
1. Introduction 
One of the fisheries ma-

nagement main objectives
is searching the most ap-
propriate tools that ensure
both the optimal yield of
the fisheries and the con-
servation of the stocks. In-
deed, the marine resources
management has to satisfy
a growing demand rate
that guarantees the eco-
nomic viability of the sec-
tor and avoids its over-ex-
ploitation.  

Moreover, due to the ex-
tension of the national ju-
risdictions regarding the
fishing activities, the re-
sponsibilities about the s-
tocks management are en-
trusted to the coastal states
that have to take control of
the excessive fishing ca-
pacities and the fishing ef-
fort deployment. 

These two quantities have
a spatial dimension: the
fishing effort allocation. 

But, in spite of the multidimensional character of fish-
eries operations, the temporal aspect considerations have
always dominated the spatial ones : the temporal data series
have been largely used at the expense of the spatial dimen-
sion apprehension, thus, both for the coastal and the high
sea fishing activities.

Some authors have proposed the fishing effort and the re-
source cartography as prior tasks of the fisheries manage-
ment and have demonstrated their relevance on the general
fishing context (Caddy and Garcia, 1986). In addition to the

temporal characteristics
classically used on the s-
tudies, it appears neces-
sary to better consider the
fishing effort spatial di-
mension.

So, the importance of
the spatial dimension on
the fisheries management
is undeniable (Caddy and
Garcia, 1986; Meaden
and Do Chi, 1996; Tacon-
net and Bensh, 1998) and
the use of the geographi-
cal information systems
as a support tool has been
started and demonstrated
by the FAO and the
GFCM (General Fisheries
Commission for the Me-
diterranean). 

The project FAO CO-
PEMED, which consisted
in the elaboration of the
FAST tool in order to
map the fishing effort
and the resource, has in-
spired our work in pro-
posing a methodology
for the modelling of the

fishing effort spatial distribution.
Our approach aims at setting up a fishing effort cartogra-

phy protocol based on a fishing activity database and on a
mathematical distribution model validated by the new
methods of the fishing zones investigation and implement-
ed on a geographical information system.

2. Cartography of the fishing effort
The elaboration of a fishing activity database is the base

of the proposed approach : the information concerning the
characteristics of the fishing boats, the fishing gears and the
fishing operations (fisherman behaviour, ranges of action)
are gathered by interviewing the fishermen and organised
on a database. 
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Then, we allocate the fishing zones by combining this in-
formation and implementing the model managing the spatial
distribution of the fishing effort. The new methods of the fish-
ing zones investigation permit to validate the model outputs. 

2.1. Allocation of the potential fishing
zones

In order to determine the activity zones of a given fleet,
we proceed – as proposed by Bensch and al. (2000)- by the
intersection of what we call “geo-entities”. A geo-entity is a
set of rules, activities, practices and physical characteristics
defining the spatial extent of a fishery: 

The legislation is the legally authorised zone for fishing.
It excludes the military areas, the protected areas, the fixed
fisheries, the navigation areas, the areas situated above the
allowed isobaths and all the other areas governed by gener-
al or specific clauses. On the GIS, this geo-entity is repre-
sented by polygons.

The accessible area is the area compatible with the fishing
gear. For a pelagic fleet, it depends only on the gears di-
mensions (the height of the water column has to be sufficient
to permit the gear manoeuvre) and for a benthic fleet, it prin-
cipally depends on the ground nature (rocky, sandy …). This
geo-entity is also represented by polygons on the GIS.

The range of action: each fishing boat operates between a
minimum range of action fixed either by the legislation or
by a fisherman self-imposed limit by the, and a maximum
range of action over which the fisherman doesn’t work. On
the GIS, these ranges are represented by semi-circles as
buffers around the port.

The potential activity area: this geo-entity is generated by
the intersection of the geo-entities “legislation”, “accessible
area” and “range of action” and represents the potential
fishing area for each fishing boat of the studied fleet, which
means the area likely to be frequented.

The intersection is executed for each fishing boat on a
grid with a unit cell size defined according to the whished
spatial resolution. This routine is executed by a program
that permits to generate automatically the activity areas
(Figure 1).

In the attribute table of the geo-entity “potential activity
area”, the score 1 is affected to the cells where a fishing ac-
tivity is exerted and the score 0 is affected to the cells where
this fishing activity is absent.

2.2. Fishing effort spatial distribution model-
ling

In order to analyse the fishing effort spatial distribution,
we have to introduce a model layer on the GIS. It means
that we have to formulate a model describing the fishing ef-
fort spatial distribution and to implement it on the GIS in
order to visualize the geographical allocation by generating
maps.

It is obvious that a limiting factor conditioning the distri-
bution of the fishing establishment that could be spread
from a giving port exists : the distance.

Caddy (1999) carries that, according to the conventional
theory of geography, the nature of the “fishing field” is a
“friction of distance”. The limiting factor constituted by the
distance is due to: 

- the travel time duration: going further away from the
harbor decreases the effective fishing time.

- the cost: going further away from the harbor increases
the fuel cost and the risk to come back too late to benefit
from the best market prices.  

On the basis of the grid used to generate the potential ac-
tivity area, we may say that the fishing effort for a boat k on
a cell i      , is modelled by:

Where: 
•      is the fishing effort for a boat k on a cell i
•    is the fishing effort unit for the boat k determined
whether by the classical methods or by the multivariate
analysis
•      is the area of the cell i
•      (d) is the friction of distance factor, managed by a trun-
cated normal distribution function (Aitchison and
Brown, 1981) (Figure 2) using the minimum and the
maximum ranges of action et  and the distance separating
the cell i considered from the port of the boat k studied:
the fishing effort is null under an inferior limit represent-
ed by the minimal range of action , then it increases rap-
idly to reach a maximum, and decreases to become null
over a superior limit corresponding to the maximal range
of action.
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Figure 1. The different geo-entities (A) and the result of their intersection (B)



Where: 
•  d is the distance separating the cell i, where the boat k
operates, from the port
•        is the minimum range of action of the boat k
•        is the maximum range of action of the boat k
•       is a factor chosen to ensure the normalization of the
function, as: 

Then, we arrange in a first table the fishing effort units for
each boat, the minimum and maximum ranges of action. In
a second table, we arrange the distances separating each
cell of the grid from the port of each fishing boat. 

Next, it is the question of writing a program allowing to exe-
cute the routine calculating  according to the distribution model.

The multiplication of the matrix so obtained by the score
matrix (0 and 1) resulting from the intersection of the geo-
entities leads to the generation of a final matrix whose rows
are represented by the cells and the columns by the boats :
the cells where the fishing activity is absent are affected by
the value 0 and the others are affected by the value of the
corresponding effort (Figure 3).     

The implementation of such a matrix on the GIS leads to
the generation of maps in order to visualize the potential s-
patial distribution of the fishing effort in the studied zone
(Figure 4). 

2.3. Validation of the fishing effort
Once the model has been tested, it has to be validated

with real georeferenced field data. The basic pattern to do
is to obtain a new raster covering the same area used for
modelling but with real numbers of fishing effort. It will be
very easy then to perform simple cell-by-cell comparison
and generate a new raster showing the difference between
the model and the real world. In other words, cells occupy-
ing the same location but belonging to different rasters can
be evaluated together to find statistical differences. Statisti-
cal methods applied depend on possibilities of every GIS
analysis software.

The main information necessary to achieve this goal is the
real fleet distribution and the real effort. 

Fleet distribution can be obtained from different methods,
described in details in the next session. First of all, it is nec-
essary to create a grid vectorial map similar to base map
used prior in modelling tasks, using the same bidimension-
al grid size and number. Information about spatial distribu-
tion of fishing fleet will be digitized (if necessary) and s-
tored as georeferenced elements as vectorial points. Merg-
ing both vectors, we will obtain a spatial matrix in which
there will be the spatial distribution of the fishing fleet in
marks per cell.

Total fishing effort (fishing hours, CPUE, etc) can be ob-
tained from the bibliography, administrative data or daily
Auction data. This total effort can be then redistributed in s-
patial matrix created in a previous step calculating the val-
ue for each grid cell by the formula:

This georeferenced effort values grid is used to perform
an intensity map or DEM (Digital Elevation Model) by Ge-
ographic Information System and to create a new raster of
same size, extents and cell size.

The final step consists in matching grids obtained from
modelling and from validation procedure and performing a
single raster subtract operation to obtain a new georefer-
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Figure 2. Shape of the friction of distance function

Figure 3. Example of an attribute table leading to the generation of fishing effort distribution maps

Figure 4. Example of a map of the potential spatial distribution of the fishing effort



enced entity that shows differences between the model and
the real world.

3. Methods of obtaining information about
fishing zones

There are various techniques available to obtain informa-
tion about fishing zones in direct field observations or re-
mote estimation of spatial distribution. Note that these
methods are not only useful for getting information from
fishing zones; they are also used as direct fishing effort es-
timation tools. A suitable method will depend on distribu-
tion pattern and size of fishing fleet.  

3.1. Fishermen Interviews
One of the most used methods is direct fishermen inter-

views combined with onboard GPS positioning of hauls.
This is quite useful in case of small artisanal fleets formed
by small, medium-sized vessels that return every day to
their home harbour. Taking into account that we will be
forced to georeference this data, we will have to prepare a
grid map similar to base map used prior in modelling tasks,
using the same bidimensional grid size and number and ask
fishermen to mark cells where they usually go fishing.
These interviews should be done several times with differ-
ent fishermen and in different times of the year in case we
are attempting to take a well represented image of yearly
vessel distribution. The ideal way is to interview the crews
from all vessels implied, but this can be very difficult in
case of huge fleet sizes or wide geographical extents. 

Interview results have then to be digitized into georefer-
enced elements (marks per cell) in order to obtain the geo-
graphic distribution of fishing effort. 

3.2. Overflight (Aerial Surveillance)
Airborne surveys can be very useful in order to obtain ge-

ographic position of fishing vessels and their spatial distri-
bution. On plane, it is possible to travel long distances in a
short time, to identify vessels accurately and to take vessel
position with a single GPS. The results obtained show a
global vision of the spatial distribution of the fishing fleet.

The main disadvantage of this technique is the huge costs,
due to pilot rental and fuel spending.  Unless the local Gov-
ernment takes periodically this kind of data as a part of its
MCS (Monitoring Control and Surveillance) of fishing ves-
sels, overflight surveys imply a lot of economic efforts for
investigators.

3.3. Radar
3.3.1. Onboard Radar

Radar technology has been designed for detecting objects
in a wide spread of distances and accuracy. The smallest
fishing vessel carries a radar device onboard that can be
used as a tool for detecting and mapping the entire fishing
fleet. This can be done during ordinary onboard sampling
cruises, registering position of other boats working in the

area. From the radar screen of sampled fishing vessel, ob-
served marks are translated into papers issued with a pattern
similar to electronic display. By tracking geographic posi-
tion of sampling vessel on every different sample, written
marks can be digitized and georeferenced at the lab. This
method can be improved by the use of tracking technology
that comes with most of modern onboard radar devices, like
Radar-ARPA (Automatic Radar Plotting Aids) by directly
plotting on paper or on electronic georeferenced format.

3.3.2. Land-based Radar
Another technique consists in a land-based radar on a

fixed coastal station. In this case, the survey is restrained to
radar device range, but the planning and time spent on sea
sampling cruises are avoided. A land-based station allows
remote controlling of radar device and instant download of
acquired data via internet  at a very low cost (it can be done
with simple computer equipment).

3.4. Remote Sensing
3.4.1. VMS (Vessel Monitoring System)

The use of Vessel Monitoring Systems (VMS) to automat-
ically plot the positions of fishing vessels has been adopted
in several countries. The on-board vessel equipment uses
modern satellite communication systems that have an inbuilt
global positioning system (GPS) (FAO, 1998).

Countries which have already implemented VMS sys-
tems for selected categories of fishing vessel are Australia,
New Zealand, USA, South Africa, Japan and Canada. The
European Community has required most of its fishing ves-
sels over 24 metres in overall length to be included in a
VMS programme since the beginning of  2005.

Complete VMS data can be extremely useful for valida-
tion methods. In fact, it is the most accurate approach that
can be made without direct intervention of investigators.
Row georeferenced data can be downloaded, classified and
mostly analyzed immediately. But this technology has a
great disadvantage: its cost. It is necessary that the local
Government, responsible of study zone, makes an impor-
tant effort to homogenize and upgrade fishing fleet with this
system. Nowadays, only developed countries have imple-
mented VMS and for big trawler fleets that work on very
huge areas in order to control fishing activity of foreign
vessels in their territorial waters (e.g. North Sea). Besides,
obtaining such data is not easy because of bureaucratic bar-
riers. In case of small coastal fleets, VMS is not widely im-
plemented in all vessels in developed countries and there is
a lack of control of implementation by fishermen, who usu-
ally ignore on board VMS device.

3.4.2. Satellite Surveillance 
Remote sensing has increased its importance during the

past years. Necessity for obtaining information at global s-
cale has led to develop a large amount of services related to
obtention of images from the earth surface using a wide
range of sensors. In spite of such technology that has been
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typically the preserve of military intelligence agencies,
satellite imagery has become more accessible and is used
now for a variety of commercial and governmental purpos-
es. Applications on estimation of fishing effort and MCS
are evident. Vessel position and distribution can be detect-
ed and stored with different techniques. 

One type is that based on high definition optical/infrared
devices (e.g. Quickbird, Ikonos, Spot, Landsat), that can
obtain coloured orthorectified images in visual band with a
resolution up to 0.6 meters (Volpe, 2003). The use of this
data as a validation method to quantify, identify and locate
fishing vessels depends highly on the area to be surveyed,
due to costs of this kind of high resolution images, based on
scanned area. This is also a decision basically dependant on
cost-benefit terms.

Synthetic Aperture Radar (SAR) is the other main types
of satellite imagery. Satellites with SAR capabilities inclu-
de ERS and JERS series, ENVISAT and RADARSAT. SAR
is less affected by cloud cover and darkness than other type
of satellites and its resolution is enough to detect vessels
subject to VMS (Kourti et al., 2001).

This type of satellite has been proved useful in monitor-
ing commercial fishing grounds in order to detect illegal
fishing activities. With wide swath SAR, large ocean areas
can be monitored by frequent revisit schedules, thus allow-
ing detected ships to be observed and identified by patrols
that are vectored on these targets from cuing derived from
the SAR information (Montgomery, 2000). Radar’s capa-
bility to detect oil spills, bathymetric features in shallow
waters and ships has led to systematic use of SAR images
in operational surveillance (Johannessen, 2000; Olsen and
Wahl, 2000)

4. Conclusion
The fishing sector, a complex system where the fisher-

men, the administration, the politics and the research in-
teract, is at the centre of the fishing managers’ concerns.
Indeed, since the Code of Conduct for Responsible Fish-
eries has come into force, the member countries of the
FAO agreed to implement decision tools in order to assure
the durable exploitation of the aquatic living resources
which are highly threatened nowadays. One of these deci-
sion tools is the monitoring and the control of the fishing
effort.

By coupling a fishing activity database and a mathemati-
cal distribution model validated by some recent methods of
obtaining information about fishing zones, we propose in
this work a fishing effort cartography protocol that belongs
to the actual tendency of including the spatial dimension of
the fishing effort in the decision measures.  

Thus, the availability of a synoptic view of the fishing ef-

fort distribution makes the implementation of the decision
measures easier.  

Besides, it is possible to simulate different scenarios of
the fleet increase in order to anticipate the risks of overex-
ploitation by overlapping the fishing effort and the resource
distribution maps.   
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