 
size of the Dutch “fishing fleet” in the Eastern Channel can be defined by counting all vessels with at least one 
registered fishing operation in the given year. In 2010 the Dutch fleet consisted of 31 vessels. All Dutch vessels 
are at least 24 meters long. Total effort of the Dutch fleet in 2010, is smaller than the French effort in the Eastern 
Channel. However, although the effort is smaller compared to the French effort, it has increased over the last 10 
years. 
In the analyses we focused on the demersal fleet. This fleet mainly uses Scottish seines. This fleet targets mainly 
species for which there are no European quota, such as red mullet, gurnard spp., squid and bib. In addition, 
whiting is caught, which is managed by means of quota set at a European level. 
 
We used three different mixed multinomial logit models, similar to the English and French case study. These 
models describe the choice of fishing ground as a response to a number of variables, equal to the English and 
French case study. The difference between the three models is the set of explanatory variables. In model A, we 
used a set of explanatory models that include the revenue from gurnards (one of the main target species), and 
the costs (related to the distance from port). Model B is equal to model A, but the costs are removed from the 
explanatory. Model C is equal to model A, but instead of the revenue from gurnards, we use the revenue from 
gurnards, red mullet, bib, and whiting. 
 
Results and Discussion 
 
All models significantly explained the observed variance in choices. Table 11 gives the goodness of fit values for 
model A. The parameter estimates for the three models were fairly similar, especially for the means. The 
parameters associated with the gross revenue all had positive parameter estimates for the means, as is expected 
from fishers seeking to maximise net revenues. The parameters associated with costs are also positive, which is 
striking, given that one would expect a cost minimization. The positive estimates could be caused by the trips to 
Dutch harbours that are in the data set. The closed area parameters are both negative, reflecting the fact that 
fishing is not allowed in these areas. The parameters associated with the shipping lanes had negative estimates, 
as in the French and English case, but these estimates did not differ significantly from zero. This could be caused 
by the limited set of observations for the Dutch fleet (2008-2010 for a small fleet of vessels). 
  

Table 11. Goodness of Fit values for model A. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Measure Value Formula 
Likelihood Ratio (R) 3547.5 2 * (LogL - LogL0) 
Upper Bound of R (U) 28614 - 2 * LogL0 
Aldrich-Nelson 0.5122 R / (R+N) 
Cragg-Uhler 1 0.65 1 - exp(-R/N) 
Cragg-Uhler 2 0.6502 (1-exp(-R/N)) / (1-exp(-U/N)) 
Estrella 0.674 1 - (1-R/U)^(U/N) 
Adjusted Estrella 0.6718 1 - ((LogL-K)/LogL0)^(-2/N*LogL0) 
McFadden's LRI 0.124 R / U 
Veall-Zimmermann 0.5726 (R * (U+N)) / (U * (R+N)) 
N = # of observations, K = # of regressors 
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Table 12. Parameter estimates from the three models 

 
 
 

1.2.4 Dogger	 Bank	 &	 German	 Bight:	 Spatial	 effort	 allocation	 of	 Dutch	 fleets	
interacting	with	other	fleets	

 
The following study is due to be published as a paper with the following reference: 
Hamon, K.G., Girardin, R., and Poos, J.-J. Spatial effort allocation of Dutch fleets interacting with other fleets. 
 
Section Abstract 
The RUM developed in Section 1.2.1 was also applied to the Dutch beam trawl fleet (2008-2010). The Dutch 
fleets’ activity was well captured by the model including only biological and economic drivers. Predictions were 
accurate and followed the seasonal patterns well. To predict the long term changes in fishing activity additional 
factors, such as the competition for space with other marine users, should be included and changes in fish 
distribution should be linked to the current model. 
 
Introduction 
The method developed by Girardin et al (1.2.1) was applied to the Dutch beam trawl fleet (2008-2010). 
 
Material and methods 
The beam trawlers were separated in four fleets according to the vessel size. The four fleets are described in 
Table 13. 
 
 
 
 
 
 

                    Model A  Model B Model C 
Parameter DF Estimate SE Approx  Estimate SE Approx  Estimate SE Approx 
lnlavg_vpue_M 1         0.073 0.023 0.002 
lnlavg_vpue_S 1         0.001 0.671 0.999 
lnlavg_vpueguu_M 1 0.071 0.024 0.003  0.087 0.023 <.001     
lnlavg_vpueguu_S 1 -0.353 0.044 <.001  -0.377 0.042 <.001     
lnlag_effyr_M 1 0.392 0.037 <.001  0.382 0.034 <.001  0.399 0.037 <.001 
lnlag_effyr_S 1 -0.460 0.104 <.001  0.001 0.805 0.999  -0.487 0.094 <.001 
lncost_M 1 0.198 0.040 <.001      0.199 0.038 <.001 
lncost_S 1 0.016 0.692 0.981      0.005 0.815 0.995 
lnlag_effmth_M 1 0.600 0.033 <.001  0.598 0.034 <.001  0.594 0.033 <.001 
lnlag_effmth_S 1 0.757 0.056 <.001  0.7966 0.055 <.001  0.748 0.056 <.001 
MPA_IV_UK6 1 -0.638 0.089 <.001  -0.797 0.088 <.001  -0.659 0.089 <.001 
MPA_IV_FR12 1 -0.753 0.075 <.001  -0.875 0.072 <.001  -0.702 0.075 <.001 
lnoth_M 1 0.098 0.013 <.001  0.098 0.012 <.001  0.096 0.012 <.001 
lnoth_S 1 -0.059 0.036 0.095  0.058 0.036 0.100  -0.052 0.039 0.186 
lnfra_M 1 0.046 0.007 <.001  0.041 0.007 <.001  0.047 0.007 <.001 
lnfra_S 1 -0.003 0.085 0.976  -0.002 0.114 0.988  -0.001 0.089 0.996 
lneng_M 1 0.028 0.006 <.001  0.029 0.006 <.001  0.029 0.006 <.001 
lneng_S 1 0.062 0.022 0.004  -0.071 0.020 <.001  0.059 0.022 0.007 
lnsoa_tra_M 1 -0.027 0.020 0.176  -0.030 0.018 0.098  -0.020 0.019 0.290 
lnsoa_tra_S 1 0.052 0.133 0.694  0.0285 0.162 0.860  -0.047 0.139 0.734 
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Table 13. Dutch beam trawler fleet included in the study with number of vessels. 

Fleet Fleet code Number of vessels 

12-18m beam trawlers FL03 5 

18-24m beam trawlers FL04 248 

24-40m beam trawlers FL05 57 

>40m beam trawlers FL06 107 

 

The activity of those four fleets was characterized by i) the fishing activity codes4 defined at the EU level as the 
combination of the gear and the targeted species and ii) the fishing area (taken here as the ICES rectangles). 
Only 2 main fishing activities were identified based on gear and targeted species: beam trawl targeting 
crustaceans (NOS21) and beam trawls targeting demersal fish (NOS22), other activity is characterized as 
NOSZZ. The fleets operate the 3 activities in different areas, the number of areas where activity has been 
observed is shown on  

Table 14. The total number of métiers (activity x area) is shown for each fleet. 

 

Table 14. Number of areas in which each activity is operated (based on 2008-2009 data) 

Targeted species  FL03 
12-18m 

FL04 
18-24m 

FL05 
24-40m 

FL06 
>40m 

Crustaceans NOS21 14 21 15  
Demersal fish NOS22 3 31 35 51 

Other NOSZZ 3 22 23 15 

all  20 74 73 66 

 
 
 
The method applied consists of understanding the choice of metier for each fleet/vessel per month. A number of 
drivers have been selected a priori to explain individual choices (see table 3). They include  

 attractiveness of the metier for the fleet (captured by a constant); 
 value per unit of effort (VPUE) of the metier the previous month and the same month the previous year; 
  effort of other fleets in the area for the month (other Dutch fleet, German fleets, Danish fleets and 

English fleets); 
 the effort of the vessel in the metier the previous month and the same month the previous year; 
  and the importance of key species in the catch composition (key species include shrimps, sole, plaice, 

cod, brill, flounder, dab and turbot).  
Other activities such as transport and wind farms were tentatively included but the low extent of these activities 
compared to the size of the area (North Sea) created singularity issues. 
  

                                                           
4 DCF - Annex III of Council Regulation (EC) No 199/2000 



D2.3.1 M

D2.3.1     
 

 

Table 15 

  
Constant 
VPUE m-
VPUE m-
Effort oth
Effort DE 
Effort DK 
Effort EN 
Effort m-1
Effort m-1
% CPUE 
% CPUE 
% CPUE 
% CPUE 
% CPUE 
% CPUE 
% CPUE 
% CPUE 
% CPUE 
 
The param
year) wer
 
Results a
 
The mont
options F
choices a
the larger
 

echanisms of 

                      

 Factors includ

 per choice 
-1 
-12 
er NL 
 
 
 
1 
12 
 CSH 
 SOL 
 PLE 
 COD 
 BLL 
 FLE 
 DAB 
 TUR 
 other 

meters calcula
re used with th

and Discussi

thly prediction
Figure 25, the p
as well as the 
r beam trawler

FL03 

 change in hu

                      

ded in the mod

12-18 18-24
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
 X 
X X 
 X 
X X 
X X 
 X 
X X 

ated on the 20
he 2010 data t

on 

ns fitted the ob
predictions for
seasonality ar
rs (FL06).  

man behaviou

                      

del for each fle

4 24-40 >
X X
X X
X X
X X
X X
X X
X X
X X
X X
X  
X X
X X
X X
X X
X X
X X
X X
X X

009 data (and 
to predict the 

bservations we
r the four mos
re well capture

FL04 

ur 

     71             

eet 

40 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

 2008 for the e
choice of the 

ell despite the 
st frequent obs
ed with the mo

                       

effort and VPU
fleets in 2010

 large number
served metier 
odel except fo

FL05 

                     V

UE of the sam
. 

r of choices (a
 for each fleet)

or the choices 

VECTORS 

me month, prev

as shown on a
t). The intensit
 made in Nove

FL06 

vious 

a subset of 
ty of the 
ember by 



D2.3.1 M

D2.3.1     
 

Figure 25
lines corr
highest p
probabilit
prediction

 
The signi
the effort
means th
this seas
(EFF_MO
from one 
unit of eff
month for
increased
 
The pres
(EFF_OT
that those
is also po
is where 
(resp. EF
German B
(FL05) at 

echanisms of 

                      

5. Monthly pre
respond to the
probability, th
ies of the m
ns. 

ficant factors 
t the same m
hat all the flee
sonal pattern

ONTH_1) for t
 month to the 
fort (VPUE) in
r fleets FL04 
d liklehood of t

sence of oth
TH_MONTH) s
e vessels shar
ositively correl
most commo

FF_UK and EF
Bight is detail
 the North Sea

 change in hu

                      

edictions of fis
e observed va
e green area
etiers to be 

for the predic
month the prev

ts have a sea
n is also ma
the three flee
 next. While e

n the metier (V
and FL05. Th
the choice bei

her fleets im
showed a sign
re fishing grou
ated to effort f
n grounds for
FF_DK) is neg
ed but the En
a level. 

man behaviou

                      

shing activity 
alues in 2010,
as correspond
chosen) and 

ction of the cho
vious year (E
asonal pattern
arked with th

ets 12-18m, 1
effort in the pre
VPUE_MONT
he VPUE in th
ing chosen for

pacted the f
nificant positiv
unds at the IC
for the four fle
r Dutch and G
gatively correl
nglish fleet is 

ur 

     72             

 for the four m
, the red lines
d to 50 rand
 the green d

oice of the fis
FF_MONTH_

n that is repea
he negative 
8-24m and 2
evious month

TH_1) increase
he metier the 
r FL04 and FL

four fleets d
ve coefficient f
CES rectangle 
eets and more
German fleets
lated to the p
positively corr

                       

most frequent
s correspond t
dom iterations
ashed lines c

shing metiers a
_12) is the fac
ated from year

coefficients 
4-40m, mean
 is not a posit
es the chance
 year before 
L06. 

ifferently. Th
for all fleets w
 level. The pre

e so when only
s are). The pr
resence of the
related with th

                     V

 trips observe
to the predicti
s (drawing the
correspond to

are shown in 
ctor with the 
r to year (at le
of the effort
ing that those
tive factor of c
e of the metier
(VPUE_MONT

e presence 
with vessels lar
esence of Ger
y the German 
esence of En
e larger beam
he fleets 18-24

VECTORS 

ed for each fl
ion choosing 
e predictions
o the median

Figure 26. Fo
highest coeffi

east in 2008 a
rt the previo
e fleets chang
choice, a high
r being chose
TH_12) also l

of other Du
rger than 18m
rman vessels 
 Bight is detai

nglish and Dan
m trawlers (FL
24m (FL04) an

eet. Black 
the metier 
 from the 

n of those 

or all fleets 
icient, this 
and 2009), 
us month 
ge activity 
 value per 
n the next 
lead to an 

tch fleets 
m meaning 
(EFF_DE) 
led (which 
nish fleets 
06) if only 

nd 24-40m 



D2.3.1 M

D2.3.1     
 

Figure 26
bars are 
area) and

 
The spec
expected
(POURC_
POURC_
(POURC_
cod. The 
to avoid a
Discussio
 
Random 
fishing gr
areas or w
compositi
tested fo
(FL05) an
 
Different 
seasonali
double ac
trawlers (
The impo
fleets FL0
trawlers (
of the spe
flounder a
 

echanisms of 

                      

6. Significant f
the coefficien

d the orange b

cies compositi
, the fleets
_CPUE_CSH_

_CPUE_FLE_1
_CPUE_DAB_
 largest trawle
areas with larg
on 

utility models 
rounds. Unfort
wind farms co
ion of the catc
r four Dutch 
nd over 40m (

factors prove
ity patterns (c
ctivity of some
(FL06) do not 
ortance of the 
04, FL05 and 
(FL06) and the
ecies, which re
and because t

 change in hu

                      

factors and the
t using the ch

bars are for the

on of the catc
s FL03, F
_1) and fo
1). The sma
_1) while the f

ers (FL06) are 
ge amount of f

 (RUM) can b
tunately, area
ould not be inc
ch, previous e
beam trawler
FL06). 

ed important 
hange of activ

e vessels in th
catch shrimps
different targe
 FL06 and in 
e proportion o
epresent only 
the quota is lo

man behaviou

                      

eir coefficient 
hoices only in 
e model with t

ch is also an i
L04 and F

or some fla
all vessels 
fleets FL04 an
 driven mainly
flounder and t

be used to ide
 closures due

cluded in this e
experience of 
r fleets with v

for the four 
vity from one m
hose fleets wh
s and do not d
et species in t
a lesser exte

of flounder an
 a small share

ow for turbot). 

ur 

     73             

 values predic
 the German 
the all North S

important fact
FL05 have 
atfish (sole 
(FL03) have
nd FL05 fish m
y by flatfish (so
turbot. 

entify importan
e to other activ
exercise beca
 the activity a
vessel sizes b

 fleets, the fl
month to the n
o fish crustac

display such a
he landings s
nd also to FL
d turbot in the

e of the fleet’s 
 

                       

cting the fishin
Bight (rest of 

Sea (as the res

tor for the cho
significant 
– POURC

 also a str
more in areas 
ole, plaice, oth

nt factors guid
vities such as
ause it led to s
nd presence o

between 12-1

leets FL03, F
next) that are 
ceans (here sh
 pattern of cha
hows expecte
03. The nega
e landings cou
 landings (bec

                     V

g choices of t
 the North sea
sults shown ab

oice of metier 
positive coe

C_CPUE_SOL_
rong positive
 with a lot of p
her flatfish) an

ding the choic
 maritime traff

singularity in th
of other fleets
8m (FL03), 1

FL04 and FL
consistent wit

hrimps) and de
ange of activit

ed results, flatf
ative relationsh
uld come from
cause it is not 

VECTORS 

the four fleets
a is aggregat
bove). 

 and fishing g
efficients fo

L_1 and flo
e coefficient 
plaice, other f
nd by cod whil

ce of fishing a
ffic, nature con
he system. Th
s could be inc
8-24m (FL04

L05 presented
th the knowled
emersal fish. T
ty from month
fish are impor
hips between 

m the spatial d
 targeted for th

 

. The grey 
ed as one 

ground. As 
r shrimp 

ounder – 
for DAB 

latfish and 
e the tend 

ctivity and 
nservation 
he species 
cluded and 
4), 24-40m 

d stronger 
dge  of the 
The larger 
 to month. 

rtant to the 
 the larger 
distribution 
he case of 



D2.3.1 M

D2.3.1     
 

The fleets
accurate 
large bea
paramete
this is de
would be
fishers. 
 
To predic
marine us
 

1.3 O

 

 
The follow
Marchal, 
congeste
 
Abstract 
The effec
were inve
Channel. 
sites wer
greater in
intensity w
the study 
impacted 
remaining
a local an
history ch
would be 
 
Introduct
 
Human u
and inter
renewabl
ecosystem
managem
and the p
 
Until rece
because 
competitio
more coll
countries 
new philo
European
Commiss
MSFD inc
the marin

echanisms of 

                      

s’ activity is w
and follow the

am trawlers co
ers (2009) and
pendent on w

e possible to 

ct the long term
sers should be

Other	spat

 Do	1.3.1
Eastern

wing study is d
P., Desprez, 
d sea? Manus

 
cts of aggrega
estigated for a
 The most pro
re not deterre
n the vicinity 
with a lag of 0
 period. Howe
 area of the 
g almost cons
nd temporary c
haracteristics 
 detrimental to

tion 

se of maritime
racting, includ
e and non-ren
ms is primarily

ment framewo
pressures they

ently, marine r
of diverse ma
on for marine
aborative, inte
 worldwide to
osophies suc
n Union (EU)
sion (EC) has
cludes a cross
ne environme

 change in hu

                      

well captured b
e seasonal pa
ould be due to
d the predicted
weather condit
include a tim

m changes in 
e included and

tial	and	st

aggregate
n	Channel

due to be pub
M., Vermard, 
script in prepa

ate extraction i
a broad selec
ominent result
ed by dredgin

of marine ag
0 to 6 months
ever, it is impo
Dieppe site (

stant in the inte
concentration 
of these spec
o them and to 

e domains is 
ding impacts 
newable ener
y managing pe

orks is to antic
y may exert on

resources in m
aritime uses a

e space and t
egrated appro
o develop mar
ch as marine 
) is committe

s implemented
s-sectorial fram
nt by 2020 in

man behaviou

                      

by the model 
atterns well (F
o a change in 
d year (2010).
tions, particula
e series of w

 fishing activity
d changes in f

tatistical	

e	 extractio
?	

lished as a pa
Y., and Tidd, 

aration. 

ntensity and t
tion of French
 was that the 
g activities. In

ggregates site
.  The distribu

ortant to note t
(where it is c
ermediate and
 of their main 

cies to aggrega
 their related f

increasing and
from the exp

rgy production
eople and the
cipate some o
n the marine e

most countries
and stressors
he cumulative
ach to manag
rine managem
 spatial plann
ed towards e
d the Marine 
mework for co

n the context 

ur 

     74             

 including only
Figure 25). The
 weather cond
 The large tra
arly in autumn

weather condit

y additional fa
fish distributio

approach

ons	 adver

aper with the f
 A. How do fis

the proximity t
h and English
 majority of fle
n contrast, th

es than elsew
ution of fishing
that the fishing
correlated to d
d reference ar
target species
ate extraction
fisheries in the

d diversifying
ploitation of l
n, in a context
eir activities (Le
of the pattern

ecosystems th

s worldwide we
s and their sp
e impact of h
gement across
ment policies 
ning (MSP) a
ecosystem-ba
 Strategy Fra
ommunity acti
of sustainabl

                       

y biological an
e poor estima
ditions in autu
awlers can fish
n when storms
tions to test if

actors such as
n should be lin

hes	

rsely	 affec

ollowing refere
shing fleets int

to dredging sit
h demersal fle
eets fishing in 
e fishing effo

where, and als
g effort of Fren
g effort of nett
dredging inten
reas. The attr
s. However, k

ns suggests th
e longer term. 

. The present 
iving and min
t of changing 
eslie and McL

ns underlying 
ey exploit. 

ere managed 
atial distributi
uman activitie

s the different 
aimed at ma
and ecosyste
sed managem

amework Dire
on to achieve
e developmen

                     V

nd economic 
tion of the No
mn for the ye

h further offsho
s occur regula
f weather infl

s the competit
nked to the cu

ct	 fishing	

ence: 
teract with agg

tes on the dist
eets operating

the proximity 
ort of dredgers
so positively c
nch netters re
ers has increa
nsity with a la
action of fishin
nowledge of th
at over-exten
 

 and historica
neral resource
environmenta

Leod 2007), so
human behav

on a mono-se
ons, it is evid

es on marine 
sectors of act
naging human

em-based ma
ment, and as
ctive (MSFD; 
 good environ
nt (EC 2008),

VECTORS 

drivers. Predi
ovember choic
ear used to es
ore than other
arly in the No
uences the d

tion for space 
urrent model. 

activities	

gregate extra

tribution of fis
g in the Easte
 of aggregate 
s and potters
correlated to 

emained consi
ased substant
ag of 6 mont
ng fleets is lik
he vulnerabilit
ding the licen

l pressures ar
es, maritime 
al conditions. 
o a key issue 
viour, their int

ectorial basis.
dent that the 
 ecosystems 
tivity. This has
n activities by

anagement (E
s such, the 
 EC 2007, 2

nmental status
, with MSP p

ictions are 
ces for the 
stimate the 
r fleets but 
rth Sea. It 

decision of 

 with other 

in	 the	

ctions in a 

shing effort 
rn English 
 extraction 
s could be 

extraction 
stent over 

tially in the 
ths), while 
kely due to 
ty and life-

nsed areas 

re multiple 
transport, 
Managing 
for marine 
teractions, 

 However, 
increasing 
requires a 
s led many 
y adopting 

EBM). The 
European 
008). The 
s (GES) of 
roviding a 



D2.3.1 Mechanisms of change in human behaviour 

D2.3.1                                                                         75                                                       VECTORS 
 

spatially-explicit management instrument to both enforce ecosystem conservation and alleviate competition for 
space and resources between sectors of activity. 
 
Marine scientists from various backgrounds have increasingly been requested to provide integrated advice (i.e. 
integrating several elements of the ecosystem and several types of human activities) to inform the MSFD and 
MSP. Providing integrated ecosystem-based advice requires overcoming several research challenges. One of the 
important challenges for research scientists is to understand the spatial interactions between human activities 
from different sectors, and to anticipate how human activities could be redirected given various scenarios of 
spatial management, including any ‘knock on’ affects to the ecosystem. Of particular importance is the issue of 
how fishers would react (e.g. through a redistribution of fishing effort or by changing métier), if access to 
traditional fishing grounds was restricted by either management (e.g. Marine Protected Area – MPA) or by spatial 
competition following the introduction or installation of new sectors of activity. 
 
This study focuses on the Eastern English Channel (henceforth called Eastern Channel) which has, for a long 
time, supported the activities of a wide range of sectors. It is considered one of the most intensively used sea 
areas in the world, including for fishing, maritime transport, aggregate extraction, discharges, offshore windfarms, 
aquaculture and tourism (Carpentier et al. 2009). It is also a productive ecosystem that forms important fishing 
grounds for a range of commercial species, including cod (Gadus morhua), sole (Solea solea) and plaice 
(Pleuronectes platessa), and also encompasses some of their spawning and nursery areas and migratory routes, 
as well as unique transitional benthic communities. It represents a major biogeographic boundary between the 
Lusitanian province in the south and the boreal province in the north. At the same time, the Eastern Channel is a 
relatively well-circumscribed geographical area, “a world within Europe” (Buléon and Shurmer-Smith 2007; 
Carpentier et al. 2009), which makes it an appropriate site for investigating the complex interactions between 
intense and diverse human activities  
 
Of these human activities; fishing, maritime transport and aggregate extractions are probably the most notable for 
that area. In 2011 there were approximately 4,200 fishing vessels registered in Channel harbours employing 
9,800 fishers generating gross revenue of €500 million (Turbout 2013). Maritime transport is also a major 
economic activity in the Channel whereby approximately 500 ships of over 300 tons enter and leave the Channel 
every day, making it 1 craft every 3 minutes. Perpendicular to this cargo traffic, there are 90-120 daily journeys 
operated by ferries between the continent and the British Isles transporting 17 million passengers per annum 
(Buléon and Shurmer-Smith 2007). Marine aggregates have been exploited along the UK coasts of the Channel 
for several decades, and more recently along the French coasts (Desprez 2000; Boyd and Rees 2003; ICES, 
2009). In 2007, 5.5 million tonnes of marine aggregates were extracted from several tens of km² in UK southern 
coastal waters and 1 million tonnes from less than 10 km² along French coasts. Recently, this activity moved 
further offshore to areas also trawled by French fishermen. Several hundred km² are presently prospected by 
French companies both in the eastern and central Channel. All these activities have in isolation or in combination, 
long been recognised to be major vectors of change for the ecosystem structure and functioning, and also having 
an economic effect on the maritime sectors of activity. 
 
Here the purpose of the study was to get a better insight as to how fishers and aggregate activity in the Eastern 
Channel interact spatially with one another by analysing a time series of different spatially-explicit metrics of 
fishing activities and aggregate extractions using English and French data.   
 
Material and methods 
 
Material 

Fisheries information 

Fisheries information was provided under the same format by IFREMER (French fishing fleets) and CEFAS 
(English fishing fleets). Fishing effort was made available from satellite-based data as hours fished, with a 3’ × 3’ 
spatial resolution. Only those vessels above 15 m were considered, because vessels below that size were not 
equipped with a Vessel Monitoring System (VMS) until 2012 (EC 2009). Landings were obtained from fishers’ EU 
mandatory logbooks for each fishing trip at the spatial resolution of an ICES (International Council for the 
Exploration of the Sea) rectangle [1° × 30’]. The fishing fleets were distinguished based on the gear used per trip. 
The most important French fleets, in terms of landings, were otter-trawlers, netters and scallop dredgers, while 
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Results 
 
The results of the cross-correlation analyses are shown in Table 16. Pre-whitening was necessary to de-trend 
and/or de-seasonalise most of the English aggregate extraction intensity time series. The French otter-trawlers 
fishing effort was positively cross-correlated to aggregate extraction intensity with a time lag ranging from 0–3 
months, and then negatively correlated  with a time lag of 4–8 months, on sites UK01 (Figure 28d), FR02 (Figure 
30e) and FR03 (Figure 30i). A reverse pattern was found between the fishing effort of French otter-trawlers and 
aggregate extraction intensity on site UK04, with a negative cross-correlation at lag 2 and a positive cross-
correlation at lag 5 (Figure 29c). The fishing effort of English and French potters was instantaneously cross-
correlated with aggregate extraction intensity at lags 0 (instantaneously) in site UK01 (Figure 28c) and 2–3 
months in site FR03 (Figure 30k). Finally, a positive cross-correlation between the fishing effort of French 
dredgers and aggregate extraction intensity was found at lag 6 in site UK04 (Figure 29d). The cross-correlation 
between the other fishing effort and aggregate extraction intensity time series was not significant (p < 0.05), or 
could not be calculated when the time series was too short (FR01). 
 

Table 16. Tests of, (1) cross-correlation between pre-whitened fishing effort and aggregation extraction intensity 
time series and, (2) effect of the proximity from extraction sites on fishing effort (as output from time series cross-
section regression analysis), for different French/English fleets and extraction sites (“-“ means not statistically 
significant with p < 0.05). 

Extraction site Pre-whitening Fleet Cross-correlation Proximity to extraction 
 p d q  Lags (correlation) Coefficient p 
UK01 1 0 0 English beam-trawlers ns -0.11 0.69 
    English dredgers ns 3.11 <0.01 
    English potters 0 (+) 1.23 <0.01 
    French otter-trawlers 6 (-) -0.95 0.24 
UK02 0 1 1 French otter-trawlers ns -0.36 0.18 
UK04 1 0 1,12 English dredgers ns 2.25 <0.01 
    French otter-trawlers 2 (-); 5 (+) -3.64 0.11 
    French dredgers 6 (+) 2.38 0.07 
UK05 12 0 1 English beam-trawlers ns 0.65 0.13 
    English dredgers ns -0.43 0.25 
    English potters ns 2.05 0.04 
    French otter-trawlers ns -11.12 0.01 
FR01 - - - French otter-trawlers - -1.32 0.43 
 - - - French dredgers - -3.35 0.14 
FR02 0 0 0 French otter-trawlers (2,3) (+); (7,8) (-) 1.73 0.36 
FR03 0 0 0 French otter-trawlers (0,2) (+); (4,5) (-) 2.62 0.47 
    French potters (2,3) (+) 0.20 <0.01 
    French netters 6 (+) 0.12 0.78 

 
The results of the Time Series Cross Section Regression (TSCREG) analysis indicated that the fishing effort of all 
English and French potters targeting large crustaceans and whelk was larger in the vicinity of aggregate 
extraction sites (Figure 34c, Figure 38o, Figure 36k). The fishing effort of English scallop dredgers targeting 
scallops also increased with the proximity to aggregate extraction sites UK01 (Figure 34b) and UK04 (Figure 
35b). Only the fishing effort of French otter-trawlers decreased in the vicinity of aggregate extraction site UK05 
(Figure 34p). The distribution of fishing effort was not related to the distance to aggregate extraction sites for the 
other fleets. 
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noted that the fishing effort of dredgers and potters could be greater in the vicinity of marine aggregates sites than 
elsewhere and also positively correlated to dredging intensity with a lag of 0 to 6 months.  The fishing effort 
distribution of French netters was consistent over the whole time period under investigation. However, it is 
important to note that the fishing effort of netters has increased substantially in the impacted area FR03 (where it 
is correlated to dredging intensity with a lag of 6 months), whilst remaining almost constant in the intermediate 
and reference areas. The results obtained for French otter-trawlers were clearly mixed and site-dependent. 
 
The general lack of a negative impact of aggregate extractions on fishing activities bear out the outcomes of 
preliminary impact studies conducted by Vanstaen et al. (2010) on English aggregate sites in the Eastern 
Channel, over various time periods. Vanstaen et al. (2010) concluded there was no evidence that marine 
aggregates exploitation had significantly altered the spatial fishing distribution of fleets operating various mobile 
gears. Vanstaen et al. (2010) even indicated some increase of fishing activity for scallop dredgers targeting 
scallops in the vicinity of marine aggregates sites exploited in the central Eastern Channel (referred to as UK04 in 
this investigation). 
 
To understand why marine aggregates extractions did not have the negative impact one would have anticipated 
on fishing activities, it is necessary to consider the biological and ecological effects of aggregate extractions on 
marine organisms, and the habitat utilization of target species. It has been shown that aggregate extractions can 
result in an immediate reduction in the total biomass and species number of benthic invertebrates due to 
sediment disturbance (Desprez et al. 2000; Barry et al. 2010; Desprez et al. 2010). The recolonization may last 
several years, possibly with a durable change in the composition of the benthic community when the nature of the 
sediment composition has been thoroughly modified. However, concomitantly to the immediate removal of 
benthos, the water column is enriched by the organic matter derived from the dredger outwash (Newell 1999). In 
the vicinity of some Eastern Channel aggregate extraction sites, the increased deposition of organic detritus 
during dredging is known to attract suspension-feeders, omnivorous, and/or scavenging species (e.g., porcelain 
crab, Pisidia longicornis, and squat lobster,  Galathea intermedia) and also fish such as common sole, black 
seabream, and cod (Desprez et al. 2013). 
 
These ecological considerations could in particular explain why French and English potters, targeting scavenging 
species such as European lobster, edible crab and whelk (Carpentier et al. 2009) have concentrated in the 
vicinity of all aggregate extraction sites around which these fleets normally operate. Scallop is a suspension 
feeder (Carpentier et al. 2009), and so might feed on any increased organic matter in the water column, although 
the preference of this species for coarse sand and gravel habitats may also be an important factor (Dare et al. 
1993), in terms of the aggregate industry exploiting the same habitats as used by scallops. Such factors could 
explain why English scallop dredgers (which target this species almost exclusively) were relatively more densely 
distributed over some aggregate extraction sites (e.g., UK01 and UK04). A temporary increased abundance of 
sole in the vicinity of some French extraction sites, likely due to its ability to switch diet and feed on small crabs 
and dead bivalves (Desprez et al. 2013) could explain why the increase in fishing effort of the French netters 
targeting predominantly this species has been substantially larger on the impacted site than in the neighbouring 
areas. A dynamic change in dredging intensity is in some cases associated with a change in the same direction of 
fishing effort for these fleets up to 6 months later, which may indicate a persistent modification of the benthic 
community structure following extraction (Desprez 2000; Boyd et al. 2003; Cooper et al. 2007; Foden 2009). The 
linkage between aggregate extraction and fishing effort of otter trawlers is more complex to interpret, possibly 
because this fleet targets a range of species which may respond differently to changes in prey distributions 
following aggregate extraction. 
 
These results were considered in the light of those obtained from other studies investigating the impact of 
aggregate extractions on commercial fish and shellfish species. These authors developed a sensitivity index 
based on seven ecological and life-history characteristics: type of spatial distribution, threat status, importance for 
fisheries, habitat vulnerability, ability to switch diet and affinity to seabed. Of the 11 case study species 
considered, scallop and lobster reached the highest scoring, indicating a great vulnerability to aggregate 
extractions. The scoring for edible crabs and sole was lower, and whelk was not considered. Drabble (2012) 
suggested that aggregate extractions may have a deterring effect on the recruitment and hence on the longer 
term adult abundance of sole, which may largely offset the short-term benefits of releasing organic detritus in the 
water column for this species. 
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The approach we propose here aims at getting better insights into whether fishermen catch information could 
be used to inform species distributions and if the observed effort (and catches) could be biased by other 
activities such as the marine traffic. To that purpose we will conjointly analyse fine scale catches extrapolated 
using logBooks and VMS data, AIS data and survey data.  

 
Material and methods 
 
Material 
 
Fisheries information 
 
Vessel Monitoring System (VMS) was introduced as part of the European Common Fishery Policy. It is applied to 
boats over 24m since 01/01/2000 (CE No 686/97), to boats over 18m since 01/01/2004 and to boats over 15m 
since 01/01/2005 (CE No 2244/2003). VMS position and logbooks information were provided by the French 
administration. VMS provide information on the fishing boat location (longitude and latitude) every hour. However 
no information on the state of the boat (fishing, travelling or on harbour) is available from the row data. Logbook 
data inform on the location of the fishing operation at the scale of the ICES square and the fishing day. Coupling 
both information is essential to get a precise view of the spatial catch distribution. Coupling logbook and VMS 
data has already proven powerful for describing the spatial distribution of impact on the marine habitat (Bastardie 
2010b, Eastwood, 2007). And several methods have been applied. The method always consists in two steps: i) 
identifying the fishing operation among all position, ii) matching the declared landings (logbook) to the inferred 
fishing position from VMS. These steps were performed using vmstools (Hintzen et al, 2012). The criterion to 
define fishing position was based on a simple rule based on a speed threshold upgraded with some rules on 
distance to harbour. Logbooks were merged day by day and landings reallocated to the inferred fishing position 
based on the inferred fishing effort. 
 
Marine Traffic information 
 
AIS (Automatic Identification System) were implemented initially to avoid collision and control. The International 
Maritime Organization’s International Convention for the Safety of Life at Sea requires AIS to be fitted aboard 
international voyaging ships with Gross Tonnage of 300 or more, and all passenger ships regardless of size. 
These data are emitted irregularly at a very fine step (from 2 to 10 seconds) via VHF. The frequency at which 
data are emitted is speed dependant. The faster the boat goes, the highest the frequency is. AIS transponder has 
a limited emission distance depending on location and quality of coast based receivers/base stations). It is 
admitted that vessels are reliably monitored along their coast line and out to a range of 60 nautical miles.  
All data were stored in a postgres table, allowing for spatial analysis using postGis.  
Vessels were filtered on their activity to remove fishing boats. Time interval between two consecutive locations, 
representing the time spent in the area located in the area between these two points, was allocated to the last 
position. Due to the high frequency of the emissions the straight line trajectory is not a strong hypothesis and 
these times can then be summed over 3’*3’ squares to get an occupation index (Figure 40). This occupation 
index represents the traffic intensity and its unit is computed as: 

sqݕݐ݅ݏ݊݁ܦ݂݂ܿ݅ܽݎܶ ൌ   locations sqݐ∆

௧௦௩௦௦௦

 

with sq a given 3’*3’ square. 
 
 



D2.3.1 M

D2.3.1     
 

 

Figure 40
green an
second, t

 
Survey da
 
Based on
kriging in
species o
 

 

Figure 41
(right pan

 
Methods
 
We inves
abundanc
Abundanc
first one 
second q

echanisms of 

                      

0. Marine traffi
d blue square
hird and last q

ata 

n survey data 
terpolation (C

over the Easte

. Abundance 
nel) observed 

s 

stigated wheth
ce and how th
ce classes we
of low abund

quartile, the “h

 change in hu

                      

ic intensity (13
es represent 3
quartile of the 

(Channel Gro
Carpentier et a
ern Channel du

 (number of fis
during CGFS 

her and to wh
he fishing effor
ere computed 
dance repres
high abundanc

man behaviou

                      

3th October 20
3’*3’ square w
 observed mar

ound Fish Surv
al, 2009). The
uring October 

sh by square k
 in October 20

hich extend th
rt allocation wa
using the qua
ented by the 
ce” as the thi

ur 

     88             

008, right pan
where Marine
rine traffic inte

vey), abundan
ese maps allo
 (month of the

km) of cuttlefis
008. 

he fishing effo
as impacted b

artile of the ob
 first quartile
ird quartile an

                       

el and 11th of 
 traffic intens

ensity during O

nce maps wer
wed for estim

e survey) (Figu

sh (left panel)

ort was distrib
by the marine 
served abund
, the “medium
nd the “very h

                     V

 October 2008
ity is less tha

October 2008.

e produced fo
mated a relativ
ure 69). 

, red mullet (m

buted in the a
traffic. 
ance. Four cla

m abundance
high abundanc

VECTORS 

8, left panel). 
an respectively
. 

or several spe
ve spatial abu

middle panel) 

areas of obse

asses were de
e” correspond
ce” as the las

Black, red 
y the first, 

cies using 
ndance of 

and plaice 

erved high 

efined, the 
ing to the 
st quartile. 



D2.3.1 Mechanisms of change in human behaviour 

D2.3.1                                                                         89                                                       VECTORS 
 

Marine Traffic was defined in the same way, based on the quartiles of the observed effort over the period. One 
more category was added for the areas without any traffic. 3’*3’ squares where then allocated with the category of 
the corresponding marine traffic density. 
 
GIS routines were used to extract every day the fishing locations defined as targeting a given species and 
occurring in the different intersection of traffic and biomass categories. 
A fishing density (number of fishing location per square kilometres) per category was then computed to be able to 
compare the attractiveness of each category (abundance * marine traffic) removing the impact of the surface of 
each category. 
 
Numbers of fishing positions per categories were analysed using boxplot and linear model to explain the impact 
of both marine traffic and abundance in the effort allocation. 
 
Results 
 
The results of the fishing density in the different area by species are presented in Figure 42 to Figure 69 and 
Table 17. The fishing density seems influenced by the fish abundance and the marine traffic. Coefficients for 
abundance (Table 17) are all significant and positive, showing a positive attraction for areas of high abundance. 
The coefficient for marine traffic intensity are all significant and negatives (Table 17), showing the negative impact 
of the marine traffic on the fishing density. Boats seem to be attracted by areas of high abundance and low traffic 
intensities. 
 

Table 17. Outcomes of the model fitting (significance codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1). 

 Intercept Traffic Intensity Abundance 
Red Mullet -0.0018887 -0.0016547 (*) 0.0121695 (***) 
Plaice 0.0081152 (*) -0.0017746 (*) 0.0085963 (***) 
Cuttlefish 0.0189604 (***) -0.0028157 (**) 0.0082444 (***) 
 
Figure 42 also shows that even if the linear model tends to explain fishing densities by low marine traffic and high 
abundances areas, the fishing densities are the highest in the area of high marine traffic densities (5th category). 
Fishing densities decrease with the increase of marine traffic intensities until abundance category 4, for which 
marine traffic intensity hardly has any influence on fishing densities. 
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will only increase in the future, primarily due to proposals and plans for offshore wind farms, the newest entrants 
to these busy seas.  In some case study areas, such as the eastern English Channel and Dogger Bank, 
applications have already been approved with construction planned; in the German Bight wind farms already exist 
and at least in the Dutch part new proposals have been made6.  In others, such as the Gulf of Gdansk, such 
developments are further away- and unlikely to happen soon due to legal constraints - yet the uncertainty of 
impacts, such as on fishing, is cause of great concern.  Of all the stakeholders groups, the fisheries group was 
the only one addressed by both Sections 2 and Sections 3 and thus can be compared across all case study 
areas: eastern English Channel, the Dogger Bank, the German Bight, and the Gulf of Gdansk.  Fishing is one of 
the oldest activities in all four of the case study areas and though fishers in each area tend to use different gears 
and face different pressures, there are a number of similarities among them.  These pressures include: regulatory 
pressures, competition with other users, and area restrictions. 
 
 

3.1 Eastern	English	Channel	

 
Introduction 
 
This section presents an analysis of the activities and interactions of the main stakeholders making use of the 
eastern English Channel.  The eastern Channel is a shallow (< 50 m) basin which extends approximately from the 
Cap de la Hague (FR)-Weymouth (U.K.) on its western limit to the Calais-Dover Strait on the eastern side. This 
equates roughly with ICES area VIId, an area delineated for fisheries management.  A narrow, yet extremely 
congested spatial area, this channel continues to face a variety and large volume of maritime activities.  Some 
activities are limited to the shallow, coastal areas (e.g. thermo-nuclear power generation, recreation) while others 
are focused more or less in deeper, offshore areas (e.g. aggregate extraction). 
 
Historically, the main activities of importance in the Eastern Channel included shipping, transport and fishing.  In 
addition to these on-going activities, many others have developed in the area. However the marine space has not 
been used in the same manner by France and England. The U.K. started developments of offshore wind energy 
whilst France started discussing the possibility to extend its renewable energy sector to the offshore area less 
than 10 years ago. Another activity pioneered by the UK is the exploitation of marine aggregates which started 
after World War II in the U.K. while it started in the late 1970’s for France and Belgium. In addition to these 
numerous marine activities, there is a rise in coastal leisure activities on both sides of the channel (yachting, kite-
surfing, etc.). All this increased use of the marine space goes along with a rise in marine conservation interests 
(MPAs, SSIs, etc) which can engender restrictions of harmful activities in some areas.   
 

                                                           
6 There are, of course, many wind mill farms throughout the North Sea; there are simply none operational yet in the case 
study area of the Dogger Bank. 



D2.3.1 M

D2.3.1     
 

Figure 45

 
The East
area inclu
internatio
fleets from
 
Bearing t
Channel: 
be shown
take plac
for specif
 
The Fren
 
The main
include: 
 fishing
 transp
 marin
 offsho
 nature

Additiona
(naval po
Havre wit
projects h
least part
marine go
marines p
and natur
This publ
 
 
 

echanisms of 

                      

5. Natura 2000

ern English C
udes not only 
onal shipping t
m elsewhere i

this in mind, 
  the French C
n, and as one 
ce.  Yet, at the
fic causes, eve

nch side of th

n activities cur

g; 
port, shipping,
e aggregate e

ore renewable
e conservation

al activities on 
orts), and indu
th sea shippin
have been fin
tly the conce
overnance wh
protégées” in 
ral marine par
ic administrati

 change in hu

                      

0 Network View

Channel is a sp
the sea territo
traffic and fish
n the UK such

a three-part 
Case, the UK 
 would expect
e same time, 
en ones who w

he Eastern En

rrently underta

 and navigatio
extraction; 
e energy; and 
n. 

 the coast and
stry (including
ng going insh
anced in the 
pt of integrat

hich tries to int
 particular is t
rks, along with
ion was create

man behaviou

                      

wer (http://nat

patial area wh
ories of two EU
ing fleets from

h as Scotland 

analysis will 
case, and a c

t from a numb
stakeholders 
would perhaps

nglish Channe

aken- or bein

on; 

d in the insho
g petrochemic
hore up to Ro
French region
ed coastal m
tegrate all acti
the platform in
h reinforcing F
ed in 2006 and

ur 

     102           

tura2000.eea.

hich is impacte
U Member Sta
m other MS, pa
 and Ireland.  

 be presented
comparative a
ber of sectors 
have also lea
s traditionally 

el 

g planned- on

ore areas inclu
cal and oil refin
ouen (80km fr
ns bordering t

management. M
vities rather th

n charge to su
French potenti
d has a specif

                       

europa.eu/#).

ed by internat
ates (MS), Fra
articularly the 
 

d of activities
analysis of the
working active

arned to co-ex
be considered

n the French 

ude recreation
neries). The S
rom the coast
the Eastern C
Marine Protec
han creating n
upport the est
al in internatio
fic Channel-N

                      

 

tional transbou
ance and Engla
 Netherlands a

s and stakeho
 similarities be
ely in a small 
xist and at tim
d at odds with 

side of the ea

n, nuclear pow
Seine river has
t). In the last 

Channel with t
cted Areas re
no-take areas.
tablishment an
onal negotiatio
orth Sea bran

  VECTORS 

 

undary issues
and, but it als
and Belgium, 

older interact
etween the tw
 area, some c

mes, even wor
 one another. 

astern English

wer generation
s its estuary c
 15 years sev
the aim to imp
epresent a ne
. The “Agence
nd functioning
ons concernin
nch since 2010

s since the 
o includes 
 as well as 

ion in the 
wo.  As will 
onflicts do 
k together 
 

h Channel 

n, defence 
close to Le 
veral local 
plement at 
ew type of 
e des aires 
g of MPAs 
ng the sea. 
0. 



D2.3.1 Mechanisms of change in human behaviour 

D2.3.1                                                                         103                                                       VECTORS 
 

Fishing 
Fishing is one of the oldest activities in the region.  The fishing sector is of great economic importance to France, 
with those registered in the Channel/North Sea comprising 40% of the value and 37% of the jobs in the French 
fisheries sector.  The fisheries sector, however, is made of up a large number of subgroups.  90% are multi-use 
boats which switch between gears such as net trawls, and traps, with only 10% fishing outside of the coastal strip 
(12 nautical miles).  Also the most important fishing port in France, Boulogne-sur-Mer, is located on this coastline 
with landings of 78m€ and 35,000 tons.  The majority of French offshore boats land in ports close to their fishing 
grounds (e.g., in Scotland) and do not return to land, though Boulogne-sur-Mer does have the largest offshore 
fleet in France.  There are some conflicts among the subgroups, particularly given the decrease in some species 
quota, such as squid and red mullet, which the fishers blame on Dutch seiners who are using efficient gear over a 
large area.  Other fisheries-related concerns include an increase in competition with an increase in the number of 
gillnetters, as well as weather, toxins (scallop fishery), and a decrease in profitability.  In terms of concerns 
regarding other stakeholders, fishers fear a reduction in the areas which may be induced by the proposed wind 
farms, Natura 2000 and marine protected area sites, as well as aggregate extraction with no foreseeable ability to 
adjust positively to the increased competition.   
 
Shipping, transport, and navigation 
Shipping and transport are private activities while the monitoring and surveillance of navigation is a part of the 
public sector. It is operated by the Maritime Rescue Coordination Centers (MRCCs) within the CROSS. CROSS 
continually monitors their areas of jurisdiction and are responsible for safety, surveillance, and traffic.  Two 
CROSS monitor the Eastern Channel: Jobourg and Gris-Nez. 
 
 CROSS Jobourg is present in the area of Cherbourg and monitors the maritime traffic on the Casquets TSS 

(Traffic Separation Scheme: obligatory passage for ships). In addition to two traffic lanes, there are passenger 
ships passing through the Channel Islands, and important traffic around the trading ports of Le Havre and 
Rouen.  Other users who need to be taken into consideration include fishers, recreational boating and 
regattas. 

 CROSS Gris-Nez operates around the Calais-Dover Strait, a particularly narrow and busy shipping route. The 
area is crossed by 25% of the world’s traffic, has the passenger line Calais-Dover, a LNG terminal in 
Dunkerque, is home to France’s first fishing port in value (78 million) and tonnage (35,000 tons) of Boulogne-
sur-Mer, includes several sites of aggregate extraction, and will be home to new windfarms in 2017. In 
addition to these economic activities the area welcomes each year more than 1 million recreational vessels, 
kite surfers, and even swimmers crossing the channel. CROSS competences extend across all of these 
actors. 

  
Marine Aggregates 
Marine aggregate extraction is a relatively new activity in the French waters of the eastern English Channel.  
Though extraction began in the 1980s, permit applications have increased significantly in the last five years 
following a decrease in the number of exploitation sites and the volume of reserves of land-based aggregates 
because of increasing environmental pressure.  
Current extraction rates in the area are approximately 2m tons annually.  Overall, marine aggregates make up 2% 
of French construction material (360-370m tons).  NE Channel deposits are especially prized for their quality, 
accessibility, and volume.   
 
In France the authorization procedure for marine aggregate extraction requires three licenses: the mining title, a 
state authorization ("autorisation domaniale") and a prefectural order for opening of mining operations. In 2006, 
Decree No. 2006-798 brought together most of the regulatory requirements applicable to marine aggregate 
extraction in a single text, leaving the administration with only 38 months to study the issues and decide on the 
opening of new extraction sites. A consultative body was also introduced to associate elected local fisheries 
committees, eNGOs (environmental groups), renewable energy developers, etc. for  better local governance. 
 
Two aggregate extraction sites are located off Dieppe (2 companies); one is further located off St-Valéry en Cau 
and Fécamp (deposits 15-20km from the coast); the ”St Nicolas” site is along the watershed FR-UK; one other in 
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Seine Bay, 20km west of Le Havre; and a new site has been opened 30 km east of North Cotentin border.  
Dieppe is the historical site in the Eastern Channel, owned by the company Graves de Mer. The companies GSM 
Granulats and Cemex are also present in the Eastern Channel. Three authorisations were given in 2012-2013, for 
areas from 6-7km2 to almost 100km2.  
 
The company Graves de Mer initiated a close partnership with scientists through the creation in 2003 of a 
scientific interest group (GIS SIEGMA7). The goal is to get more knowledge about the impact of aggregate 
extraction in the Channel area. Scientific studies are realised on environmental parameters (morphosedimentary 
bathymetry, benthic and fish, trophic networks, turbidity). 
 
During the course of 2007-2013, a comparative study between an impacted area and a non-impacted one was 
undertaken in the Seine Bay. Outcomes have influenced the location of the area chosen for the extraction, its 
size, management decisions on months to avoid, the frequency of extraction, etc. The proactive involvement in 
the GIS might have helped the company to be attributed concessions by the State, an informant from Graves de 
Mer said. Other extracting companies in France are seeing the benefits they can get by showing they are virtuous 
in terms of environmental consideration, and in the Eastern Channel all companies are progressively getting 
involved in the GIS. 
 
Through studies of the GIS, the consultation process and the approval by the State for new concessions, the 
chosen sites are supposedly the sites where the impact on both the environment and existing activities will be 
most limited.  However some actors of the civil society underline the fact that marine aggregate extraction is an 
activity which can modify the marine environment (Desprez, 2000) and that its effects over the long term thus 
need more consideration. 
 
Offshore renewable energy 
Wind energy potential in France is estimated to be the second greatest in Europe, though, as of yet, quite limited 
in its exploitation.  Fixed wind farms are being considered particularly for the Eastern English Channel given its 
shallowness. In 2009, with the view of offshore energy, an inventory of each area of interest was made, resulting 
in mapping of hydrological and geographic information as well as the presence of other activities such as shipping 
lanes, fishing areas, extraction zones, protected areas, etc.  In 2011, a call for tenders was made for the building 
of 600 wind turbines by 2020 in 5 separate areas; three of these sites are to be in the Eastern Channel.   
 
As seen with the marine aggregates sector, the development of the wind energy is currently a quite consultative 
one.   
 
"Today there really is a desire to plan, the state identifies the areas and then offer them within call of tenders. … 
We are a newcomer in the sea. We first try to identify other actors in the marine environment … then we organise 
consultation to find the project with the least impact on their activities or perhaps how we can compensate for 
project impacts on their activities. Fishing is clearly the leading player with whom we have discussions. … Then 
we must also take into account activities which are more specific to the Channel : navigation rail (up and down) in 
which we obviously can not put a park. And then there are activities with which we are not necessarily interacting, 
e.g. aggregates, are also areas reserved for aggregates, obviously you can not have everything on the same 
zones. Also Natura 2000 zones on the Channel coast, and a natural marine park being created the Bay of 
Somme. Different activities, either exploitation of resources, or recreation, or protection of the environment come 
into play here in the windfarm project definition" (Wind energy developer, Dieppe). 
 
 
Nature Conservation 
There is also an increase in nature conservation in French waters, including the Eastern Channel. Depending on 
where you draw the line, there are at least 15 Natura 2000 sites, which include both Birds Directive sites (Special 
Protection Areas) as well as Habitats Directive sites (Special Areas of Conservation).  The majority are in coastal 
areas, but also includes some in offshore areas (see map XX, above). The “Agence des Aires Marines 
Protégées” (MPA Agency) has a branch in the Channel North Sea since 2010. Among its responsibilities are: 

                                                           
7http://www.siegma.fr/;http://wwz.ifremer.fr/defimanche/content/download/39363/538002/file/Plaquette%20GIS%20SIEGMA.
pdf  
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 leading the French MPA  network and natural marine parcs, relying on concertation and several legal tools: 
Natural Marine Parc, Natura 2000 network, Natural Reserve, National Parc, public maritime domain of the 
“Conservatoire du littoral”, prefectorial order for protection of the biotope, “Trame bleue” (Blue corridor)… 

 Gathering scientific data on the marine environment 
 Facilitating consultation between elected representatives, users and nature protection organisations 
 Experimenting new governance or management models 

 
The heavy anthropogenic pressure in the Eastern Channel has led to the progressive deterioration of the 
environmental quality of the water, particularly at the mouth of the Seine estuary. Over the last dozen years 
national and European measures have been designed with an eye towards developing an integrated 
management plan for the zone.  
 
Several interdisciplinary scientific programs have also been implemented, both at the national and international 
level, to study all or parts of the eastern English Channel. During this same period, numerous qualified 
stakeholders have attempted to initiate integrated coastal zone management (ICZM) policies.  
 
The UK side of the Eastern English Channel 
Similarly to what is found on the French side of the English Channel, the main activities currently undertaken- or 
being planned- on the English (UK) side of the eastern English Channel include: 
 fishing; 
 transport, shipping, and navigation; 
 marine aggregate extraction; 
 offshore renewable energy; and 
 nature conservation. 

Additional activities on the coast and in the inshore areas include recreation, nuclear power generation, and 
defense (naval ports).   
 
In the UK, there has been a significant effort in recent years to work on integrated management of  coastal and 
marine waters.  The Balanced Seas Marine Conservation Zone project is one notable example, another is the on-
going work being undertaken to get all the users in one room to put together a plan for the next 20 years for the 
Eastern Channel: wind farms, shipping, fisheries, nuclear power stations, defense (MOD), leisure (yachting). As 
one attendee noted, “Difficult to do, everyone vying for their own bit.” 
 
Fishing 
Fishing is a varied and historical activity on the UK (English) side of the eastern English Channel.  Activities have 
adjusted over the years and adapted to regulatory and legislative changes.  Currently, the majority of fishers work 
on boats under 14m as it gives them the greatest flexibility to fish for a multiplicity of species in the inshore areas, 
as well as to save on operating costs.  The offshore fleet has diminished in recent years and consists primarily of 
scallopers from Brixham, the West of England, and Scotland.  There are also French boats which fish outside the 
12nm limit, Belgian beamers, and French (stern trawlers) which fish right on the 6nm line.   
 
There is some threat of increased fishing pressure due to displacement, e.g. boats entering new areas after being 
shut out of closed areas, such as Scottish boats shut out in Scotland and coming south; or conservation zones 
closed to fishing with boats then moving to new areas.  Several of the fishers (not trawlers) pointed out the 
difficulties trawlers are facing with increased pressure/ competition for space and felt “sorry for them.”  One of the 
greatest impacts on fisheries comes from aggregate extraction—not only for current space they are closed out 
from, but also for previously used space as it no longer provides good fishing.  Yet some subgroups accepted 
their (aggregates) presence as legitimate given their long history.  Currently, fishers are also greatly concerned 
about the Dutch boats (fly shooting) and especially about the new proposed wind farms.  As one long time 
fisherman noted 
 



D2.3.1 Mechanisms of change in human behaviour 

D2.3.1                                                                         106                                                       VECTORS 
 

“… 340.000 tons [spoil] dumped into 137sq km is pretty much going to bugger up all that habitat within the area. 
We are very concerned about that, very concerned about once we get over the construction phase, very 
concerned about the operational phase of on-going underwater noise, vibration and EMF effects for local stocks 
and migratory stocks that we produce seasonal fisheries forces, things like cuttlefish, black bream, bass, Dover 
sole and plaice. Although dover sole and plaice are available here in viable commercial quantities all year round, 
there are 2 distinct seasons per year where they are migrating from the southwest. Are they still going to do that 
the physical barrier of the wind farm? I don’t know, I am not bright enough to tell you that and its not my job but 
somebody should tell us that.” 
 
They are also feeling a pinch from closed conservations zones.  “… Now we have the management zones the 
MCZ, which I was a supporter of, and the majority of the fishing in this district are [supporters of], as long as it is 
done sensibly.  So what I am trying to say is areas of sand or mud, if we are doing it the right way (reef or habitat) 
that is defined and definitely there then everybody is willing to go along with it, I think it will work well, in the 
Eastern Channel… now in the Eastern English Channel you have got SACs, MPAs, MCZs, SSSIs (sites of 
special scientific interest) … All of which we didn’t have ten years ago.   In fact most of those we did not have 3 
years ago.  We have been squeezed for fishing grounds, that’s for sure, no getting away from that.” 
 
Pressure from large numbers of leisure crafts, especially yachts, also exists, though tends to be viewed as a 
pressure rather than a difficult issue.   
  
Shipping, transport, and navigation 
Much of the organisation and protection of transport (ferries), shipping and navigation on the English side of the 
English Channel is run by the Maritime and Coastguard Agency (MCA).  MCA conducts research in such areas 
as environmental protection, navigation and seafarer/fishermen safety, and accident prevention.  They also 
provide training and certification; weather and safety information; they work with partners in the shipping industry 
to promote the safe construction, operation and navigation of ships; and they provide emergency response. 
 
The Channel has traffic on both the UK-Europe and North Sea-Atlantic routes, and is the world's busiest seaway, 
with over 500 ships per day. Following an accident in January 1971 and a series of disastrous collisions with 
wreckage in February, the Dover Traffic Separation System (TSS), the world's first radar controlled TSS, was set 
up by the International Maritime Organization (IMO). The Channel Navigation Information Service (CNIS), 
introduced in 1972, provides a 24 hour radio and radar safety service for all shipping in the Dover Strait, and is 
jointly operated by the UK and French Administrations from the Dover Maritime Rescue Co-ordination Centre 
(MRCC) and CROSS Gris Nez in France.  The Dover Strait is a mandatory reporting area, meaning that vessels 
over 300 gross tonnes are required to report to either Dover MRCC (South West Lane) or CROSS Gris Nez 
(North East Lane) before proceeding through the service area. The scheme mandates that vessels travelling 
north must use the French side, travelling south the English side. There is a separation zone between the two 
lanes. 
 
Stakeholders understand the safety issues involved with shipping and transport and understand the need for 
dedicated shipping lanes.  
 
Marine Aggregate extraction  
The eastern channel region is one of the most important for the English marine aggregate industry due to the 
licenses found here.  Almost one-third of construction aggregates come from this region and one-third of UK 
construction takes place in this region (due to London).  Though marine aggregate extraction has taken place for 
over 50 years in the English Channel, it has become a much larger industry in the last 15-20 years. As one 
informant described, “30 years ago it was one ship going in and out of one port 2-3 times a week; now it is 
multiple ships coming out of multiple ports 2-3 times a day.”  Consequently, it has become, in his words, “a huge 
industry compared to what it once was.”   
 
In addition to a larger industry, aggregate extraction has also moved further offshore compared to earlier years. 
Consequently, they must now interact with a greater number of different stakeholders (international fisheries, 
shipping, a greenfield site) than previously.  Also, they tended to have closer relationships when interacting more 
with local stakeholders (e.g. port and inshore fisheries when compared with international fisheries).   
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In addition to being used in UK construction, marine aggregates are sent to the near continent (France and 
Belgium); sand and gravel are used in coastal defense and to protect environmental features and communities at 
risk.   
 
The marine aggregate industry, as seen in the French case, also works diligently on outreach and public 
relationships.  In the past, they would have had 50-80 fishermen in for a tense meeting on their activities, now 
they may only get one or two thanks to increased transparency on activities (e.g. on their website).  All ships use 
a black box which reports positions at 30 second intervals; they also send out biennial reports to fishermen.  Of 
course there are some tensions with fishers, as you would expect, but many in the industry feel they have a 
positive working relationship with fishers; they are a small industry and have similarities due to the location of 
where they work. 
 
In 2012, they had 155km2 of licenses, in which they were permitted to dredge in an area of 86km2 and they 
actually dredged 35km2 of area.   
 
Current challenges stem from the increased number of other pressures: policy, windfarms, MPAs.  The industry is 
advocating for the mapping of areas for better planning and development.   
 
These sectors have worked together and signed joint statements at various times (e.g. with NGOs) on specific 
issues where some synergies exist, though the extent of agreement has varied.  For example, the aggregate 
industry may hope for mapping and clarification of sensitive sites, while the NGOs would go a step further and 
actually want them designated.   
 
Regional cooperation is advocated by many in the industry, pointing out that it makes no sense to have things 
done differently in France than the UK, they should work together. 
 
Offshore renewable energy 
Though still in the planning stages, offshore energy is already having an impact on the planning of other 
businesses (e.g., fisheries) in the English Channel coastal areas.   
 
One of the proposed offshore wind farm developments by E.ON, planned for the Sussex coast, is known as 
Rampion. The wind farm will have a target zone capacity of 665 MW (enough for 450,000 homes) with up to 175 
turbines.   Development and construction costs are estimated at £2 billion.  Rampion is to be located between 13 
to 25 kilometres from the coast, lying off the towns of Worthing and Shoreham-by-Sea to the west, the city of 
Brighton and Hove in the centre and the towns of Newhaven and Seaford in the east. The wind farm would be in 
a zone that is an irregular elongated area, approximately 28 kilometres in an east to west direction and 
approximately 10 kilometres in the north to south direction. The wind farm itself would occupy an area of 167 
square kilometres equivalent to two-fifths of the size of the Isle of Wight. The wind farm would be viewable from 
the bay between Selsey Bill and Beachy Head, as well as from the Isle of Wight. The Port of Newhaven will 
house the administration and engineering functions of the wind farm. The sites surrounding the Newhaven 
dockland will be used as storage for the landside construction of the various turbine components, before they are 
shipped for final construction on site. 
In terms of potential impacts, at the moment, 137km2 is set aside for a wind farm near Brighton and 100km2 for 
one near the Isle of Wight.  Impact assessments conducted by the wind energy firms estimate 1800 tons of 
seabed to be dug up for each turbine. This “spoil” (340 000 tons) is to be dumped within the boundaries of the 
wind farm, not a special spoil ground, which concerns fishermen. 
 
The turbines have also been shown to impact various bird species (e.g. gannets around the channel island, 
France, and the UK) in terms of altering their foraging behaviours.  There is also concern about the impacts of 
vibrations on marine life. 
 
Nature Conservation 
Much of the conservation work in the UK’s English Channel areas are driven by the Marine Coastal Access Act 
(MCAA, 2009) as well as the EU’s Habitats (1992) and Birds (1979) Directives which called for the designation of 
special areas of conservation (SACs) as well as Special Protection Areas (SPAs), and the Marine Strategy 
Framework Directive.   
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One of the most important aspects of the MCAA was the formation of the Marine Management Organisation 
(MMO).  The MMO was established to  “make a significant contribution to sustainable development in the marine 
area and to promote the UK government’s vision for clean, healthy, safe, productive and biologically diverse 
oceans and seas.” (http://www.marinemanagement.org.uk/about/index.htm).  Critically, the MMO is a non-
departmental government body (NPBD) which serves to basically coordinate decision-making regarding the 
coastal seas into one body.   
 
Among the MMO’s key responsibilities include: 
 implementing a new marine planning system designed to integrate the social requirements, economic 

potential and environmental imperatives of our seas 
 implementing a new marine licensing regime that is easier for everyone to use with clearer, simpler and 

quicker licensing decisions 
 managing UK fishing fleet capacity and UK fisheries quotas 
 working with Natural England and the Joint Nature Conservation Committee (JNCC) to manage a network of 

marine protected areas (marine conservation zones and European marine sites) designed to preserve 
vulnerable habitats and species in UK marine waters 

 responding to marine emergencies alongside other agencies 
 developing an internationally recognised centre of excellence for marine information that supports the MMO’s 

decision-making process. 

As seen in point four, working with Natural England and the Joint Nature Conservation Committee (JNCC) to 
manage a network of marine protected areas (marine conservation zones and European marine sites) designed 
to preserve vulnerable habitats and species in UK marine waters is one of the MMO’s priority activities.  The 
JNCC is a public body that advises the UK Government and devolved administrations on UK-wide and 
international nature conservation, including the marine environment.  They work closely with Natural England 
whose remit is to ensure sustainable stewardship of the land and sea so that people and nature may thrive. They 
view a key responsibility as seeing that England’s rich natural environment can adapt and survive intact for future 
generations to enjoy. 
 
The JNCC’s primary work in the marine environment centers on: 
 Advice to offshore industries - Well managed industries can minimise their biodiversity impacts. 
 Establishment of Marine Protected Areas - The recent passage of the UK Marine Act and Marine 

(Scotland) Act has accelerated work on protected areas. 
 Marine Strategy Framework Directive - Implementation of this new Directive will set goals for the state of 

our seas generally. We are working to see that these goals will meet the needs to conserve marine 
biodiversity. 

 Survey and monitoring - We undertake surveys to identify potential protected areas. We are also currently 
developing a programme to advise governments on future monitoring needs to establish marine biodiversity 
status and trends and the pressures that act on them. 

 Assessment – We bring together survey/monitoring information with new research and expert judgement to 
establish a comprehensive picture of the state of the seas. 

These organisations always work closely with other statutory bodies such as Inshore Fisheries and Conservation 
Authorities (IFCAs), such as by serving as board members and working in their offices to provide data and 
expertise.  
As seen with all of the organisations mentioned in this section, integrated management is a significant change 
and MCZ and MPS planning is a large part of their function. As opposed to EU designations, socioeconomic 
considerations may come into play when designating sites in the UK, and thus they work closely with more 
stakeholders and users. Their work is primarily driven by legislation and they view the primary hindrance as being 
time itself.   
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Comparisons and contrasts between France and England 
UK and French fishermen fish with similar size boats and gear, they both have concerns about the Dutch fleets- 
fly shooting.  In the Eastern Channel interactions take place with four nations using the same bit of sea:  Belgium 
Dutch, French, and British. There are different styles of fishing among some boats. The indigenous French and 
British, those who live and work on these coasts, fish in similar ways, using towed gears, very similar scallop 
dredges, fishing very much seasonally (for scallop, dover sole), while Belgium have a fleet of beam trawlers and 
the Dutch trawl with fly shooters (earlier beam trawls).   
 
There is a view that the local French and English together suffer from modern techniques used by “outsiders”:  
ring netting/ fly shooting from the Dutch fleet http://en.wikipedia.org/wiki/Seine_fishing ), which only materialised 
in the last 5 years and it is, in the words of a UK skipper, “an incredibly efficient way of catching fish.”  
 
He further explained that,  
“If you have got an area of seabed, if you go through with a traditional boat you would scare 70 percent of the 
fish. With this method, because it herds it all together before pulling the trawl through, you catch a much higher 
percentage and what we’ve noticed in the UK part of the Eastern Channel is that certain species such as red 
mullet, gurnards, cuttlefish, squid, all historical fisheries that have been going on for decades, probably centuries, 
have really, really diminished when these ring nets came along. When you see their landings: cuttlefish, red 
mullets, squids, gurnards… it can’t be coincidence. I am not a scientist and don’t pretend to be but it cannot be 
coincidence. The French get very excited about it because that is their area and their fishing force.  
 
So that is a new pressure that has come along and it’s a consequential pressure because the only reason why 
the Dutch have gone to ring netters is because of the pressure put on by environmentalists to get away from 
beam trawlers (biggest beam trawling fleet in Europe). So whether it is a bigger problem to have that is not for me 
to answer. You go from one problem to another.”   
 
An additional 14 licenses were created by the Dutch government for ring netting recently so that issue will 
increase in the near future. 
 
French aggregate extraction is a new industry, possibly without the same level of legitimacy as seen in, for 
example, the UK.  In the UK the industry is seen as an “old player” and thus has more legitimacy in terms of 
having a “right” to operate in the area.  Also, the aggregates (UK) ally themselves at times with other industries—
e.g. fishing or conservation, depending on the issue at hand.   
 
Shipping separation zones are now less of an issue since there are fewer trawlers than in the past. 
 
Since 2003, a platform of cooperation (Channel Arc) gather both UK and French actors into a more holistic 
programme to exchange best practices and discuss about maritime issues: 
http://www.arcmanche.com/en/the-channel-arc/what-is-it/ 
 
Overall, the conflicts among stakeholders from various sectors is not as severe in France as in the UK.  Given the 
relative youth of the renewable energy and aggregate extraction sectors in France, however, it can be anticipated 
that conflicts will increase in the future as they expand their activities. 
 

3.2 The	Dogger	Bank	

 
Introduction 
The Dogger Bank is a major sandbank below sea level rising off the sea bottom in the middle of the North Sea. 
The bank stretches through the Exclusive Economic Zones (EEZs) of four member states:  Denmark, Germany, 
the Netherlands and the UK. EEZs are the zone from the boundary of territorial waters, 12 nautical miles off the 
coast to 200 nautical miles off the coast to which member states enjoy exclusive rights to resource exploitation. 
Dogger Bank extends over approximately 17,600 km2, with dimensions of about 260 km long and up to 97 km 
wide. The water depth ranges from 15 to 36 metres which is about 20 meters shallower than the surrounding sea. 
A big part of it is a productive fishing bank.  
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Each member state has had to consider whether the Dogger Bank in their EEZ is a sandbank habitat type 
requiring protection according to the EU’s Habitats Directive and, if so, designate a protected area – or Special 
Area of Conservation (SAC) as it is termed under the Habitats Directive. Germany, the Netherlands and the UK 
have all designated Dogger Bank SACs in their respective EEZs. In the Danish part of the Dogger Bank, which is 
the deepest end of the bank, it has been argued that it is not a “shallow” sandbank, and thus does not merit 
conservation status under the Habitats Directive. 
 
Germany and the Netherlands have also made harbour porpoise, and grey seal added features which require 
particular protection on their respective SACs. The UK formerly had both species added in an early version of 
their SAC, but removed them from the final proposed site. 
 
As the German part of the Dogger Bank is in rather deep waters, which makes it both less productive as a fishing 
bank and less useful for wind farm development, it is important only for a small group of stakeholders. In the 
Dutch part of the Dogger Bank, the water depth varies between 24 m and 40 m. This area is generally shallower 
than the German part of the Dogger Bank and hence a more productive fishing site – however, it is still too deep 
for wind farm development. The UK part of the Dogger Bank is the shallowest part – a major part of it is less than 
20 meters deep.   
 
Users and conflicts 
The Dogger Bank is an important site for a range of different users, just as it is featured for its ecological qualities. 
In the following we give an overview of the different uses, including how they coexist and conflict: 
 
Fishing ground 
Due to its shallowness and the high hydraulic activity on the bank, the Dogger Bank is a very productive fishing 
ground, especially when it comes to flatfish and sandeels. Hence, it has been a popular fishing site for more than 
a century and has been named after the dogger, a particular type of Dutch fishing vessel. The shallower areas of 
the Dogger Bank in the UK and Dutch parts of the bank are the most productive, particularly because the 
shallowness allows the sunlight to reach the sea bottom, allowing for processes of photosynthesis, which again 
feeds the fish. For the same reason, the deeper areas in the German and Danish part of the Dogger Bank are 
less popular fishing grounds than the rest of the bank. 
 
The main fisheries stakeholder on the Dogger Bank is a major Danish fishing fleet going mostly for sandeel, but 
also for plaice, sole and mackerel. Incomes vary depending on the yearly quota, but during the latest 5-6 years 
Danish fishers, if taken together, earned about 43 million EUR per year8. Dutch fishers are also very active on the 
bank, earning app. 11 million EUR per year9. There are very few German and UK fishing vessels operating on the 
Dogger Bank. 
The management plans are not expected to consist of complete closures of the areas, but rather to restrict 
particular activities. However, they are expected to have major impacts on particular fisheries activities in the 
area. Hence, the fishing industry has been and still is heavily involved in the process of designating SACs on the 
Dogger Bank and developing management plans for the areas. Particularly through their engagement in the North 
Sea Regional Advisory Council. 
 
Source of aggregates, such as gravel and sand 
Very small areas of the seabed are licensed for the extraction of sand and gravel from the seabed.  This is an 
important material for construction. However, if you ask members of the sand and gravel industry, they will argue 
that the Dogger Bank is not a sandbank, but sand over hard substrata. This makes it a less important site for 
sand and gravel extraction than other ‘plain’ sandbanks. Hence, the sand and gravel industry has not been 
particularly engaged in the process of designating SACs on the Dogger Bank – instead, they have focused their 
efforts on other SAC designation processes concerning sandbanks important to the industry. 
 
Drilling area for crude oil and natural gas 
There is limited oil and gas activity on the Dogger Bank.  The UK, for example, is developing a gas field through 
Cygnus Alpha, a permanently manned hub that consists of three bridge-linked platforms providing drilling, 

                                                           
8 Interview with Danish fisheries representative. 
9 Ibid. 
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Windfarms and conservation 
In this light, the prospects of a Special Area of Conservation on the UK part of the Dogger Bank raise concerns, 
particularly with the UK Department for Energy and Climate Change, the Crown Estate and the wind farm 
developer Forewind (a consortium comprising Statoil, Statkraft, SSE and RWE power). As the management plans 
are still negotiated, it is still not clear which implications this will have for the wind farm. First of all, the drilling 
required in the construction phase will generate a lot of noise, which can affect the harbour porpoises in the area, 
as these are particularly sensitive to sound and depend on their hearing abilities for navigational and 
communication purposes. Some NGOs suspect that this is why the UK, unlike the Netherlands and Germany, 
ended up not making the UK SAC a special conservation area for harbour porpoise. 
 
Windfarms and fisheries 
The prospects of a major wind farm on the Dogger Bank also raise concerns among fishermen. Each turbine will 
have a safety zone, and likewise powerlines along the seabottom will obstruct bottom trawling in particular areas. 
The main impact on fisheries will be the loss of important fishing grounds and, on other grounds, restrictions of 
fisheries. There will also be safety issues and increased steaming times to fishing grounds, just as fishers are 
concerned about the eventual negative impact of the wind farms on the abundance of commercial species. 
As part of the initial phase Forewind is consulting with all users in the area in order to ensure as smooth 
coexistence as possible. Among the mitigation measures taken to reduce impacts on fisheries, Forewind 
mentions “regular Notices to Mariners; the establishment of safety zones of up to 500 metres during construction 
or significant maintenance work; installation of adequate safety lighting, and ensuring construction vessels follow 
international regulations in respect of fishing routes.” (Forewind 2013, p. 12) 
 
Windfarms and shipping, oil and gas 
As the area is very shallow, only few vessels transit through the area. Hence, the wind farms are not expected to 
cause major changes in shipping routes. 
There are oil activities close to the proposed landfall for the wind farms. Mitigation measures will include 
comprehensive mapping, proximity agreements and to place underwater structures as close as possible in order 
to minimise the affected area. 
 
Windfarms and prehistoric sites 
There are several prehistoric and historic sites on the Dogger Bank. As part of the planning phase Forewind has 
been screening the area and identified a number of sites which will be exclusion zones. 
 
Nature conservation area 
Due to its shallowness and the high hydraulic activity on the bank, the Dogger Bank is in some areas highly 
productive and provides physical habitat for species such as harbour porpoises and seals. It is a feeding ground 
for seabirds, and in some areas there are high densities of sandeels, which serve as an important food source for 
a long list of species. The purpose of the SACs on the Dogger Bank is to protect its function as a habitat, just as 
harbour porpoises and seals are added as protected features on the German and Dutch SACs. 
 
Conservation and stakeholders 
The management plans for the three SACs on the Dogger Bank are still negotiated. In order to ensure a coherent 
management regime on the bank, Germany, the Netherlands and the UK are striving to have joint management 
plans. Rather than being a complete closure, the management will restrict or exclude particular activities. Several 
stakeholder groups are taking part in the negotiations, particularly fisheries representatives and NGOs. In the UK, 
the wind farm developer Forewind, the Department for Energy and Climate Change and the Crown Estate are 
also consulted continually about the eventual implications of the management plans on the wind farm 
development. 
 
Nursery ground, diversity of species and ecological functions 
The diversity of species living above and in the Dogger Bank plays many different roles, for example helping to 
remove carbon dioxide from the atmosphere and remove waste products from the water. Moreover, Dogger Bank 
as a habitat plays a role in populating the wider North Sea. 
 
The SAC management plans 
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The Dogger Bank is a highly productive area and a habitat for a number of species, hereunder harbour porpoise, 
seals and a range of commercial species (e.g. sandeel and plaice). At the same time, it is an important site for a 
range of industries, particularly fisheries (mainly in the Dutch and UK area) and wind farm development (only in 
the UK area). Other industries, which are less important, however still active, are oil and gas, sand and gravel 
extraction and shipping. Moreover, the Member States have different agendas for their bit of the Dogger Bank. All 
this makes the process of developing management plans for the Dogger Bank SACs highly problematic. 
The Dogger Bank Steering Group is coordinating the negotiations. The North Sea Regional Advisory Council, 
consisting of NGOs and fisheries industry representatives, has been given an important role in the process. 
Asked by the Dogger Bank Steering Group to make joint zoning proposals, a focus group was formed in the North 
Sea RAC, which came up with a position paper proposing the contours of a management plan. Main elements 
were co-management, adaptive management and zoning. However, the Member States wanted a full 
management plan proposal. Hans Lassen was hired as a consultant and developed three management scenarios 
which were presented at a North Sea RAC meeting. None of these were supported by the RAC – many members 
found that very few elements in their first position paper were included. 
 
The Dogger Bank Steering Group then asked the North Sea RAC to develop a new proposal, this time with a very 
short timeframe. They were provided with new Terms of Reference, which were a mix of different Member States’ 
agendas, for example Germany wanted at least 50% of the SAC area to be protected. The main issue in this 
process was about zoning – how many percentages of the areas within the SACs should be closed or regulated, 
and where within these SACs should these regulated zones be, that is, which areas are ecological hotspots. 
Whereas the starting point for the NGOs was that they would not go below 35%, the fisheries industry wanted 
less. Another issue was which fishing gears should be allowed and banned respectively. Particularly, the 
regulation of bottom trawling, otter trawl and especially seines have been discussed. 
 
When they reached the deadline, the working group in the North Sea RAC informed the Steering Group that they 
could not reach an agreement, and they were  given an extension with the clause that the chair and vice chair of 
the North Sea RAC was involved. It was still impossible to reach an agreement – they disagreed about the 
percentage and the location of zones, and in the end they had to give up on coming up with a joint proposal but 
submitted a proposal with minority reports. Hans Lassen was asked once again to refine the proposal, and the 
North Sea RAC was invited as an observer in the Steering Group. A proposal has now been sent to ACOM for 
final advice, and ACOM has asked independent reviewers to review the proposal. 
 
More recently, the involved NGOs have sent a letter to the European Commission, the Dogger Bank Steering 
Group, the Member States and the North Sea RAC. The letter detailed their frustration with the process, which 
they had found to be longwinded and, for the NGOs, costly but without results and with too many compromises in 
favour of the industry and at the cost of the conservation goals. They will not participate in more processes until 
they can see an opening and things moving forward. (Pers. comm., NGOs representatives) 
 
Forewind, an energy group, has been taking part in the process since 2012 when they joined the North Sea RAC 
focus group. The Forewind wind farn-approved area is also taken into consideration in the proposals. 
Due to the many stakes in the Dogger Bank, the process of first designating SACs and later of developing 
management plans has been longwinded and full of conflicts. The different stakeholder groups have been 
negotiating closely, both during Forewind’s wind farm planning phase and in the SAC process, however as of yet, 
no agreement has been reached. 
 

3.3 Gulf	of	Gdansk	

 
Short description of the case study area: 
The Gulf of Gdansk, part of the Southern Baltic Sea, is delimited by the shores of the Pomeranian Region in 
Northern Poland and by the coast of the Kaliningrad Oblast in Russia. The total surface area of the Gulf is 4,296 
km2 and its volume is 236 km3. The bottom of the Gulf is stony close to the coast, muddy further away in deeper 
parts, and sandy, especially in the sheltered Puck Bay (the western part of the Gulf), where it is coved by 
macrophytes. The western and eastern regions of the Gulf were included in the NATURA 2000 network and 
belong to HELCOM Baltic Sea Protected Areas. The coastal zone of the case study site is mostly low sand 
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beaches – an excellent place for tourism development. The Gulf is also an important area for fishing, shipping, 
and to a limited extent for extraction of natural gas, sand and gravel.  
 
Methodology 
The research methodology involved using qualitative, semi-structured interviews that were conducted with the 
three predefined user groups: fishers, environmentalists, and representatives of shipping industry. At least two 
representatives of each sector were interviewed, using face-to-face interviews that lasted between thirty and sixty 
minutes. The questionnaire was designed to capture spatial conflicts, potential barriers and solutions, and 
changes in the sector within the last decades.  
 
Results 
 
Fishing 
 
Fishing is the oldest and the most traditional use of the marine resources, but its overall importance is 
decreasing. In 2007 the Polish fleet had over 860 fishing vessels, but in 2011 this number dropped to 790. At the 
same time in 2011 the fishing quota assigned to the Polish fleet had not been used (apart from the quota for 
herring; Kalinowski et al. 2012). It is expected that fishing quota will be reduced and the number of vessels and 
employment possibilities will decrease, causing further changes in the fishing sector. The consequences of these 
changes, however, will be different for coastal or off-shore fisheries, and for vessels owners and fishers who do 
not own the ships.  
 
Fishers in Poland are aware of these changes. All the interviewed fishers agreed on the four important reasons 
for the challenges they face: (i) the technical and technological development, (ii) change in the political situation 
(transformation from socialism to free market), (iii) Polish accession to the European Union, and (iv) changes in 
the marine environment.  
 
Technical and technological progress led to the development of fishing gears and other on-board equipment. 
Overall, the work at sea became easier and safer. All the fishers thought that these improvements lead to 
increased fishing capacity, but a few underlined that this might be relevant only on an individual level. These 
fishers noted that the overall fishing capacity will not increase due to the market mechanism or EC regulations 
and further reductions in fishing quotas. Polish accession to the EU had two important consequences. First, the 
Polish fishing sector has to follow European regulations, including the Common Fisheries Policy, which Poland 
was not prepared for, and as a result made a lot of mistakes, especially in quota division. Second, the accession 
brought a lot of funding opportunities for modernization of the fishing vessels and investments in large 
infrastructure, e.g., fishing harbours or fish sale centres,but only a few respondents believed this funding was 
properly designed to meet their needs. For example, it was not possible to purchase modern engines for fishing 
vessels and to replace old engines with more powerful ones. This continues to be a big problem, because many 
vessels were under-equipped in post-war Poland. One respondent noted that the level of co-financing for similar 
investments was lower in Poland than in other EU countries. Bureaucracy and paper work was commonly 
criticized.  
 
The combination of these factors not only exacerbated the existing problems but also brought new challenges. 
Perhaps the most important ---and widely discussed by all the fishers--- is the issue of discards and quota 
division. The respondents complained that a division system is practically non-existent, and  therefore, they 
cannot plan their activities and investments in the long term. They continue to be surprised by the limits and 
division criteria. Every year there is a political bargain between various fishers organizations, and also within 
these organizations---between fishers representing smaller and larger vessels (cutters). As a result, there are 
vessels that receive cod quotas that are too small, but more often the limits are far too large. Small vessels are 
not only sensitive to weather conditions, but are also subject to navigation restrictions. They are not allowed to go 
further than 12 or 30 nautical miles from the coast, yet cod can rarely be fished in shallow waters close to the 
coast. This is a major conflict between the small boat and large boat owners. Smaller boat owners argue for 
higher cod quotas, but some of them are only interested in selling their quotas on the market and not in actually 
fishing them out. Therefore, Poland is not able to use approximately 30% of the granted cod quotas. Many of the 
respondents noted this fact and considered it outrageous, especially considering the fact that this surplus is lost 
and cannot be transferred to the next year.  
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The fishers were not able to provide a ready-to-use solution and could not agree how this problem could be 
solved. Some fishers suggested that the fishing organizations should have a bigger influence on the quota 
division, but others were convinced that it would only increase the chaos as the community is too divided to reach 
a compromise. One respondent noted the poor division system will end only if a long-term system is prepared. 
This person believed that such a system should not be created by the fishers themselves, but by experts in 
fishing economics and the marine environment. Management of fisheries cannot be separated from the 
management of all marine resources. But a proper management system cannot be prepared unless there is 
interest from fisher’s organizations and relevant agencies. Agencies dealing with fishing often lack people who 
have relevant qualifications or are able to communicate and negotiate with the fishing community. This view was 
shared by other respondents when they discussed the involvement of various institutions.   
 
A few respondents underlined that improper quota division has more general social implications. The general 
uncertainty prevents not only coastal fishers but also large boat owners from considering fishing as a reliable 
source of income. The fishers believed that an indirect result of the Common Fisheries Policy is the reduced 
solidarity among them, withdrawal of the young people from the profession, and increased costs of running the 
fishing business. The respondents also complained about reporting requirements, improper organization of the 
sale of fish, and excessive port and registration fees. They also underlined that there is no vision of how the 
fishing sector should develop and no support from the central government. The fishers were, however, aware that 
these problems are not particular for the fishing sector, and are relevant for other sectors of the Polish economy.  
 
There was no agreement on how changes in the marine environment influence the fishing sector. The majority of 
the fishers noted the marine environment gets worse, especially the quality and size of the fish population. Some 
fishers, however, especially those fishing close to the coast, see positive changes in the environment. For 
example, they now catch fish species that were not seen for a long time. All the fishers showed their concern for 
the environment, and also called for the protection of the fish stocks, but at the same time, they were convinced 
that the fishing sector is in conflict with the protection of the environment, at least as it is commonly defined by the 
activities of the environmentalists.   
 
In general, the fishers did not observe many conflicts in the marine realm around the Gulf of Gdansk. One of them 
noted that, basically, there are no conflicts over the marine realm, but every square meter is already being used 
and there is no space for new uses. And since there are pressures from new sectors or from the expansion of 
traditional sectors, clashes are likely to occur. Other interviewees shared this view, although the majority also 
mentioned tensions between the environmental sector and off shore wind farms. This tension is dominated by a 
lack of knowledge and uncertainty. A few respondents added a conflict between commercial and recreational 
fisheries and one mentioned issues related to aquaculture.  
 
No-one currently knows how off-shore winds farms will influence fishing in the Polish Marine Areas. Such 
investments are not currently planned in the Gulf of Gdansk, and it is not clear where they will be placed. The 
fishers worry about this lack of knowledge---not so much about a massive conflict for space, but the effect on 
marine ecosystems---the influence of off-shore on the sea bottom and of the noise generated by wind turbines, 
and possibly also the electromagnetic field itself on fish. They call for more detailed research before any 
permissions are granted. The spatial dimension of placing wind farms off-shore was also discussed, but the main 
worry here was the increased use of fuel if the shipping routes change to go around the farms.  
 
Nevertheless, the main conflict in the Gulf of Gdansk areas is between fishers and environmentalists, especially 
concerning the protection of marine mammals (harbour porpoises and seals) and birds (cormorants). All the 
fishers underlined that they are not against the protection of the environment, not even against the protection of 
these particular species. They do, however, protest against excessive protection measures. Unlike some 
environmental NGOs or scientists, the fishers do not believe the Baltic subspecies of harbour porpoise exist. 
According to the fishers, the individuals present in the Baltic Sea, and especially in the Gulf of Gdansk, migrate 
here sporadically from the North Sea. One of the respondents also recalled the theory according to which the 
Baltic subspecies must be extinct, if it ever existed at all. There were years in the Baltic Sea history when the 
whole sea was frozen so it was impossible for the harbour porpoises to survive. Another fisher mentioned that it 
was in the early 1980s when the last harbour porpoise was seen by any fisher, and that only a few harbour 
porpoises were observed in this region since WW2. Nevertheless, a prohibition of fishing with drift nets to prevent 
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by-catch of these animals was introduced, and the fishers were exposed to losses of up to € 125,000 each. No 
financial compensation was proposed.  
 
Similar problems are related to the presence of seals and cormorants. Seals cause considerable destruction in 
fisheries. In November and December 2011, individual fishermen’s losses in salmon and trout fishing ranged from 
50 to 90% of the total fish caught. Seals not only eat out the fish directly from the nets but also destroy the nets. 
There is hardly any research to measure the losses in fisheries caused by the seals, while this is crucial for any 
plans of compensation by the Ministry of the Environment. The respondents are also worried that no-one wants to 
talk about the maximum number of seals that can live in the Polish waters. The environmentalists are never 
willing to discuss these issues, even though in the Northern Baltic, in the Gulf of Bothnia, seals are regularly shot. 
They constitute such a danger in some parts of the Baltic Sea that the fishers have to use extra protection for fyke 
nets.   
 
Cormorants are even more of a problem. They are almost a plague. Once there were only present in the 
Mazurian lakes district, in the Vistula Lagoon, and perhaps in the Szczecin Lagoon. Now the range of their 
occurrence includes the Puck Bay, the Bay of Gdansk, and even open sea harbours. The damages caused by 
cormorants are enormous not only for individual fishers, but also when restocking is concerned.  Cormorants eat 
out small fish, including juveniles, so restocking fails. In addition, stocking has to be done after dark, otherwise 
the fry would be almost completely eaten out.  In Poland cormorants are under strict protection and there are no 
actions that would aim at controlling their population. Such activities are undertaken for example in Germany, 
where shooting cormorants is allowed.   
 
The fishers have also reported that environmental NGOs are difficult to talk with. One fisherman mentioned that 
environmental NGOs are impossible to deal with because they consider themselves “the only saviours of the 
Earth, while the rest of the society is only interested in destroying it,” and they believe that fishers “do not have 
the appropriate societal skills to be involved in decision-making”. This is slowly changing and the situation is 
improving but a compromise still seems to be rather distant.  
 
Shipping 
Shipping routes, anchorages and harbour approaches claim about 7% of the Polish Marine Areas (Węsławski et 
al. 2010). Out of three major Polish ports, Gdansk, Gdynia, and Szczecin, the first two lie in the Gulf of Gdansk. 
Gulf of Gdansk is intensively used, and the number of ships visiting these ports increases every year. In 2010, 
cargo turn-over increased by over 40% in Gdansk and over 8% in Gdynia, while passenger transport by over 6%, 
and 16%, respectively (Kalinowski et al. 2012).  
 
The representatives of the shipping sector are aware of this positive trend and they connect it to globalisation and 
increasing demand for imports in Poland. They notice that the economic crisis only slightly influenced the Baltic 
Sea routes, while its effect on other sea routes was more severe. The respondents noticed that they work in 
branches of international companies, and many decisions are taken elsewhere, with related organizational 
problems. The companies work together when dealing with ports, depots, and freight forwarders---rather 
smoothly, although it of course depends on a particular person and company. They consider current safety 
regulations and port-related regulations as relatively friendly and justified. They understand the environmental 
issues involved with transportation, but these are mainly related to requirements concerning ships and ship 
equipment, and these issues are not at the discretion of local representatives.    
 
The respondents do not see any conflicts over space that might refer to their sector. They see that the use of the 
marine realm is increasing but the shipping lanes are regulated under international agreements, and ports and 
other infrastructure will probably be supported at the central level. Shipping is too important to be ignored.  
 
Nature Conservation 
Protection of the environment is based on national legislation, international conventions, and EU legislation. The 
three most important forms of spatial protection of the environment present in the Gulf of Gdansk are:  
NATURA 2000 special bird protection areas; 
NATURA 2000 special habitat protection areas; 
Coastal Landscape Park.  
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Baltic Sea Protected Areas are an additional form of spatial protection.  Their creation has been proposed by an 
intergovernmental agreement -- Baltic Sea Action Plan – but they are established and managed according to 
national legislation and other voluntary actions (such as research projects).  The Bay of Gdansk is also subjected 
to national and international legislation concerning species protection----there are regulations concerning seals 
and harbour porpoises, and commercial and rare fish species.  
 
Currently there are no protection plans for marine NATURA 2000 sites in the Gulf of Gdansk, but the first plans 
should be ready early this year. Although specific measures are not in place, it is forbidden to undertake any 
actions that can negatively affect the state of natural habitats, protected species, or the integrity of NATURA 2000 
areas.  
The respondents agreed that there were two important changes in the nature conservation sector. First, Polish 
accession to the EU allowed for a new way of thinking---a new paradigm---in conservation. NATURA 2000 areas 
allowed for a clear definition of the objects and objectives of protection. Before they were introduced, everything 
was protected indiscriminately.  NATURA 2000 introduced more specific evaluation criteria, including numerical 
indicators and defined reporting periods. EC environmental legislation brought considerably more work for 
environmental agencies but it also introduced better and more flexible tools, and for some time the NATURA 
2000 network was practically the only tool that could be applied in marine areas. Second, European legislation 
brought forward the need for more active stakeholders and society involvement. This involvement, again, requires 
more workload from responsible institutions, but can potentially bring more legitimacy to environmental protection. 
As an indirect effect, transformation and Europeanization allowed for more active involvement of environmental 
NGOs. Bottom-up initiatives are now quite common in Poland and some of them have proven to be rather 
successful. 
 
Discussion 
Overall, the respondents believe that the marine environment is threatened by too many users. The main conflicts 
are between conservation and fishery, and conservation and tourism. One respondent noted that shipping and 
large oil platforms pose a significant danger to the marine environment, and was surprised that this issue is not 
widely discussed, in contrast to threats coming from tourism and fishing. By-catch and overfishing are important, 
but a lack of proper fishery management makes things complicated. Ineffective management focuses on each 
fish stock separately and trophic relationships are ignored. The respondents were surprised that fishers do not 
call for more marine protected areas. One respondent noted that individual fishers may lose, but the sector as a 
whole will gain if they are introduced---and the public interests should prevail. In some cases, compensation 
measures for lost profit could be introduced for a transition period. Effective management of all sectors, including 
fisheries, would be enhanced if marine spatial plans are prepared. The second important conflict is between 
conservation and tourism. The respondents believe that mass tourism is enhanced by local governments and is 
not properly regulated. Restrictions of surfing, kitesurfing, motor sports, and coastal urbanization are needed. 
Unauthorized coastal work, including tourism infrastructure, are difficult to deal with. Related judicial and 
administration proceedings take too long to be able to restore the areas to the desired or natural state.   
 

3.4 Synthesis	

 

3.4.1 Comparative	summary	of	the	Eastern	English	Channel,	German	Bight,	
the	Dogger	Bank,	and	the	Gulf	of	Gdansk	

 
As has been shown, the pressure applied to the spatial usage of European regional seas by various stakeholder 
groups is intense.  In all case study sites, the majority of stakeholders feel this pressure will only increase in the 
future, primarily due to proposals and plans for offshore wind farms, the newest entrants to these busy seas.  In 
some case study areas, such as the eastern English Channel and Dogger Bank, applications have already been 
approved with construction planned; in the German Bight wind farms already exist and at least in the Dutch part 
new proposals have been made14.  In others, such as the Gulf of Gdansk, such developments are further away- 

                                                           
14 There are, of course, many wind mill farms throughout the North Sea; there are simply none operational yet in the case 
study area of the Dogger Bank. 
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and unlikely to happen soon due to legal constraints, yet the uncertainty of impacts, such as on fishing, is a cause 
of great concern.   
 
Of all the stakeholders groups, the fisheries group was the only one addressed by both Section 2 and Section 3 
and thus can be compared across all case study areas: eastern English Channel, the Dogger Bank, the German 
Bight, and the Gulf of Gdansk.  Fishing is one of the oldest activities in all four of the case study areas and though 
fishers in each area tend to use different gears and face different pressures, there are a number of similarities 
among them.  These pressures include: regulatory pressures, competition with other users, and area restrictions.  
Stakeholder conflicts as perceived by stakeholders are synthetized in the Table below. 

 

Spatial 
Conflicts Fishing 

Conservation / Closed 
areas 

Shipping / 
transport 

Oil and 
gas 

Wind 
farms* Aggregates 

Fishing 
EC; GB; 
GG EC; DG; GB; GG  GB DB; GB 

EC; GG; 
GB EC 

Conservation EC     DB 
EC; DB; 
GG   

Shipping / 
transport  GB           

Oil and gas   DB         

Wind farms* EC DB         

Aggregates EC           

EC 
English 
Channel GB German Bight 

* viewed as a potential 
conflict 

DB 
Dogger 
Bank GG Gulf of Gdansk 

 
 
 
 

3.4.2 Summary	of	competition	fisheries	are	subject	to	

 
Regulatory pressures 
In all case studies, the fishing industry faces regulatory pressures.  A large number of fishers catch quota species 
and, with the TAC limits imposed in recent years, combined with high operating costs and uncertain futures, are 
in decline.  In the Gulf of Gdansk, given their status as a relatively new MS, Polish fishers face additional 
pressures resulting from the “growing pains” associated with recently coming under EU regulations such as the 
CFP.   
Furthermore, many area closures in the case study areas, especially the English Channel, the Dogger Bank, and 
the German Bight, are driven by MS and EU policies such as the Habitats and Bird Directives and the new Marine 
Strategy Framework Directive (EU) and the Marine Coastal Access Act (UK), limiting the area available for 
fishing.   
 
Competition with other users 
In all case study areas spatial competition with other users was viewed as a concern for fishers, including in 
regards to the unknowns associated with future users.  Currently, in the German Bight, competition stems from 
wind mill parks, maritime traffic, other fishers and area conservation closures, both temporary such as spawning 
sites as well as those of a more permanent nature such as Natura 2000 sites.  Competition with conservation 
area closures is also found in the English Channel and the Dogger Bank. 
Competition for space is also found among different groups of fishers themselves.  This was particularly an issue 
in the eastern English Channel where boats using different gear come from further afield (e.g. Belgium and the 
Netherlands), competing with local (UK and FR) boats for space, but is also an issue in the German Bight. In the 
Gulf of Gdansk this competition is present but arises mainly from the way the quotas are divided. Competition for 
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space is less important in this dispute.  Competition among differing fishing subgroups is not an issue in the 
Dogger Bank.   
The marine aggregate industry has its longest history in the UK portion of the English Channel and there they are 
viewed as being the greatest limiting factor for fishing, after conservation.  The issue with aggregates is the 
seabed is altered thus, even once a space opens up again it is no longer suitable for the same fishing activities to 
take place.   
 
Future concerns 
The concern for the future stemmed from the view that the seas are already fully exploited (e.g. Gulf of Gdansk), 
leaving no room for new industries (e.g., renewable energy in the Channel, Dogger Bank and Gulf of Gdansk), or 
rather, meaning space awarded to new industries would come from areas where old industries had been 
operating, thus constricting their activities.      
 

3.4.3 Summary	of	competition,	outside	of	fisheries	

 
In some areas, competing stakeholders have found ways to work together for integrated spatial management, 
such as in the English Channel and the Dogger Bank, in others such as the Gulf of Gdansk, they are only now 
learning how to work together.  In the UK, especially, a great deal of effort has been put into stakeholder 
involvement such as with their Balanced Seas project.  The primary complaint with this was the timeline was too 
short; once stakeholders learned to communicate and work together, then the time was up.  Additionally some 
stakeholders, in this case conservationists and aggregate extraction, came together to push for similar aims, 
showing that some alliances can take place even between traditional “competitors.” 
 
In the Dogger Bank groups have also come together to manage the area, in this case with the special area of 
conservation (SAC) management plan, with negotiations taking place with relevant stakeholders in a Dogger 
Bank Steering Group and with management scenarios proposed to the North Sea RAC.    The primary difference 
with the Dogger Bank is some groups became disillusioned with the process, in this case, conservationists, and 
they have refused further participation in the process given the expense, and what they view as too many 
compromises in favor of industry.  
 
In the English Channel, groups in general seem to compromise and come together, despite differences. The UK 
also has formed statutory bodies whose role is to liaise with industry to help minimize impacts on the 
environment. 
 
In contrast, on the Dogger Bank and in the Gulf of Gdansk, conservationists and other groups appear less willing 
to compromise, making integrated management much more challenging.  “[..] Recent marine spatial plans in 
European countries, e.g., Belgium, Germany, the Netherlands, and the UK, focus on managing the multiple uses 
of marine spaces as whole. While marine protected areas in these countries remain an important aspect for 
marine conservation, they are considered in the wider context of an MSP strategy designed for the entire area 
that balances them with the need to ensure economic growth and stability and biodiversity considerations outside 
the protected area” (Douvere 2008). In the Dutch situation most consultations are with other federal agencies, 
major marine industry sectors, and public review of plan documents. The Dutch respondents however don’t think 
they have any influence on these developments. 
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B.  Forecasting the behaviour of human agents operating 
in a common maritime domain 

 

1 .	 Short‐term	 effect	 of	 windfarms	 and	 MPAs	 on	 fishing	 fleets:	
individual	stress	level	analysis	in	the	North	Sea:	

 
Section Authors: Hamon, K.G., Schulze, T., and Simons, S. Individual Stress Level Analysis. 
 
Section Abstract 
In this study we used the spatial data of the Vessel Monitoring System (VMS) coupled with logbooks to assess 
the stress potentially caused by the closure of fishing areas. The stress was expressed in financial terms as the 
percentage of current revenue obtained from catch coming from areas to be closed. It is therefore not a precise 
prediction of the real loss, but rather a measure of the maximum loss that would occur under the respective 
scenario if no compensation through effort relocation occurs. 
 
We used the A2 and B1 scenarios as applied in other VECTORS WPs to design potential closures due to wind 
farms, nature conservation areas and maritime traffic in the North Sea and we calculated the stress caused by 
the closures on the Dutch and German 2010 fishing fleets. We here developed a method to estimate the potential 
stress for the fishing fleet that would result from area closures expected with the respective scenario. In this, 
“stress” is measured as potential loss of revenues per individual vessel, eventually aggregated per harbour or 
fleet. The scenarios investigated envisage large closures leading to stress levels of 7 to 15% for the Dutch fleet 
and 0.5 to 3% for the German fleet. Almost all of the Dutch vessels would be impacted by the closures (more than 
90% of vessels in both cases) while the German fleet would be considerably less impacted (around 45% of 
vessels impacted for A2 and 55% for B1). All Dutch harbours will have seriously impacted vessels (loss of >15% 
of revenue on average/ per vessel) for both scenarios, although the proportion of impacted vessels is higher in B1 
scenario, especially in the southern harbours. The German harbours are less impacted with Büssum hosting most 
vessels that would experience reduced revenues. 
 
Introduction 
 
General background 
With the development of new marine activities such as energy (wind farms, oil and gas extraction), maritime 
traffic and the increase of areas reserved for nature conservation (e.g. natura 2000 areas) the space available to 
fishing is shrinking. Because the closure of marine areas has a strong impact on their livelihood, the fishing 
industry wants to be part of the discussions on the selection of areas allocated to other activities than fishing. 
Areas can be very heterogeneous in terms of productivity, catch rates and catch composition making them more 
or less profitable for exploitation. 
 
In the North Sea, we expect to see an increase of energy and nature conservation related closures and fishing 
restrictions in shipping lanes. Those closures will largely affect the marine activities as we currently know them. 
For decision makers, the knowledge of the outcome of a change in the access to a maritime area on the different 
users is crucial for successful management. However, the exact outcome is difficult, if at all, to determine. But 
some techniques exist to estimate the outcome of different management scenarios. Models like FISHRENT 
(Section 2.2) give the possibility to test different scenarios against each other and aim at forecasting the overall 
resulting economic parameters of the fisheries and the status of biological compounds taking into account the 
spatial redistribution of effort at the ICES rectangle level. In contrast, the approach of an individual stress level 
analyses (ISLA) used here presents a method at a much higher spatial resolution, which allows for comparing 
fishing effort and revenues depending on management scenarios, thereby estimating the potential impact of 
spatial closures on the fisheries sector. 
 
Aims and objectives 
In this approach logbook, landing and vessel monitoring system (VMS) data of commercial fisheries are used in a 
multi-step method to calculate the “stress level” (SL) of the fishing sector. SL is defined as percentage of 
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The fishing activity is then compared to the area closures. Indicators were calculated at different levels of 
aggregation. First the “revenue stress levels” were calculated for the national fleets as the percentage of the 2010 
revenue in areas that would be closed in the future following the scenarios described in Figure 46 (“revenue 
stress level”  = max. % of revenues lost if no compensation in other areas occurs; relative to the revenues of the 
year analysed). Then, individual revenue stress levels (ISLrevenues) were calculated for every vessel in the analysis 
using the same method as for the national fleets. ISL were categorised into 11 classes (0%, >0 to 10%, >10 to 
20%; ...) used to visualize the stress profile of national fleets and harbour communities.  
 
To investigate whether some fishing activities were more likely to be impacted by closures than others, the main 
gear used by a vessel within the year (for at least 50% of its effort) was used to classify vessels into fleets (see 
Table 19). Vessels for which no main gear could be identified were classified as “others”, OTH. Dutch vessels 
were assigned to their port of origin. The harbour is used to explore the potential impact of area closures on 
coastal communities.  
 

Table 19. Gear definitions and aggregations used. Numbers of vessels for the Netherlands (NLD) and Germany 
(GER) in italics. 

MBC Mobile bottom contact gears 
  TBB NLD: 108 

GER: 7 
 Beam trawl targeting mostly flatfish 

  TBS NLD: 37  
GER:174 

 Beam trawl targeting brown shrimp 

  DTS NLD: 53  
GER:44 

 Demersal trawlers and seiners 

    OTB Otter trawls targeting mostly flatfish 
    SSC Fly shooting seines 
    SDN Danish seines 
    PTB Bottom pair trawl 
    SB Beach seines 
PG Passive gear NLD: 204  

GER:5 
  

  GNS   Gill nets 
  GTN   Trammel nets 
PEL Pelagic gears    
  PTS NLD: 37  

GER:6 
 Pelagic trawl and seine 

OTH Other gear NLD: 20  
GER:7 
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2 .	Medium‐term	effects	of	 spatial	or	 resources	 restrictions	on	 fleet	
dynamics:	towards	integrated	models	

 

2.1 Fishing	fleets	competing	for	quota	in	the	Eastern	Channel:	an	IBM,	
bio‐economic,	approach	

 
The following study is due to be published as a paper with the following reference: 
Batsleer, J., Poos, J.-J., Marchal, P., Vermard, Y., and Rijnsdorp, A.D. 2013. Mixed fisheries management: 
protecting the weakest link. Marine Ecology Progress Series, 479, 177-190. 
 
Section Abstract 
North Sea cod (Gadus morhua) is outside safe biological limits and total allowable catch (TAC) management has 
proved ineffective to rebuild the stock. The European Commission is considering imposing a discard ban to 
preserve vulnerable and economically important fish stocks. We explore the potential effects of a discard ban in 
mixed fisheries management using the French mixed fisheries in the Eastern English Channel as a model 
system. We examine in particular the performance of two different management scenarios, (i) individual quota 
management with a tolerance for discarding and, (ii) individual quota management in combination with a discard 
ban, using a dynamic state variable model. The model evaluates a time series of decisions taken by fishers to 
maximize profits within management constraints. Compliance to management was tested by applying a tax for 
exceeding the quota, which is varied in the study. We then evaluate the consequences of individual cod quota in 
both scenarios, with respect to over-quota discarding, spatial and temporal effort allocation and switching 
between métiers. Individual quota management without a discard ban hardly influenced fishers’ behaviour, as 
they could fully utilise cod quota and continue fishing other species while discarding cod. In contrast, a discard 
ban forced fishers to reallocate effort to areas and weeks where cod catch is low, at the expense of lower 
revenue. In general, a restrictive policy for individual quota for cod needs to be combined with a discard ban and 
a high tax to reduce over-quota discarding.  
 
Introduction 
Fishing is an important socio-economic activity providing food and employment (FAO 2008) but is criticized 
because of its adverse impact on exploited fish stocks and marine ecosystems. In this context, throwing 
overboard dead fish that has been caught in the net (“discarding”) is often considered a wasteful practice that has 
adverse effects on fish stocks while not contributing to the harvesting of food (Alverson et al. 1994, Kelleher 
2005). 
 
The practice of discarding is mainly driven by economics and management. From an economic perspective, low 
valued fish of quota species are discarded (high-grading) in the expectation to catch more valued fish later (Gillis 
et al. 1995b), while regulation of mesh size and minimum landing size determine the discarding of undersized fish 
(Cappell 2001, Graham & Fryer 2006). TAC regulations also create an incentive for fishers to discard fish caught 
over-quota, especially in mixed fisheries (Daan, 1997; Reis, 2010), and they have often proved unable to control 
fishing mortality around sustainable levels (Daan 1997, Rijnsdorp et al. 2007, Ulrich et al. 2011). 
 
The European Commission is considering a discard ban in combination with individual, and possibly transferable, 
quota to prevent the waste of food, to reduce fishing impacts on the ecosystem, to preserve vulnerable and 
economically important fish stocks and to improve scientific advice (Anon. 2011, Buisman et al. 2011). Under a 
discard ban, all catches of both target and by-catch species should be landed and will be deducted from the 
individual quotas. At present, a discard ban is under consideration and pilot studies on its ecological and 
economic impacts have started (Catchpole & Gray 2010, Buisman et al. 2011). 
 
Fishers are expected to adjust their behaviour to maximise their utility, given prevalent management regulations 
(Gordon 1953, Hilborn & Kennedy 1992). Hence, fishers may respond to management regulations by trading-off 
economic gain against the cost of non-compliance. Adaptive behaviour of fishers, e.g. reallocation of effort to 
other species, fishing grounds or seasons, is an important management concern (Salas & Gaertner 2004, Poos et 
al. 2010). Further studies on the adaptive behaviour of fishers may be useful to explore the scope for responses 
that undermine the effectiveness of a certain management system. A fisheries manager needs to trade-off socio-
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Métiers and years were entered as discrete variables; engine power, mesh size, area (i.e. geographic midpoint of 
the ICES rectangle) and day of the year (DoY) were entered as continuous variables (Table 21). The interaction 
between area and DoY was included to model the seasonal changes in distribution. Because vessel length and 
engine power are highly correlated (0.9), we decided to only include engine power due to its presumed larger 
influence on the catch efficiency (Rijnsdorp et al. 2006). Mesh size was included as it may indicate the target 
species, for example the 90 mm mesh size in trammel nets is used to target sole, while larger mesh sizes 
(120mm-180mm) are fitted when targeting cod. Finally, the variable year was used to capture differences in 
landings per unit of effort between the years.  
 
The next step is to select a model, using forward selection based on the Bayesian Information Criterion (BIC). 
Forward selection starts with an empty model, fitted with the intercept only. Then covariates are added 
sequentially based on the BIC in order to obtain the “best” model. When the best covariate structure is found, we 
applied a GAM to come to a final model. This final model was used to predict the spatial and temporal patterns in 
catch rates for each of the species and vessel–gear combinations. 

 

Table 21. Model components used to describe variation in catch rates. “te” stands for tensor product smooth. 
Variables métier and area (i.e. geographic midpoint of the ICES rectangle) are discrete variables and engine 
power, mesh size, year and day of the year (doy) are continuous variables. 

Explanatory variable Model component 

Métier factor(GE_UNI) 
Engine power te(ve_hp, k=4, by=factor(tactic)) 

Mesh size te(GE_MSZ, k=4, by=factor(tactic)) 
Year factor(FT_YEAR) 

Spatio-temporal interaction  te(lon,lat,doy, bs=c("tp","cc"), d=c(2,1), k=5) 

 

Simulation Model  
Our model is based on Dynamic State Variable Modelling (DSVM) (Houston & McNamara 1999, Clark & Mangel 
2000). The DSVM is an individual based model that has been used to predict the behaviour of animals (Mangel 
1987, Clark & Butler 1999) as well as fishers (Gillis et al. 1995b, Poos et al. 2010, Dowling et al. 2012). We 
expanded the model of Poos et al. (2010) to two fishing fleets targeting a mix of species that were constrained by 
annual individual cod quota. A discard ban was modelled by incorporating a tax to discourage over-quota 
discarding. Each individual vessel in the model has a set of choices, allowing it to respond to management 
regulations and economic opportunities. In each time-step a fisher can choose simultaneously: (1) to go out to 
fish or to stay in port, (2) a métier, (3) a fishing ground and (4) to discard. 
 
A vessel evaluates its optimal annual strategy in terms of biweekly behavioural choices, based on a utility 
function. This utility function describes the result of choices in a single currency. We use the annual net revenue 
(φ) as the currency that a fisher wants to optimize (Gordon 1953, Poos et al. 2010).  

 




 
5

1
51 )()(),(

i
eii DEppLEL       [4] 

 
The net revenue is defined as the total quantity landed of each species (Li) weighted by each species price (pi); 
minus the variable fishing costs. Variable fishing costs consist of total fuel cost; i.e. total effort (days) (E) times 
fuel costs per day (€/day) (pe); and a tax for overshooting the quota (D). Compliance to management was tested 
by exploring the effect of different tax values. Fines increased from one to twenty times current cod price. These 
fines are equivalent to those imposed for catching abalones illegally, i.e., ten times landing price (Bose & Crees-
Morris 2009). 
 
Parameterisation of the model was based on individual vessels, assuming Boulogne-Sur-Mer was their home 
harbour. For each time step, a vessel chooses a métier and one fishing ground (out of 20). Each combination of 
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métier and fishing ground is characterized by a mean (µ) and variance (θ) of the catch rates for each species 
estimated by the GAM. Also, the combination of métier and fishing ground determines the amount of effort 
required for the fishing operation. The unit of total effort in the model is days at sea and consists of the summed 
actual fishing time and travel time required to reach the fishing ground. The fishing time was estimated from the 
2001 data at 3.1 days for a trawler and 3 days for a netter. Travel time depends on the distance from port and 
was calculated from the distance in nautical miles (Nm) in a straight line from the harbour of Boulogne-Sur-Mer to 
each fishing ground. Assuming a steaming speed of 10 nautical miles per hour for an otter trawl and 6 nautical 
miles per hour for a netter (Messina & Notti 2007) and taking account of the number of trips observed per time 
step (2-week period), we calculated the travel time needed to reach a fishing ground. If a fisher decides to stay in 
the harbour, nothing is caught and no effort is used. 
 
The costs associated with using fishing effort depend on the fuel use in the model. Fuel costs per day are 
estimated to be 1800€ for trawlers and 1300€ for netters and are equivalent to approximately 35% of the gross 
revenue (Taal et al. 2009). The final element for the parameterization is the market value of the target species. 
We choose to use fixed market values for each species, determined by the average price per kg within our 
dataset. Table 22 includes detailed information on the parameters and their values used in the model. 
 

Table 22. Summary of parameter values included in the model. 

 Trawl Net 

Engine power (kW) 440 160 
Mesh Size (mm) 80 90 

Fuel costs per day (€) 1800 1300 
Fishing effort (hours) 75 72 

   
Market value (€ per kg)   

Sole  9.42 
Cod  2.43 

Plaice  1.99 
Whiting  1.40 

Mackerel  0.99 

 
Results 
 
Statistical analysis  
The GAM models best explaining the variation in LPUEs included all covariates (Table 23). The variable engine 
power was selected and added as first variable in explaining the spatial and temporal variation in distribution of 
whiting and plaice, while métiers was the first variable for sole and mackerel. The selection of métiers within all 
five models reflects our classification of both fleets into two métiers. Within the cod model, mesh size was added 
as the first variable, which confirms our expectations that larger mesh sizes are preferred when fishing for cod. 
The last variable that was added in all the models was the year. Further analysis for cod shows that landings are 
significantly (p <2e-16) lower in the years 2004 and 2005. Lower landings are likely to be related to the low 
abundances and weak recruitments of cod during that period (ICES 2010). 
 

Table 23. Final model results for all five species. All covariates are selected for all five species. LPUE = mesh 
size + area*DoY + year + engine power + métier + offset. 

Species Log-likelihood Dev.exp Theta (θ) 

Cod -169261 31.0% 0.185 

Whiting -210053 28.3% 0.252 
Sole -124632 97.8% 0.192 
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Hence, imposing a high tax would be a contributing factor to deter fishers from rule-breaking behaviour (Bose & 
Crees-Morris 2009, Jagers et al. 2012). In our model, we assume a 100% detection rate while realistically rule-
breaking behaviour of fishers may not necessarily be detected. Some fishers may trade-off economic gain and 
the risk of paying a high tax. This implies even higher fines should be considered to obtain full fisheries 
compliance. Yet, assessing the risk of being detected is beyond the scope of this paper.  
 
In this study we have focussed only on one component of the discard problem, the over-quota discarding. Fishers 
in the EU, however are forced to discard catches below the minimum landing size (MLS) and discard non-
commercial species. These discards are particularly high in mixed fisheries that target multiple species with 
different selectivity characteristics relative to the minimum landing size, such as in the roundfish, flatfish and 
Norway lobster fisheries (Rijnsdorp & Millner 1996, Cappell 2001, Catchpole et al. 2005). Also high-grading may 
occur when fishers discard part of their less valuable marketable catch to increase their revenue. By ignoring 
these other types of practices, we will underestimate the overall level of discarding in these fisheries (Gillis et al. 
1995a, Poos et al. 2010, Depestele et al. 2011). 
 
The DSVM approach is particularly appropriate to address these issues and could also be applied to the problem 
of high-grading as well as discarding undersized and non-commercial fish. A study of Dowling et al (2012) 
showed that by including price dynamics into a stochastic dynamic programming model the behavioural response 
of fishers towards market value fluctuations may be studied. Due to lacking knowledge, however on processes 
underlying fish price setting, our model assumes a fixed market value for each species throughout the year. The 
strong numerical power of these models demands high computational resources. Therefore, key descriptors such 
as abundance, catch and market price were not classified into different size classes, because this would increase 
complexity and drastically increases the dynamic programs’ computational requirements, i.e. curse of 
dimensionality" (Clark & Mangel 2000). Hence, each species was modelled as a homogeneous group of 
marketable fish. 
 
Discard reduction is on top of the agenda of EU fisheries managers. At the time of writing the EU is considering a 
mandatory discard ban as part of the reform of this policy (Anon. 2011). In 1987 Norway introduced a discard ban 
causing younger and smaller species to be landed. Our first management scenario corresponds to the initial 
Norwegian regulations before they implemented a discard ban. Fishers would land their total catch, but discards 
are confiscated without being deducted from the individual quota, and without receiving a financial compensation 
for landing discards. The second scenario resembles a complete discard ban on marketable fish, whereby all 
catches are landed and are deducted from the quota. In Norway the introduction of a discard ban reduced the 
waste of resources (e.g. finding alternative use), improved estimates of fishing mortality and scientific knowledge, 
which in turn supported the recovery of Northeast Arctic fish stocks(Diamond & Beukers-Stewart 2011). Up to 
now, it is unclear how the EC intends to implement a ban and the Commission could also adhere to alternative 
ways of discouraging discards. 
 
Many fishers’ behaviour studies have presumed that fishers are entirely driven by economic interests (Gordon 
1953, Hilborn & Walters 1987, Poos et al. 2010). The relevance, however, of tradition, past experiences and 
information exchange on fishers’ behaviour has been studied (Holland & Sutinen 2000, Little et al. 2004, Marchal 
et al. 2009) and could be taken into account when modelling multi-annual management scenarios. Because we 
only explore the consequences of our management scenarios over one year, our model assumes opportunistic 
behaviour towards maximizing expected profit.  
 
Our model ignores vessel aggregations hereby excluding interactions. These interactions, through information 
sharing, exploitation and interference competition may affect catch rates of vessels. Information sharing among 
vessels about local fishing grounds for example, may increase catch rates. By contrast, exploitation competition 
due to an increased density of vessels with a shared exploitation of common resources may reduce catch rates, 
as does interference competition due to direct, physical hindering of a fishing operation or indirectly, due to local 
depletion of target species (Gillis 2003, Poos and Rijnsdorp 2007b). The effect of information sharing and both 
elements of competition were beyond the scope of this study and will be investigated in depth in a companion 
study. 
 
The methods and results of this study will be generally relevant to other mixed fisheries systems. The specific 
results depend on the parameterisation for a specific case. A fisher will choose the most profitable fishing ground, 
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characterized by low fuel costs, high catch rates of the most valuable species and sufficient quota availability 
(especially under the discard ban). In our model, fuel cost is approximated at 35% of gross revenue. However, in 
the English Channel operating costs of gillnetters and beam trawlers are estimated to be 20% and 50%, 
respectively (Marchal et al. 2011). If costs are higher fishers may spend less time at sea or fish closer to port 
(Poos et al. 2010). Hence, differences in fuel costs may influence the catch composition and discard rate. Also, 
we considered the study area as a single management unit, although it belongs to two different management 
units (subdivisions IVc and VIId). Since 2009 the eastern English Channel (subdivision VIId) was allocated a 
separate cod TAC (i.e. 1600 tons in 2011) from the North Sea (subdivision IV) cod TAC (i.e. 26800 tons) (ICES 
2011) and the French fleet receives a larger proportion of cod TAC (ca. 84%) VIId, compared to that in IV (ca. 
4%). The results of our model should therefore be adapted before being used by managers. 
 
Mechanistic models are increasingly being used to analyse vessel fishing behaviour (Little et al. 2004, Poos et al. 
2010, Dowling et al. 2012). These models are independent of historical patterns and have strong predictive 
power, making them ideal tools to analyse fisheries responses to new management regulations (Dowling et al. 
2012). Commonly, fishers behaviour is based on economic interests while alternative utility functions with less 
emphasis on economic interests, such as tradition or information sharing could be included (Little et al. 2009). 
However, this would require a more extensive understanding of the rationale of fishers’ behaviour. Fisheries 
management is a complex system, whereby a manager must take interests and concerns of many stakeholders 
into account. Our spatially explicit effort allocation model proves to be a useful tool to evaluate conservation and 
economic trade-offs and enables managers to visualize consequences of new management scenarios, such as a 
discard ban. 

 
 

2.2 Fishing	fleets	competing	for	space	with	other	sectors	of	activity	in	the	
North	Sea:	application	of	the	FISHRENT	bio‐economic	model	

 

2.2.1 Northern	North	Sea	(saithe	fishery)	application	

 
The following study is due to be published as a paper with the following reference: 
Simons, S. FishRent: a bioeconomic model of fleet dynamics in the North Sea saithe fishery. Submitted to ICES 
Journal of Marine Science. In review. 
 
 
Section Abstract 
 
Regulations and changes in market and environmental conditions may change the profitability of one fishery and 
can lead to reallocation of fishing effort. The extent of this effort displacement will depend on the relative 
profitability of the alternative options for the fleet segments affected. When fishing areas and fleet segments are 
heterogeneous, simple aggregate effort models such as those based on the ideal free distribution theory, may 
provide inaccurate predictions. A bio-economic optimisation and simulation model is applied to explore how the 
different conditions of A2 and B1 impact the fishing effort allocation and the distribution of benefits across fleet 
segments from different nations. In the model the optimization of net profits determines the effort adjustment and 
the investment behaviour of fleet segments, which in turn affect the level of catch rates. This tool was applied to 
the North Sea saithe fishery. For B1 and A2 there was a spatial heterogeneity of the fishing effort observed with 
shifting effort through the year. As profit was maximised, effort aggregated in those areas where the costs of 
fishing (e.g. fuel cost) were low. The simulations demonstrate that A2 and B1 will have heterogeneous impacts on 
individual fleet segments from different nations and home ports. Even when A2 or B1 did result in little change in 
overall net profits, there were winners and losers, and the distribution of gains and losses may not be intuitively 
obvious. 
 
Introduction 
 
Regulations and changes in market and environmental conditions may change the profitability of one fishery and 
can lead to reallocation of fishing effort. The extent of this effort displacement will depend on the relative 
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profitability of the alternative options for the fleet segments affected. When fishing areas and fleet segments are 
heterogeneous, simple aggregate effort models such as those based on the ideal free distribution theory may 
provide inaccurate predictions (Hilborn and Ledbetter, 1979; Campbell et al., 1993; Gillis and Peterman, 1998).  
The approach is based on a bio-economic optimisation and simulation model called “FishRent” (Salz et al., 2011).  
It includes the economics of multiple fleet segments and their effort distribution which is based on optimizing the 
profit of the whole fishery. The model includes 5 fleet segments of the North Sea saithe fishery. A basecase 
scenario is contrasted with the A2 and B1 scenarios to forecast the effects on fleet dynamics. In particular, 
simulations explore how the different conditions of A2 and B1 impact the fishing effort allocation and the 
distribution of benefits across fleet segments from different nations. 
 
Materials and Methods 
 
The North Sea saithe fishery as a case study 
Saithe (Pollachius virens) is of major economic importance for North Sea fisheries, with annual landing values of 
around 15 million Euros (Anderson and Guillen, 2009). It is targeted by Norwegian, French, German, English, 
Danish, and to a small extend Swedish trawlers (ICES, 2012). There exists an EU-Norway long-term 
management plan for North Sea saithe. This plan involves a harvest control rule (HCR) with annual Total 
Allowable Catches (TACs), and reference points. Blim is the reference point for SSB, below which recruitment is 
impaired with a high probability (ICES, 2010; Lassen and Medley, 2001). Bpa is the precautionary reference point 
for SSB, below which the stock would be regarded as potentially overfished (ICES, 2010; Lassen and Medley, 
2001). Ftar is the average fishing mortality for age class 3-6 that is set as a target (ICES, 2010; Lassen and 
Medley, 2001).  In the long-term management plan Ftar is set to 0.1 (Ftar-low), when SSB is estimated to be below 
the minimum level of 106 thousand tons (Blim) (ICES, 2013). Usually fishing mortality is around 0.4, a Ftar of 0.1 is 
hence a strong reduction. Where SSB is above 200 thousand tons (Bpa), the parties agreed to restrict fishing on 
the basis of a TAC consistent with a target fishing mortality of 0.3 (Ftar-up) (ICES, 2013). In the case where SSB is 
estimated to be between Bpa and Blim the target fishing mortality rate (Ftar-mid) is calculated as  
 

௧ିௗܨ	 ൌ ௧ି௨ܨ	 െ ൫ܨ௧ି௨ െ	ܨ௧ି௪൯ ∗
൫ܤ െ ൯ܤܵܵ

൫ܤ	 െ	ܤ	൯
 

 
Scenarios 
The North Sea and Skagerrak were subdivided by the grid of ICES rectangles (30 x 30 nm²) (Figure 60). All ICES 
rectangles of the North Sea and Skagerrak were included in the model, but to highlight the main results a focus 
was laid on three zones, covering the spawning and partly the feeding grounds of North Sea saithe as well as the 
main fishing grounds of the modelled fleet segments (Figure 60 and Figure 61).
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Bpa (200 000 tons). A temporal area closure of the spawning ground of North Sea saithe was applied for 
B1 during the first quarter of the year (Table 1).  
 

Table 24. Description of the scenarios 

Scenarios Fuel prices Fish prices HCR Area 
closures 

Varying 
recruitment 

Basecase - - Annual TAC can 
change by more than 
15% when SSB < Bpa 

- Yes 

A2 214% 
change  

135% 
change  

Annual TAC can 
change only within 
15% 

- Yes 

B1 176% 
change  
 

116% 
change  
 

Annual TAC can 
change by more than 
15% when SSB < Bpa 

Spawning 
ground  
 

Yes 

 
Settings 
The model was run from 2007-2050. For the years 2007-2009 the low recruitment values from the 
official assessment from 2012 (ICES, 2012) were used (Figure 62). For the following years recruitment 
was predicted based on stochastic simulations applying a Beverton and Holt stock-recruitment 
relationship (Figure 62). This kind of sochasticity was added to the originally deterministic model, as a 
failure of recruitment is an important driver of the North Sea saithe fishery right now. The model 
accounted for four fleet segments with North Sea saithe either as a main target or important by-catch 
species, covering vessels from Denmark, England, France and Germany (see main home ports Figure 
60). According to the Data Collection Framework (DCF) fleet segments were classified by vessel length 
and predominant gear type (COMMISSION DECISION, 2009). The calibration of the model was based 
on average biological and economic data for the period 2005-2007  (ICES, 2012; Anderson and Guillen, 
2009).  
 

 

Figure 62. From 2007-2009 observed recruitment values. From 2010-2050 onwards median recruitment 
values (solid lines) with 5 and 95% intervals (dotted lines) based on 1000 iterations. 

 
Model description 
The presented modelling approach is based on a bio-economic optimisation and simulation model 
called “FishRent” (Salz et al., 2011). It is a dynamic feedback model and is composed of six sub-
modules (Figure 63). The individual fish growth, fishing and the movement of species is modelled on a 
monthly time step. The profit maximisation, the ageing of fish, the spawning and recruitment event, the 
calculation of costs and the fleet size adjustment are modelled on an annual time step.  It is a model of 
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results also illustrate how fishermen’s behaviour in response to A2 and B1 conditions can impact the 
results of management measures.  
 
A temporal area closure when fish tend to aggregate may reduce fishing mortality quickly even if the 
total effort remains constant. Such an area closure was imposed in the simulations of B1.  Fishing 
efficiency was reduced considerably when effort was reallocated to areas where CPUE was lower. The 
simulations indicate that the conditions of B1 (a strict HCR combined with a temporal area closure) may 
lead to increasing long-term net profits and SSB. However, area closures are known to also impact 
other species. This might be of importance when analysing the impacts of A2 and B1 for a mixed 
fishery. In particular, increases in catches and net profits from stocks that receive protection from the 
area closure may be offset by a reduction in catches and net profits from stocks that absorb displaced 
effort. Thus, the effect of temporal area closures are likely to vary across species.  
 
Simulation results demonstrate that B1 and A2 conditions will have heterogeneous impacts on different 
fleet segments. Based on simulation results effort tends to concentrate where fish abundance is high, 
but economic costs also play an important role in effort allocation. As costs (i.e. fuel costs due to long 
distances from port) associated with each area differed between fleet segments, profit rates varied also 
considerably between fleet segments and areas, resulting in the spatial heterogeneity in the fishery. 
 

2.2.2 	Southern	North	Sea	application	

The following study is due to be published as a paper with the following reference: 
Hamon, K., and Bartelings, H. Spatial FishRent Analysis. 
 
General background 
In this study we will simulate how closures on the NorthSea due to various reasons and changes in fuel 
costs and fish prices will impact the profits of the Dutch fishing fleets. We will also simulate how the 
fishing fleets will develop due to changes in fishing space and prices, thus being able to estimate the 
economic viability of the fishing fleets in the North Sea between 2010 and 2030. 
 
For these simulations we have applied the spatial version of FishRent. FishRent is a bio-economic 
model which simulates fishermen behaviour based on optimal effort allocation. It can take into account 
the environmental drivers through changes in the stock, the economic drivers like changes in the fuel 
prices and proposed management measures like the implementation of Natura 2000 sites and simulates 
the catches and profits for the next 25 years. The model generates basic economic indicators such as 
gross value added and net profits. The model also generates a variety of other outputs, e.g. size of 
stocks and fleets, production costs, catches and landings. More information about FishRent and the 
methodology used in FishRent can be found at: http://www3.lei.wur.nl/fishrent/. 
 
Aims and objectives 
To test the outcome of future management two scenarios were investigated. Those scenarios were 
drawn from the Vectors wide scenarios A2 and B1 (see section B.1 this deliverable) with the following 
assumptions for the development of wind farms, nature conservation areas and maritime traffic. 
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Table 25. Description of the closure scenarios. 
 A2 B1 

Wind farms  50% wind farms 
DE+NL+DK  coexist scenarios 
UK  phase 1 and 2 of current 
plans 

100% wind farms 
DE+NL+DK  coexist scenarios 
UK  phase 1, 2 and 3 of current plans 

Nature 
conservation 

Some MPA closed  
DE+NL  areas for mobile gears 
closed (coexist) 
DK  all closed 
UK  close offshore planned 
MPAs 

All MPA closed 
DE+NL  all closed (coexist) 
DK  all closed 
UK  close offshore + inshore planned MPAs 

Transport No extra closure Closure of area exclusively for maritime traffic 

Fuelprice Increase of 114% by 250 Increase of 76% by 2050 

Fishprice Increase of 35% by 2050 Increase of 16% by 2050 

 
Please note that these scenarios are not political authorized but based on previous EU project 
(COEXIST), IPCC scenarios A2 and B1 and expert knowledge on the long term future of those 
activities.  
 
Material and methods 
 
Data 
FishRent is developed based on the available economic data in the DCF. The economic parameters are 
calibrated using DCF data15. DCF economic data refers to annual economic data for the main fleet 
segments as defined by the DCF. Landing and effort data was based on logbook information. Biological 
data used is taken from ICES 
 
Model description 
Fishrent (Salz et al., 2010) is a multi-species multi-fleet bioeconomic model that has been developed 
from best practice knowledge gained from similar models used in Europe over the past decade (E.g. 
Frost et al., 2009). Fishrent is both a simulation model and optimisation model that can enable 
consideration of a diverse array of policy aims. Developed initially in Excel, the main outputs describe 
the likely trajectories and status of the modelled fisheries and fleets under the policy aims considered. 
The model has been modified and this version of the model is written in GAMS (General Algebraic 
Modeling System)16, with input and output interfaces in R17. The new version of the model includes all 
the features of the Excel model and the spatial description of species and effort.  
 
The model optimizes the catch and landings of Species i, Segment j, area n, period p within year t given 
that the overall net profits are maximized. Depending on the choice of the user the model can function 
with monthly, quarterly or yearly time periods. Although the model as of yet only optimizes within a year, 
the model can simulates the catches and landings over a set time period. This means that the model will 
run for each year as defined by the user. Data input for consecutive years will be taken from model 
calculations of previous years. 

                                                           
15 http://datacollection.jrc.ec.europa.eu/dcf-legislation 
16 www.gams.com 
 
17 R core Team, 2012 
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Objective function 
Total profit is maximized subject to production and balance constraints. The total profit is calculated as a 
sum of the profit of all fishing segments j. 
 
Objective: ݁ݖ݅݉݅ݔܽܯ	 ∑ ܨݎܲ  
 
Profit of a fishing segment j is calculated as the revenue minus variable and fixed costs. Three types of 
variable costs are distinguished: fuel cost (FuC), crewcost (CrC), and other variable costs (VaC). Two 
types of fixed costs are distinguished: fixed cost (FxC) and capital costs (CaC). 
 
ܨݎܲ ൌ ݒܴ݁ െ ܥݑܨ െ ܥݎܥ െ ܥܸܽ െ ܥݔܨ െ ܥܽܥ  
 
Yearly revenue of a fishing segment j is calculated as the sum over the period of the value of the 
landings of the target species (Land) times a percentage of the value of other catches (OtSpR). It is 
assumed that the catch of other species is linearly related to the value of landings of the target species. 
Thus if the value of landings of the target species increases with 10% the value of landings of other 
species increases with a similar percentage. 
 

ݒܴ݁ ൌቂ݀݊ܽܮ,, ∗ ,,݁ܿ݅ݎ
௦ ∗ ሺ1  ሻቃܴܵݐܱ

,

 

 
As an alternative the model can also maximize the gross cash flow (GCF) instead of the net profits. The 
gross cash flow is defined as the revenue minus the variable cost.  

ܨܥܩ
ൌ ݒܴ݁ െ ܥݑܨ െ ܥݎܥ െ ܥܸܽ  

 
Economic costs 
The five economic cost variables are calculated on a yearly basis per fishing segment. Although it would 
be possible to calculate the economic cost per period it is not considered practical as most European 
countries collect economic data on a yearly basis and not on monthly or quarterly basis.  
The fuel costs are calculated based on the effort in days (Eff) spend fishing and steaming. In the model 
the effort spent fishing determines the catch. However to catch fish the vessels need to steam to the 
fishing area. These steaming costs also need to be included in the fuel costs. To calculate the total 
effort spend on fishing and steaming, the fishing effort is multiplied by a factor ሺ1  β୨.୬

ୱ ሻ. The β differs 
on the distance between the home port and the fishing area n. As the homeport(s) can differ between 
segments the β’s can also differ between segments. By calculating the steaming effort in such a way it 
is implicitly assumed that within a trip a vessel will steam to an area, fish there and steam back. Thus a 
vessel cannot go to several areas within a trip. More information about the calculation of the β’s will be 
given in …..  
The fuel cost are calculated as the effort spend steaming and fishing times a parameter representing 
the average fuel consumption per unit of effort ሺܥݑܨ,,

 ሻ times the indexed fuel price (݁ܿ݅ݎ
௨ሻ 

 

ܥݑܨ ൌቂܥݑܨ,,
 ∗ ൫1  ,ߚ

௦ ൯ ∗ ݂ܧ ݂,, ∗ ݁ܿ݅ݎ
௨ቃ

,

 

 
The crew costs are calculated as a share in the revenue minus the fuel costs. This structure is chosen 
as it closely resembles how the crew wages are determined in the Netherlands. In the Netherlands the 
crew get a small fixed wage and a larger variable wage depended on the profit of fishing trips.  
 
ܥݎܥ ൌ ܥݎܥ

 ∗ ሺܴ݁ݒ െ  ሻܥݑܨ
 
The variable cost, being e.g. costs of landings, auction and harbour fees, are determined as a fixed 
share of the gross revenue.  
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ܥܸܽ ൌ ܥܸܽ

 ∗ ݒܴ݁  
 
The fixed costs, also named vessel costs or semi-fixed costs are administration, insurance, 
maintenance, etc. It is assumed that these costs depend implicitly on the value of the vessel and are 
constant per vessel. The value of the segment is calculated as a fixed amount per vessel time the size 
of the segment j (Fle୨ሻ times an indexed price per vessel (price୨

୧୬୴ሻ. If the indexed price is set at a 
different value than 1, then changes in construction costs per segment can be accounted for.  
 
ܥݔܨ ൌ ܥݔܨ

 ∗ ݈ܨ ݁ ∗ ݁ܿ݅ݎ
௩ 

 
The capital costs include both depreciation and interest costs. The capital costs are calculated in a 
similar way as the fixed costs. 
 
ܥܽܥ ൌ ܥܽܥ

 ∗ ݈ܨ ݁ ∗ ݁ܿ݅ݎ
௩ 

 
Production function 
The revenue in the model is determined by the landings of the targets species i. The landings in turn are 
determined by the catch of the species. Landings and catches are not per definition the same as the 
model takes into account the possibility of over quota discards. 
 

,,݀݊ܽܮ ൌൣ݄ܿݐܽܥ,,, െ ,,,൧ܿݏ݅ܦ


 

 
The catch of a species is calculated by a Cobb-Douglas function. Catch of species i of segment j in area 
n in period p depends on the fishing effort and the available biomass (CB). ܥ,,,

  is a measure of the 
catchability of the biomass in area n and ݐ  is a measure of technological creep. 

,,,݄ܿݐܽܥ  ,,,ܥ
 ∗ ൫1  ൯ݐ ∗ ݂ܧ ݂,,

ఈೕ. ∗ ,,ܤܥ
ఉೕ,  

 
Balance equations: Effort 
The use of fishing effort is limited in two balance equations. First of all the minimum effort used per 
segment has to be bigger than a certain percentage of the total available effort for that segment.  
 

ൣሺ1  ,ߚ
௦ ሻ ∗ ݂ܧ ݂,,൧

,

 ݂݂ܧ ∗ ݂ܧݔሾ݉ܽܰܫܯ ݂, ܯݏܽ݀ ∗ ݈ܨ ݁ሿ 

 
Second the maximum effort used per segment within a year has to be smaller than the maximum effort 
available to each segment.  
 

ൣሺ1  ,ߚ
௦ ሻ ∗ ݂ܧ ݂,,൧

,

 ݂ܧݔሾ݉ܽܰܫܯ	 ݂, ܯݏܽ݀ ∗ ݈ܨ ݁ሿ 

 
The maximum available effort per fleet segment is determined based on two parameters. First of all in 
the long term management plans a maximum amount of effort can be defined ሺ݂݉ܽܧݔ ݂ሻ. Second the 
max effort is defined as the maximum number of sea days available to a vessel (݀ܽܯݏሻ	times the 
number of vessels in a segment (Fle). 
The size of a fleet segment is determined by the size of the fleet segment in the previous year plus the 
(dis)investments. 
 
݈ܨ ݁ ൌ ݈ܨ ݁

௬ିଵ  ݒ݊ܫ  
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Investment in a fleet segment is dependent on the profits made in that fleet segment in the previous 
year. Theoretically the investments should be determined by expectations of future profit, but there is no 
empirical data, which could be used to support such theorem in the model. Instead, perceived 
profitability in the preceding year, expressed as ratio between break-even revenues minus realised 
revenues divided by realised revenues is used to determine the (dis)investments in each year. The 
break revenue is calculated as 
 

݁ܤ ܴ ൌ
ܥݎܥ െ ܥݔܨ െ ܥܽܥ

ሺ1 െ
ܥݑܨ
ݒܴ݁

െ
ܥܸܽ
ݒܴ݁

ሻ
 

 
This leads in some years to quite substantial changes in the number of vessels in a fleet segment, 
which could occur as vessels from other segments may enter the given fishery. At the same time, it was 
recognised that the inertia of the system (licensing, knowledge of skippers, etc.) does not allow such full 
flexibility. Consequently, parameters have been introduced to limit the maximum annual 
(dis)investments. Furthermore, it has been assumed that the active fleet will first achieve a certain 
minimum number of days-at-sea per vessel before the number of vessels will be expanded (DasM୨ ∗
io୨ሻ to avoid continuous growth of the fleet, while at same time the number of days-at-sea per vessel 
could be proportionately falling, as long as break-even revenues exceed realised revenues. 
This leads to the following investment function: 
 
If ݁ܤ ܴ  ܱݏܽܦ  orݒܴ݁ ൏ ܯݏܽܦ ∗ ݅  

ݒ݊ܫ ൌ ܺܣܯ ቈ݄ݏ ∗ ݒ݊ܫ
 ∗ ݈ܨ ݁, ݄ݏ ∗

ݒܴ݁ െ ݁ܤ ܴ

ݒܴ݁
∗ ݈ܨ ݁ 

If ݁ܤ ܴ   ݒܴ݁

ݒ݊ܫ ൌ ܰܫܯ ቈ݄ݏ ∗ ݒ݊ܫ
௫ ∗ ݈ܨ ݁, ݄ݏ ∗

ݒܴ݁ െ ݁ܤ ܴ

ݒܴ݁
∗ ݈ܨ ݁ 

 
Where ݒ݊ܫ

 is the maximum percentage of disinvestments and ݒ݊ܫ
௫ is the maximum percentage 

of investments in a year. ݄ݏ is a share of the percentage of the profit that can be invested. 
 
Balance equations: Catch and Biomass 
Catch is limited by the available biomass. For each species, area and period the catch cannot exceed 
the available biomass.  
 

݄ܿݐܽܥ,,,


  ,,ܤܥ

 
The biomass of species i area n and period p is calculated as the biomass of the previous period plus 
the growth of the biomass minus the total catch. The total catch includes undersized discard calculated 
as a fixed share of the catch ሺ݄݀ݏ.ሻ and catches of other fishing segments not taken into account in 
the model (݄ܿݏ,). 
Two types of species are distinguished: mobile and stationary species. The biomass is calculated 
differently depending on the mobility of the species. For mobile species it is assumed that after a period 
the biomass will be redistributed over all areas according to a predefined distribution factor ݀݅ݐݏ,. This 
means that within a period the biomass can be completely depleted but after the end of the period the 
biomass will be restored according to the overall growth of the stock. 
 

,,ܤܥ  ,ݐݏ݅݀ ∗ ൝ሾܤܥ,,ିଵ  ,,ିଵሿ݄ݐݓݎܩ െ
∑ ሾ݄ܿݐܽܥ,,,ିଵ ∗ ൫1  .൯ሿ,݄ݏ݀

∑ ,݄ݏܿ

ൡ 
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For stationary species the biomass within an area only depends on the stock, growth and the catches 
within the area. Biomass within an area can therefore be completely depleted. 
 

,,ܤܥ  ,,ିଵܤܥ  ,,ିଵ݄ݐݓݎܩ െ
∑ ሾ݄ܿݐܽܥ,,,ିଵ ∗ ൫1  .൯ሿ݄ݏ݀

∑ ,݄ݏܿ
 

                 
The growth of the stock is calculated once a year based on the biomass in the last period of the 
previous year.  
 
,ܤܥ

௬ ൌ  ,, for p is last periodܤܥ
 
Depending on the type of species, two types of growth functions can be used: a 3rd degree polynomial 
growth function or a logistic growth function. 
3rd degree polynomial growth function: 
 
,,݄ݐݓݎܩ ൌ ,,ݐݏ݅݀

∗ ቐݎ
  ݎ

ଵ ∗ ܤܥ,
௬



൩

ଵ

െ ݎ
ଶ ∗ ܤܥ,

௬



൩

ଶ

 ݎ
ଷ ∗ ܤܥ,

௬



൩

ଷ

ቑ 

 
Logistic growth function: 
 

,,݄ݐݓݎܩ ൌ ,,ݐݏ݅݀ ∗ ቊ݄ݐݓݎܩ,
 ∗

1 െ ,ܤܥ
௬

,ܽܿ
ቋ 

 
Balance equations: TAC  
In case a species is managed by quotas, an extra balance equation is added to the model which states 
that the total catch of the segment minus over quota discards has to be lower than the available quota. 
Depending on the selected policy scenario over quota discards will either be allowed to be positive or 
will be kept at zero level. 
 

ሺ݄ܿݐܽܥ,,,
,

െ ,,,ሻܿݏ݅ܦ  ܥܣܶ ∗ ,݄ݏݐ  

 
In long term management plans a target fishing mortality is defined to reach a sustainable catch. This 
target mortality is used to calculate the sustainable TAC. First of all the model calculates the current 
fishing mortality as the total catch divided by the total biomass. 
 

ܨ ൌ
∑ ,,,,,݄ܿݐܽܥ ∗

1
∑ ,݄ݏܿ

∑ ,ܤܥ
௬


 

 
If the fishing mortality is above the target mortality the quota need to be reduced. However in most long 
term management plans an optimal path towards the target fishing mortality is defined. For example in 
the flatfish management plan in the North Sea, the fishing mortality should be reduced by 10% every 
year until the target mortality is reached. 
In the model this is taken into account in the following equation: 
 
If ܨ  ܨ

௧    ܨ
௧ ൌ ܨ ∗  ݄ݏ݂

 
Where ݂݄ݏ is a fixed percentage depending on value mentioned in the management plan. 
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Based on the target fishing mortality the model calculates the sustainable TAC, using the Baranov 
function (Lassen, 2000). 
 

ܥܣܶ ൌቂܤܥ,
௬ ∗ ሺ1 െ ݁ିி

ೌೝ
ሻቃ

,

 

 
Although not included in this equation, the model allows for a limit on yearly changes in the TAC if this is 
defined in the long term management plan. For example in the flat fish management plan North Sea the 
yearly changes of the TAC cannot exceed 15%. If the sustainable TAC exceeds the 15% change the 
change will be cut of at 15% of last years TAC.  
 
Price elasticity 
Fish prices of species i in period p are based on the prices of those species in the same period the 
previous year adapted by price elasticity. However, this is only relevant if the fishery lands a significant 
share of the total supply of a species. Setting price elasticity at zero leads to constant prices. By linking 
the price of a species in a certain period with the price of the species in that period a year before, the 
model includes seasonal effects in the prices. However it is implicitly assumed that these seasonal 
effects will not change apart from changes due to the price elasticity. 
The price per species is calculated as follows: 
 

,,݁ܿ݅ݎ
௦ ൌ ,,݁ܿ݅ݎ

௦ ∗
∑ ,,݀݊ܽܮ

∑ ,,݀݊ܽܮ
௬ିଵ


 

 
Results 
 
Case study description 
The case study includes 3 Dutch fleet segments (NL_TBB_1224, NL_TBB_2440 and NL_TBB_40XX). 
These fleet segments can target either flatfish (sole and plaice) or shrimps. We have divided the North 
Sea into 152 areas. The spatial repartition of the Dutch fishing fleets targeting flatfish and shrimp in the 
North Sea over the different areas is shown in Figure 69. The smaller beamtrawlers (NL_TBB_1224) 
are more concentrated along the coast while larger beamtrawlers (NL_TBB_2440 and NL_TBB_40XX) 
spread their effort over the all North Sea. The distribution of the fishing effort of the fleets is explained by 
the distribution of their target species (Figure 70). 
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Figure 69. Initial fishing effort distribution in fishing days for the 3 fleets in the case study. 
 
The three target species investigated show also different degrees of aggregation. While legal size sole 
and plaice are distributed over the all North Sea with some areas with larger concentration of plaice in 
the middle North Sea (source IMARES growth model, WP2.2), shrimp is concentrated along the coast 
(source: German and Dutch CPUEs). The importance of the three studied species for the three fleets 
can be seen on figure 3. Three profiles can be identified based on the value of the landings per species: 
the Dutch small beamtrawlers rely mainly on shrimp although sole and other species are also 
contributing to the revenue the large Dutch beamtrawlers target virtually no shrimp and sole and plaice 
represent the majority of their revenue. Area closures will likely have different impacts on the fleets 
depending on the location of the areas closed. 
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Figure 70. Initial annual species distribution for sole, plaice and shrimps. 
 

 
Figure 71. Initial source of revenue per species for the six fishing fleets based on the observation of the 
activities of the different fleets included in the study. 
 
The closures described in table 1 and in section B.1 of this deliverable are translated into partial 
closures of fishing grounds. Here ICES rectangles are used as potential fishing choices that are closed 
proportionally to the surface at sea covered by the area closed (Figure 72). In the scenarios, closures 
are implemented from 2013 on and have an access restriction to a proportion of the biomass being 

0 2 4 6 8

52
54

56
58

Longitude

La
tit

ud
e



0 kg/km2
< 50 kg/km2
50-60 kg/km2
60-70 kg/km2
70-80 kg/km2
80-90 kg/km2
90-100 kg/km2
> 100 kg/km2

sole annual

0 2 4 6 8

52
54

56
58

Longitude
La

tit
ud

e



0 kg/km2
< 400 kg/km2
400-500 kg/km2
500-600 kg/km2
600-700 kg/km2
700-800 kg/km2
800-900 kg/km2
> 900 kg/km2

plaice annual

0 2 4 6 8

52
54

56
58

Longitude

La
tit

ud
e



0t/km2
< 0.5 t/km2
0.5-0.75 t/km2
0.75-1 t/km2
1-1.25 t/km2
1.25-1.5 t/km2
1.5-1.75 t/km2
> 1.75 t/km2

shrimp annual

0

30

60

90

NL_TBB_1224 NL_TBB_2440 NL_TBB_40XX
segment

re
ve

n
u

e
 (

m
ill

io
n

 e
u

ro
s)

species

other

sole

shrimp

plaice



D2.3.1 Mechanisms of change in human behaviour 

D2.3.1                                                                         168                                                       VECTORS 
 

equal to the proportion of the area closed. No spill-over effect is assumed within a year but the biomass 
of the species is  re-distributed over all areas at the beginning of the year. 
 

 
Figure 72. Closure scenarios as proportion of the areas at sea 
 
Results 
The results of the scenarios will be compared to a base-case scenario, a sort of “business as usually” 
where the trends noticeable in the base data (years 2008 to 2010) are projected towards the future. 
Thus we will be able to show how the scenarios with regard to limitation in fishing space and changes in 
fish prices and fuel prices impact the results specifically.  
 
The future performances of the fleets in a status quo situation are compared to the predicted 
performances in case of closures implemented in 2013. Profitability of the shrimpers fleet is hardly 
impacted by fishing closures (Figure 73). The flatfish fleets are impacted with different responses. For 
Dutch beamtrawlers 24 to 40m, the closures of the A2 scenario lead to an increase in profit. This is due 
to the increase in plaice biomass, protected with the closures (Figure 74). For the beamtrawlers larger 
than 40m that have high fuel consumption, the increase in plaice does not compensate the increase in 
fuel price. The B1 closures lead to a drop in profit for the large beamtrawlers that must go fishing 
further. They partly switch to areas with a larger plaice stock, thus catching more plaice. This slightly 
decreases the biomass of plaice in the first years. The B1 closures also leads to a lower profit than the 
basecase for the beamtrawlers 24-40m in the later years mainly because this segments also needs to 
find further fishing grounds thus increasing their fuel cost. However it is important to keep in mind that 
the economic impact of the measures are limited, less than 1% for the larger beamtrawlers and between 
1% and 2% for the other segments. 
 
In addition to the reduction in profit the scenarios lead to an increase of fishing density (Figure 75). 
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Figure 73. Profit of the three fleets for the two scenarios relative to the basecase same scale all 
segments? 
 

 
Figure 74. Biomass of sole, plaice and shrimp for the two scenarios relative to the base case  
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Figure 75. Maps of fishing intensity by ICES rectangle for the basecase and the two scenarios other 
scale to see some more differences between scenarios? 
 
Discussion 
The projections to 2030 of the Dutch beamtrawl fleets show a financial picture that is more positive than 
what when looking at the static distribution of fishing and the individual stress levels (see section B.1 
this deliverable). The projections of FISHRENT show a lower profit for the scenarios compared to the 
basecase for the large beamtrawlers. However the financial impact is small, less than 1% difference to 
the results without closures and price changes. 
 
The results show that the fishing fleet will develop similarly as compared to the business as usual 
scenario. The fishing fleet is not expected to be reduced further due to the extra closures and the 
expected price increases because the extra financial costs due to the measures is so small. The fleet is 
mobile enough to adjust to the new fishing limits. Apart from that, the stock of both plaice and sole is 
recovering fully. Therefore, the increase of the revenue of the fishing fleet due to the increase of catch 
of sole and plaice is offsetting the higher fuel cost for a large part. 
 
Overall the stock is more protected due to the closures. However the fishing intensity in some areas 
increases substantially. Therefore since costs of crowding are not included in this analysis, we may 
slightly underestimate the financial cost of the closures. The financial impact will most probably be 
somewhere between the results of this analysis and the individual stress level analysis. 
 
 

2.3 Fishing	fleets	competing	for	space	with	other	sectors	of	activity	
in	the	Baltic	Sea:	application	of	the	DISPLACE	spatially‐explicit	
IBM	model	

 
The following study is due to be published as a paper with the following reference: 
Bastardie, F., Nielsen, J.R., and Miethe, T. 2013. DISPLACE: a dynamic, individual-based model for 
spatial fishing planning and effort displacement – integrating underlying fish population models. 
Canadian Journal of Fisheries and Aquatic Sciences, in press; Advance Access DOI: 10.1139/cjfas-
2013-0126. 
 
DISPLACE is an individual-based model (IBM) which on a per-vessel basis covers several fisheries and 
stocks (Bastardie et al. 2013; www.displace-project.org). It is a benchmark tool capable of integrating 
fishermen’s decision-making processes when they face changes in fisheries management, economic 
factors influencing their fishery and economic viability on an individual business basis, as well as 
changes in the underlying stock dynamics, including spatial and seasonal patterns in resource 
availability. IBMs are expected to provide a better and more precise prediction of the overall operating 
costs to operate the vessel and run the business more economically efficiently. This is because the 
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simulations also account for the depletion of the stocks which result from the catches of “other” vessels 
(i.e., “other” vessels are the vessels which are not individually simulated because, e.g., they are not 
VMS-equipped vessels, are < 15 m in length, or are from other countries) by using spatial landings EU 
STECF data (http://stecf.jrc.ec.europa.eu/data-reports). 
 
Alternative scenarios affecting the population dynamics can also be evaluated such as management 
scenarios, different fishing options and/or fishing behaviour options. Multi-year runs from a given year 
onwards are conducted in the DISPLACE scenario simulation, evaluation and testing. Time series of the 
abundance per size group are generated for all explicit stocks and start from the initial population 
numbers provided from ICES stock assessments. The scenarios of alternative hypotheses on fishermen 
behaviour, implementation of management, vessel optimization behaviour, and alternative population 
states can be compared relative to the baseline scenario after the five years projections. Indicators of 
trip planning, landings, gross value added (GAV), and energy efficiency are generated for each 
simulated vessel. These variables are examined per vessel or on an aggregated basis by fleet or 
métier.  
 
The DISPLACE model generates VMS-like data (i.e., the recorded geographical vessel positions at 
every time step of the simulation) and vessel logbook-sales-slips-like data (i.e., the landings in weight 
and value per species per vessel for every trip as well as the consumed fuel and the operating costs per 
trip) which are merged at the trip level afterwards according to specific scenario analyses. The stock 
abundances are also available on each node of the model at given time step. Consequently, the model 
outcomes allow for the mapping of stock-specific spatial impact surfaces defined as the ratio of the 
simulated biomass removed by the catching process over the underlying available biomass (Figure 78). 
For DISPLACE, extensive efforts have been used to parameterise and dynamical couple both the 
vessel activities and the biological stock dynamics aspects. For the vessel activities, obtained from the 
now widely available high resolution VMS-logbook coupled data (Bastardie et al. 2010b) for vessel 
movements, the individual parameterisation is attainable and informs the specific effort allocation and 
potential movement of each vessel. 
 
There is a need to better encompass the connection between the micro-scale fishermen decisions and 
their economic causes and consequences at the macro-scale level (e.g. via the stocks and fish market 
dynamics) when evaluating the economic viability of the fishing sector and the sustainability of the 
marine ecosystems (stocks). In the DISPLACE model, vessels are simulated individually to visit their 
own specific grounds and ports at their own frequency which regenerates the individual fishing 
variability otherwise usually encapsulated into a regional aggregation. If the model complexity is 
increased, the model constitutes a support tool for incorporating the best available data on biological 
and fisheries dynamics in a unified framework. Besides this, further dynamics and investigations of the 
socio-economic drivers of the individual vessel activities and their consequences are expected to 
emerge. This is among other from the outcomes of questionnaire surveys made on Danish fishermen 
who were recently asked in detail (Bastardie et al. 2013a) on how and on what basis they make their 
decisions when planning and conducting a fishing trip. The questionnaire outcomes can guide and 
improve the assessment of the potential non-linear effects of fisherman choices, e.g. when they respond 
to fluctuations in target stock abundances and densities and/or regulations and/or signals from the fish 
markets and the fuel prices. 
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Figure 78. Simulated origin of (all species confounded) landings from active Danish and German 
vessels across the region per block (cell) of 29 x 25 km (0.45 by 0.225 degrees) obtained after merging 
per trip the simulated individual tracks with the simulated landings. (a) the baseline scenario; (b) the 
closure scenario, which implement a set of three closed areas and assumes the individual displacement 
of effort toward areas with high catch rates specifically to each vessel; (c) impact on cod stocks per cell 
(i.e., ratio of the removed biomass during January of the final year over the underlying available 
biomass at the beginning of the final year) for the baseline scenario; (d) impact on cod stocks per cell 
for the closure scenario. Source: Bastardie et al. (2013b). 

 
Modelling the interactions between fishery and stock dynamics as well as the economic fishery 
importance on a highly spatial disaggregated scale, is useful in a context of broader spatial planning, 
marine management, and stakeholder involvement. It is important to develop supporting tools for impact 
evaluations that can inform all parties (scientists, stakeholders, and managers) on the overall fishing 
sector dynamics on a highly disaggregated scale to develop a collective understanding and common 
discussion platform based on quantitative predictions of impacts and beneficial/detrimental effects of 
any new spatial marine planning project. 
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3 Conclusions	

The main objectives of the research carried out in the WP2.3 work package were, (1) to identify and 
quantify the key drivers of fishers’ behaviour interacting with other fleets and other sectors of activity 
operating in the same maritime domain and also, (2) to forecast fishing effort allocation in response to 
additional spatial or resource-based constraints due to the implementation of a new sector of activity, 
closed areas, or other management measures. The WP2.3 team has contributed to these objectives by, 
(1) collating an innovative combination of cross-sectoral data, (2) stimulating methodological advances, 
either in terms of mathematical developments, or innovative applications of existing methods and, (3) 
producing a large amount of innovative research results of interest to research scientists, advice-givers 
and decision-makers. 

Considerable efforts were first dedicated by the WP2.3 team to collate data reflecting human offshore 
activities, using a consistent exchange format across all countries where possible. The reason for 
adopting a common exchange format was to allow the application of a quantitative method initially 
developed for one case study to others with little adjustments and without breaching data confidentiality 
agreements. This approach enabled application of the discrete-choice models developed in A.1.2 and 
the other spatial approaches developed in Section A.1.3 to a variety of French, English and Dutch fleets 
in the Eastern Channel and the North Sea. Likewise, adopting a common exchange format facilitated 
the parameterization of the forecast models used to evaluate the short-term (ISLA, Section B.1) and the 
medium-term (FISHRENT, Section B.2.2) economic effects of closed areas and/or the implementation 
of new windfarm plants in the North Sea. These modelling approaches could then be applied to several 
North Sea countries’ fleets without exchanging datasets: ISLA was applied to both Dutch and German 
fleets, and FISHRENT to the Dutch, German, English, French and Danish fleets. Importantly also, an 
effort of standardization was made in designing the questionnaires intended to the different semi-
structured interviews conducted with French, English and Dutch fishers in the Eastern Channel and the 
German Bight (Section A.2) and, more generally, with various French, English and Polish stakeholders 
belonging to different sectors of activity in the Eastern Channel, the Dogger Bank and the Gdansk Bay 
(Section A.3). 
 
The data exchange formats used to collect fisheries information at various spatial resolutions were 
slightly adjusted from the EFLALO and TACSAT formats that were developed in previous EU-funded 
projects (e.g., FP5 TECTAC, FP6 CAFÉ, FP6 AFRAME) and are nowadays widely used in relation to 
the EU Data Collection Framework (Hintzen et al. 2012). In addition to the existing EFLALO and 
TACSAT (and of EFLALO++ resulting from the combination of these two), two new data exchange 
formats were created to collate information on the pressure exerted on fishing activities by other human 
uses or closed areas, either dynamically using the ARBRE-DYN format (the pressure is then measured 
by a time-dependent metric, e.g., aggregate extraction intensity, maritime traffic density), or statically 
using the ARBRE-STAT format (the pressure is then measured by the time-invariant spatial overlap 
exerted by a windfarm plant or by closed areas). We suggest that the new ARBRE-DYN and ARBRE-
STAT formats should be further tested and subsequently considered as plausible standards for collating 
information on other sectors of activity impacting fishing fleets, within the Common Fisheries Policy 
(e.g., through the Data Collection Framework) but also the Marine Strategy Framework Directive. 

Quantitative and qualitative methodological approaches have been conducted to improve the 
understanding of the processes underpinning the behaviour of human agents operating and interacting 
in a common maritime domain, with a particular focus on fishing activities. 
 
Innovative methodological approaches, building on the concept of hidden Markov chains (HMC), have 
first been developed to model vessel trajectories. HMC were used for the first time by Vermard et al. 
(2010) to discriminate between steaming and fishing. Substantial mathematical developments have 
been brought about by the VECTORS WP2.3 team to improve that approach. In Section 1.1.1, vessels 
movements are modelled by a discrete time solution of a (continuous time) stochastic differential 
equation on vectorial speeds. In Section 1.1.2, HMC were used in an original way, to not only 
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discriminate between fishing and steaming, but also for the first time to discriminate between métiers 
and /or gears operated, with some success. 
 
Discrete-choice models building in a random utility function (RUMs) have now been widely used in fleet 
dynamics and effort allocation studies (Holland and Sutinen 1999; Hutton et al. 2004; Vermard et al. 
2008; Marchal et al. 2009). In these studies, the main drivers of fishing behaviour considered were 
economic opportunities and traditions, and these appeared indeed to determine spatial effort allocation. 
Similar RUMs were applied in Sections A.1.2.1, A.1.2.2, A.1.2.3 and A.1.2.4 to a variety of French, 
English and Dutch fleets operating in the Eastern Channel or the North Sea, but with additional 
explanatory variables reflecting spatial interactions/competitions with other fishing fleets, maritime 
traffic, aggregate extractions, wind farms and closed areas. To the best of our knowledge, it is the first 
time the impact of competition with other fishing and non-fishing sectors on fleet dynamics has been 
investigated using discrete-choice models. The results of these investigations indicated that traditions 
(reflected by past effort allocation) and economic opportunism are driving factors for effort allocation in 
both the Eastern Channel and the North Sea for the French, English and Dutch fleets under 
investigation. However, discrete-choice models have also been applied in an innovative way to evaluate 
the impact of spatial interactions (effects of other human uses and closed areas) on fleet dynamics. 
Alternative spatial approaches have been complementarily conducted in the Eastern Channel to 
investigate more specifically, at a finer spatial scale resolution than that considered in the RUMs, the 
spatial interactions between, (1) fishing activities and aggregate extractions (Section A.1.3.1), (2) fishing 
activities and maritime traffic (Section A.1.3.2). The results of the quantitative approaches pursued to 
analyse (indirectly) the key drivers of fishers’ behaviour (Sections A.1.2 and A.1.3) were then contrasted 
with the outcomes of semi-structured interviews carried out in the Eastern Channel and the North Sea 
(Sections A.2 and A.3). We comment below on the different fishers’ decision-making drivers, based on 
the outcomes of both quantitative and qualitative approaches. 
 
The impact of traditions and expected profit could be demonstrated in almost all cases (French, English 
and Dutch fleets operating in the Eastern Channel, Dutch fleets operating in the German Bight), bearing 
out the outcomes of previous studies applied to other fisheries worldwide (Holland and Sutinen 1999; 
Hutton et al. 2004; Vermard et al. 2008; Marchal et al. 2009). These results were also largely confirmed 
by the French and Dutch stakeholders interviewed in the English Channel and German Bight 
respectively. 
 
The effects of closed areas on fishing activities were investigated in the Eastern Channel. In the Eastern 
Channel access to the 6-mile and 12-mile coastal areas is restricted. As expected, these restricted 
areas had a negative impact on English dredgers and Dutch fly-shooters. The effect on the French 
vessels existed but was clearly fleet-dependent. This could reflect either that fishing fleets are not 
uniformly affected by the restricted areas, or the spatial data resolution was too coarse, or both. It was 
not possible to investigate in a similar quantitative way the impact of closed areas on fishing activities 
outside the Eastern Channel. Still, the impact of conservation and closed areas on fishing activities was 
confirmed directly by fishers operating in all the case study areas: Eastern Channel, German Bight, 
Dogger Bank and Gdansk Bay. 
 
Considering the spatial interactions between fishing activities and other sectors of activity, it should first 
be noted that fishers may interact with other fishers. In the Eastern Channel, the outcomes from 
discrete-choice models suggested that French dredgers interacted positively with English beamers and 
dredgers, revealing they’re fishing on the same grounds when targeting (and competing for) scallops. 
English dredgers and Dutch fly-shooters were also shown to interact with other fleets when operating in 
the Eastern Channel. In the North Sea, the presence of other fleets impacted Dutch fleets differently. 
The interaction was positive when the fleets shared the same fishing ground (e.g., Dutch and German 
fleets in the German Bight), and negative when they fished on separate grounds and possibly target 
different species (e.g., Dutch and Danish fleets in the German Bight). Spatial competition between 
fishers was confirmed by interviewing French and Dutch fishers operating in the Eastern Channel and 
the German Bight respectively. 
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The impact of maritime traffic on fishers’ behaviour was investigated in the Eastern Channel using a 
variety of approaches. The outcomes of discrete-choice models indicated that maritime traffic adversely 
influenced the English dredgers. The spatial distribution of Dutch fly-shooters did not appear to be 
substantially affected by maritime traffic. Many, but not all, of the French fleets under investigation 
tended to avoid shipping lanes. The relationship between fishing activities and maritime traffic was more 
complex to interpret for the French fleets than for the English fleets, likely due to the coarser spatial 
resolution of the data used in the French case. An effort was then made to better understand, at a finer 
spatial scale, the specific impact of shipping on French vessels. For example, in the red mullet fishery, 
fishing vessels would avoid shipping lanes when traffic intensity was high and stock density low or 
medium. However, when stock density was high, their spatial allocation did not appear to be influenced 
by the intensity of maritime traffic. In that case the risk of being caught in an accident within the shipping 
lanes was offset by the expected profit. The interviews conducted in the Eastern Channel confirmed that 
maritime traffic has been a constraint for fishing activities, but less so nowadays due to the decrease in 
the number of trawlers. The impact of maritime traffic on fishing activities could not be evaluated 
quantitatively in the German Bight. The Dutch fishers interviewed in the German Bight area indicated, 
however, that shipping and transport adversely affected their activities. In other regions (Dogger Bank, 
Gdansk Bay), maritime traffic did not appear as a big issue to the fishers being interviewed. Overall, it 
may be concluded that the impact of traffic intensity has generally a repelling effect on the distribution of 
fishing fleets in the Eastern Channel, likely due to the particularly high traffic intensity in this region. 
However, this effect is probably not linear, and also depends on the spatial and temporal scale of the 
analysis, on the fleet, and on the targeted species. Also, it is not possible to extrapolate the impact of 
maritime traffic as analysed in the Eastern Channel to other case studies. 
 
As suggested from the discrete-choice modelling analyses, over the whole Eastern Channel, aggregate 
extraction has a repelling effect on English scallop dredgers. However, the spatial and time series 
analyses carried out at a more localized level (i.e., for each aggregate extraction site independently), 
and for a wider range of English and French fleets, suggest that the interactions between aggregate 
extraction and fishing activities are of a more complex nature. Some fleets (e.g., potters targeting 
whelks and large crustaceans, netters targeting sole, and even scallop dredgers), were attracted to the 
vicinity of aggregate extraction sites. This could happen either because their target species may 
temporarily benefit from organic matter in suspension following an extraction (e.g., suspension-feeders 
or scavengers), or possibly because the aggregate extraction sites have been positioned on the habitats 
utilized by these species (e.g., scallops). However, this does not suggest that the spatial extent or the 
dredging intensity of minerals exploitationshould be increased, as these species are believed to be 
sensitive to aggregate extraction. In the Eastern Channel, the impact of aggregate extraction on fishing 
activities was confirmed by French and English fishers operating in this area. Overall, while the results 
of the discrete-choice models indicated a generally straightforward (and generally repelling) effect of 
aggregate extraction intensity on the distribution of fishing effort, the results from the in-depth study 
were indicative of a more complex relationship. Aggregate extractions were not perceived as an issue in 
the North Sea and the Gdansk Bay. 
 
The impact of other sectors of activity (e.g., wind farms, oil/gas platforms) on fishing activities could not 
be investigated quantitatively. Wind farms were not operated yet in the regions being investigated at the 
time of writing. Still, the fishers’ interviews conducted in all regions indicated that wind farms were seen 
as a concern to them in the Eastern Channel, the German Bight and the Gdansk Bay, but less so in the 
Dogger Bank.  Oil and gas platforms are already operating in the North Sea, and these are considered 
as an issue by some fishers operating in this region. 
 
The semi-structured interviews also indicated how the different stakeholder groups interacted together. 
In some areas, competing stakeholders have found ways to work together for integrated spatial 
management, such as in the English Channel and the Dogger Bank, in others such as the Gulf of 
Gdansk, they are just learning to work together.  In the UK, especially, a great deal of effort has been 
put into stakeholder involvement such as with their Balanced Seas project.  The primary complaint with 
this was that timelines were too short; once stakeholders had learned to communicate and work 
together, then the  project ended before progress could be made.  Additionally some stakeholders, in 
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this case conservationists and the aggregate extraction industry, came together to push for similar aims, 
showing that some alliances can take place even between traditional “competitors.” In the Dogger Bank 
groups have also come together to manage the area, in this case with the special area of conservation 
(SAC) management plan, with negotiations taking place between relevant stakeholders in a Dogger 
Bank Steering Group and with management scenarios proposed to the North Sea RAC. The primary 
difference with the Dogger Bank is some groups, in this case conservationists,  became disillusioned 
with the processand they have refused to participate further in the process given the expense they 
incurred, and what they view as too many compromises in favour of industry. In the English Channel, 
groups in general seem to compromise and come together, despite differences.  The conservationist 
mandate has been strengthened in recent years, but is being tempered by the UK government’s vision 
for “clean, healthy, safe, productive, and biologically diverse oceans and seas;” consequently 
pragmatism and compromise is automatically built-in to the system.  The UK has also formed statutory 
bodies whose role is to liaise with industry to help minimize impacts on the environment. In contrast, on 
the Dogger Bank and in the Gulf of Gdansk, conservationists and other groups appear less willing to 
compromise, making integrated management much more challenging. In the Dutch situation most 
consultations are with other federal agencies, major marine industry sectors, and public review of plan 
documents. The Dutch respondents however don’t think they have any influence on these 
developments. 
 
A range of forecast models with different structures was then applied to predict the bioeconomic impact 
on fishing fleets of (quota-induced) resource competition combined with discard restrictions (DSVM, 
Section B.2.1) and of area-based restrictions (inferred by other fleets, other sectors of activity, and/or 
closed areas) in the short-term (ISLA, Section B.1) and the medium-term (FISHRENT, Section B.2.2; 
DISPLACE, Section B.2.3). The discrete-choice models used to estimate fleet dynamics drivers based 
on historical time series were also applied to provide forecast of effort allocation one year ahead for the 
French fleets (Section A.1.2.1) and the English scallop dredgers (Section A.1.2.2) operating in the 
Eastern Channel. Scenarios A2 (“National enterprise” scenario) and B1 (“Global community scenario”), 
as defined under VECTORS WP1, have been tested using the ISLA and the FISHRENT models in the 
North Sea, and RUM in the Eastern Channel. 
 
These forecast models can be ranked by increased complexity, which also provides indications on how 
these should be understood and/or used by marine managers. ISLA is the most simple of those models, 
providing short-term forecast based on historical data only. ISLA could be used by managers to quickly 
anticipate the stress fishers may experience in the short term as a result of the installation of a new 
plant overlapping with their fishing ground (e.g., oil rig, wind farm) or the enforcement of a new closed 
area. ISLA, however, cannot be used by mangers to predict the effects on fishing effort spatial 
displacement or the knock-on pressure exerted on marine ecosystem (and on commercial species in 
particular). The RUM (when applied in predictive mode) and DSVM models are more complex as they 
explicitly build in fleet dynamics in the form of effort allocation. However, these models do not build in 
the dynamics of fish populations. These models could be used by managers to evaluate the impact of 
catch quotas combined with a discard ban (DSVM) or area-based restrictions (RUM) on fishing effort 
allocation one year ahead. However, in the absence of a biological model, long-term projections cannot 
be carried out with these models. FISHRENT and DISPLACE are the most complex of the models 
investigated here. Both account for the dynamics of fishing fleets, fish population, and economics. 
However, these models are conceptually different: DISPLACE is an IBM working at a fine spatial 
resolution; FISHRENT is primarily an economic optimization model working at a coarser spatial 
resolution. Both models could be applied to evaluate the impact of area-based restrictions, in 
combination with conservation management measures (e.g., catch or effort quotas), on the conservation 
and economic utilization of fisheries resources. DISPLACE could be considered more particularly by 
marine managers in charge of organizing spatial planning at a fine resolution. In return, FISHRENT 
would probably be better suited to evaluate the impact of economic incentives and right-based 
management (e.g., Individual Transferable Quotas). 
 
The outcomes of VECTORS WP2.3, as presented in this report, will feed in VECTORS WP5.1 
dedicated to holistic ecosystem modelling. In the Eastern Channel, the fleet dynamics model developed 
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under Section A.1.2.1 is being integrated into the comprehensive ATLANTIS model. The combined 
effects of aggregate extraction and fishing activities, as well as their spatial interactions, have also been 
implemented in the ISIS-Fish model used in WP5.1. In the North Sea, the FISHRENT models are 
further developed in VECTORS WP3.3 dedicated to economic modelling. Finally, the outcomes of the 
semi-structured interviews conducted under Sections A.2 and A.3 will contribute to the objectives of 
VECTORS WP6, particularly with respect to the participation of stakeholders to the science developed 
within the VECTORS project. 
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