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Spatial Data integration for Marine Fisheries Management of
Oman

Alakhzami, Younis K.

Abstract

Previous research has indicated an increasing need for the use of GIS to assist the
management of environmental and natural resources. Forestry, land use,
agriculture, and the coastal zone are among those areas where GIS have played a
major part in planning and management. Marine fisheries on the other hand, are
an area of the natural resource exploitation where GIS is not yet being fully
utilized. In this study, the application of GIS techniques to marine fisheries is
explored.

The work described in this research uses the commercial data of catch to illustrate
the facilities that GIS may offer to fisheries management. Three different types of
fisheries data (different in terms of original format, method of collection and
geographical footprints) for Oman are presented and discussed. Data collection,
manipulation, filtering and preparation for input to a relational database are
discussed. The spatial integration of the data is problematic but essential. Two
methods of data integration, the point and the area are used to solve this problem.
Point and area data are used to display data at different levels of management and
decision making.

Alternative visualisations from the GIS are used including total catch distribution,
catch per unit effort per unit area, fishing density, and spatio-temporal analysis.
The analytical ability of the GIS is used to display the following results: preferred
areas of catch, expected catch per area, areas of fish high quality habitat,
unexploited areas, and areas suspected of overfishing. Hydro-biological data
(marine-related data) such as sea surface temperature, dissolved oxygen, salinity,
and zooplankton biomass for the year 1995 with relation to catch are presented
and discussed too.

The concentration of catch is found to be more within the area of the continental
shelf than in the deep waters, being areas of large fish productivity as well as high
zooplankton biomass. Pelagic fish occur in greater density in the northern part of
the Omani waters (Gulf of Oman), and in contrast, demersal fish aggregated more
at the southern part of the country (Arabian Sea). Different areas are found to
have a consistently high catch throughout the years, and the catch, in general,
shows no evidence of overfishing. Some areas of Omani water have not been
fully utilized although this study shows them high potential catch areas.
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INTRODUCTION

"All around the world, fish are vanishing. The once
ubiquitous cod has virtually disappeared from some parts
of the North Atlantic. It’s a disaster that threatens to
destroy the livelihood and way of life of coastal
communities and irrevocably tilt the ecological balance
of the oceans. It’s generally acknowledged that many of
the problems could have been avoided with better
management of fish stocks.”
(Meaden, 1994, p. 20)



1. Introduction

The problem of the collapse of stock and disappearance of fish from some parts of
the World’s seas has been noted with much concern. The lack of appropriate
fisheries management systems is considered to be one cause of these problems
(Meaden and Do Chi, 1996; Kemp and Lee, 1998). Although, the knowledge of
fish location and the period of maximum catch were realised, the information
systems in use to support management were far from providing the required
management tool for such a complex area. The search for an improved system for
the management of fishing activities was the main reason behind the introduction

of Geographical Information Systems (GIS) into marine fisheries.

The recent growth in Geographical Information Systems (GIS) and their
environmental applications have greatly increased the potential of using GIS for
managing almost all natural resources. GIS are increasingly being used for
inventory, analysis, understanding, modelling and management of natural
resources (Burrough, 1986; Aronoff, 1989; Heywood, 1991; Goodchild et al.
1993), and although GIS is well known as a suitable management tool for natural
resources, little work has been done to implement such technology in the marine
fisheries sector. The basic premise underlying this research is that GIS applied to

marine fisheries could lead to a better management system for fisheries resources.

This chapter introduces the research reported in this study. Section 2 provides a
general overview of the fisheries sector in Oman. The data complexity in marine
fisheries is discussed in section 3. Section 4 introduces Geographical Information
Systems (GIS). Section 5 discusses the needs for GIS as a fisheries management
tool. The aims and objectives of this study are explained in section 6. Section 7
gives a quick summary and conclusion of the chapter and finally section 8,

highlights the contents of the remaining chapters of this thesis.



2. General Overview

In Oman, fish are a very important natural resource. Managing such a resource
while maintaining the level of catch and protecting fish stocks from overfishing is
the main concern of the Government represented by the Ministry of Agriculture
and Fisheries (MAF). Better management can exist when an improved
information system with tools capable of storing, organizing, analyzing, and
displaying the variety of data is used. It has been argued that the only information
systems with such are Geographical Information System (Caddy, 1986; Ricketts,
1986; Charles, 1992; Caddy et al, 1995; Meaden, 1993; 1994; Meaden et al.,
1995; Meaden and Do Chi, 1996), which have the added of which for managing
marine fisheries have been noticed (Symes, 1991; Hinds, 1992; the World Bank
1992).

The fisheries sector in Oman has played a major role in the national income since
late 1989 when commercial fishing first began. Since then, fishing activity has
increased rapidly from just a few vessels, to over one hundred in 1993. At the
same time, the statistical data of fish catch has shown an increase and then a
decrease in the amount. This has been attributed to stock damage (Oman
Fisheries Report, 1995), which has occurred at different times and the
government’s attention has now been drawn to this problem in order to find a

solution.

In the early stages the MAF was aware of the problem of commercial fishing.
The government has spent an enormous amount of money to develop the fisheries
sector, and is investigating new technologies that can resolve the problem

concerned with fisheries management.

There are two major fishing sectors in the marine fisheries of Oman, the
Traditional and the Commercial sectors. The MAF has established rules for
commercial fishing by giving each vessel a specific location in which to fish and
for a limited duration each year. The commercial longlines fishery only occurs in
a zone more than 20 nautical miles away from the shoreline. Traditional fisheries

occur within the 20 nautical miles zone.



There are two types of commercial fisheries, the longlines (catching Pelagic fish
such as yellowfin tuna (Thunnus albacares) and shark (Carcharhindae)), and the
trawlers (catching Demersal fish such as ribbonfish (Trichiurus lepturus) and
grouper (Serranidae)). For the longlines, the fishing areas have been referenced
by a latitude and longitude coordinate system. Each vessel has to fill in a form
with multiple columns showing the coordinates fished and the amount of catch for
each species. For the trawlers, on the other hand, an area code is used to identify
the fishing areas. The trawler fishing areas have been divided into areas 10 miles
square; each trawler vessel is required to fish in defined square. The amount of
catch (quota) for each vessel is determined for each year. For both types of
fishery, each vessel has to return to the port with a copy of the fishing detail form
and hand it in to the Ministry. The commercial vessels make trips on a weekly
and monthly basis. For traditional fisheries, the data are gathered for the landing
port. The amount of catch is estimated by measuring the catch on sample days

(see section 5 of chapter 4).

The decline in the amount of catch directly affects the yearly national income.
Recent statistical reports have shown a major decline in the catch of some species.
It is considered that management is needed, especially for the commercial
fisheries to maintain the level of catch, and to reduce the risk of overfishing, and

damage or collapse of the stock.

Although the fisheries data for Oman are available in analog form, to date nobody
has considered to integration of these data and linkage to a GIS. In Oman, almost
all fishery regulations are set with regards to the location of fishing areas.
However, the analysis and evaluation system used has never made use of these
spatial data in any form. Much information can be gained by analysing these
fisheries data spatially, and since regulations are based in areas of fishing, it is
likely that the use of these data will assist the fisheries regulation authorities. The
current research is concerned with developing a tool to assist fisheries

management by applying GIS to the Oman marine fisheries.



3. Data Complexity in Marine Fisheries

"The late 20™ century has witnessed increasing crises in the world’s marine
fisheries. A causal analysis of these reveals that a common element are
various manifestations of spatial inequity. This most frequently includes
the inequity of access rights to the resources, but factors such as variations
in resource depletion, spatiotemporal variations in stock recruitment, the
imposition of regulatory zoning, destruction of marine ecosystems and
siting of mariculture facilities are other examples."

(Meaden and Do Chi, 1996. p. iv)

Fisheries around the world are reported to be in a crisis (FAO, 1993; Brown,
1994; Buckworth, 1998), and a large part of fish stocks are fully or overexploited
(Garcia and Newton, 1997). Despite the fact that fish species have virtually
disappeared from some parts of the world’s seas, no one has yet developed a
system that can assist in the management of marine fisheries. The problem of
overfishing around the world has been strongly related to the uncontrolled
commercial fishing activities (Gwyer, 1991). Some of the fish stocks of some of
the world’s fishing areas have collapsed as a result of commercial fishing. This
problem has been recognized in Europe, and has occurred due to the poor
management systems that have been used in fisheries. The problem of stock
collapse has forced fisheries authorities in different parts of the world to consider
about GIS. Although the basic idea has been proposed, however, very little

progress seems to have been made to date (Meaden, 1994).

Many difficulties arise, when fisheries management systems are to be
implemented in general (Sumalia, 1998), and for GIS in particular, due to
uncertainty. Fish stocks, for instance, are always changeable and uncertainty
should be explicitly considered. Estimating the size of fish stock, for example, is
said to be usually within one third to one half of its actual value. In fisheries,
however, and because of the uncertainty, this is considered acceptable (Wilson et
al.,, 1994). Part of the uncertainty is the difficulty in determining, using the
ordinary fisheries systems, where the fish were caught, and so the catch per unit
area is always in doubt. Due to the uncertainty, spatial data of the catch must be
considered when managing fish and by taking a periodic catch per unit area, for
example, the level of uncertainty can be reduced so improving fisheries

management procedures .



Part of the difficulty in establishing a GIS for fisheries management is that the
fisheries environment involves more than one element from a traditional
fisherman, who uses a small boat, to a large commercial vessel. In addition to
that, a marine fishery is a mobile sector, which makes it difficult to target and
capture. There are other difficulties to overcome when building a GIS for marine

fisheries management as is discussed throughout this research.

Buckworth (1998) argued that world fisheries are at risk, and that there are two
main components to the problem. The first is that the catch of fish from all over
the world are near to the limit for sustainable yields where more catch can damage
the stocks, and second that many fish stocks are already overfished. This raises
the question of the abilities of the current management systems. Charles (1998)
emphasizes the idea that the key challenge in recent fisheries management
systems lies in developing new techniques or obtaining better data for managing
the level of sustainability in each of the fishing areas. In summary, one of the
current problem facing fisheries management is to find a better system to deal

with locational data of catch, and GIS could be a tool to solve such problem.

For fisheries researchers and managers, although the idea of improving the current
management systems have been widely proposed and numerous suggestions
made, the possible use of spatial data in fisheries were rarely mentioned as one of
the key factors for better management systems. The point here is that fisheries
management could benefit from the available fisheries spatial data of catch in
helping to understand the spatial fluctuation of catch during five consecutive years
(1991-1995) and the information gained from such analysis will help fisheries

managers to evaluate the states of fisheries and applying the necessary responses.

4. Geographical Information Systems

Almost all living creatures on the Earth exist within a determined space or area,
and Geographical Information Systems (GIS) can be applied in any context where
spatial location is important. The basic concept of GIS that makes it different
from other information systems is one of location, of spatial distribution, and

relationships (Fedra, 1993).



There are many definitions of GIS in the literature, vary with the subject being
discussed. However, the basic components of GIS are almost the same. For
example:

"GIS is an organized collection of computer hardware, software,
geographic data, and personnel designed to efficiently capture, store,
update, manipulate, analyze, and display all forms of geographically
referenced information" [Environmental System Research Institute
(ESRI), 1990].

In relation to marine fisheries, GIS can be defined as an integrated computer-
based system which can handle both the spatial data (e.g. maps of fish
location/catch, maps of landing ports/site), and associated attribute data (e.g.
amount of catch, type of catch, duration, and sea surface temperature), and
produce maps with all related data in graphics, text, and tables. The use of GIS
for management lies with ability to facilitate work in a multi-data environment
and to organize and integrate these data for analysis. Visualization is also
embedded, so as to facilitate decision making. The multiple roles that GIS can
perform in terms of visual output can positively help the decision makers. The
other advantage of using GIS is the speed with which it handles the large variety

of different types of source data (Isaak and Hubert, 1997).

5. The needs for GIS as a fisheries management tool

As discussed above, GIS have been widely used to manage different
environmental resources. Forest, wildlife, land use, and agriculture are some
examples of such areas in which GIS is playing a major part as a management
tool.  Despite the huge potential of GIS technology for environmental
applications, its full penetration into the marine fisheries field is still

undetermined.

In a country like Oman, there are enormous amounts of marine fisheries data, but
there has always been a lack of awareness of the value of these data. It is time for
this data to be more effectively used to support fisheries management, because

fish stocks are under great pressure that increases on a daily basis.



Commercial fisheries have left few unexploited stocks anywhere in the World. In
some parts of the World sea there are records showing fish disappearing and stock
collapsing (McGoodwin, 1990; Meaden 1994). Obviously, part of the reason
underlying such problems is the ongoing unlimited fishing activities, but the main

reason is the current system in use for fisheries management.

In Oman, the current system used to support fisheries management lacks the
ability to analyze locational distributions of species in which the regulations are
originally based. The initial idea behind setting these regulations is to avoid
fishing the same area for continuous periods of time as a way to avoid the
problems of overfishing and stock damage. Whether these areas have been
damaged or not remains unknown since spatial data are neglected when fisheries

data are stored and analyzed.

Although the problem of stock collapse has been recognised in some developed
countries, in a developing country like Oman the problem is probably still in its
early stages and for that reason the best systems to support management should be

applied before it is too late, and so there is a need to explore the use of GIS.

The major values of the concept of GIS is that it can display output at any stage in
the processing of the data. GIS provides the facility for maps to be incrementally
built up, with desired modifications being possible at any stage. Modifications
might be in terms of changes to the data input to the map, or in terms of the visual
representation of the map. So the GIS user can control, review or experiment at
any stage in order to achieve a meaningful final output. These, however, are all
depends on the amount of available fisheries data and the capabilities of GIS

analysis functions to date.

One of the main reasons for replacing the traditional cartographic mapping
techniques or mapping software by GIS packages is the realisation that this will
allow for a greater variety of analyses and output. GIS have the ability to display
and to re-express the spatially and temporally distributed database and to analyse
whatever subset of the data that might be desired. Another reason is that the
creation of maps or analyses is not costly and time consuming as is the case using

the tools of traditional cartography. Furthermore, it is relatively easy to introduce



new data as they become available, and so rapidly generate new views and
analysis, adding any new spatial data types as hypotheses and ideas change and

develop

One of the significant advances in the application of GIS to fisheries management,
is the mapping of catch or fishing effort distributions, and matching of these to
basic environmental or habitat parameters (Meaden, 1999). These allow for better
understanding of areas suitable for certain types of fish species. Data of
commercial catch per unit area can be used as a basis of measuring stock
assessment, and once data are available to measure the catch per unit effort
(CPUE), it is easy to estimate the stock size at any location rather than relying

wholly on other methods of stock assessment such as cruise survey.

6. Aims and Objectives

The main objective of the work described in this research is to use the visual and
analytical capabilities of GIS to assist the fisheries management authorities in
Oman dealing with spatial fisheries data. That is, to explore the use of GIS
technology in the marine fisheries arena using GIS techniques and functionality to
organise, analyse and display marine fisheries data. To explore such a use would
benefit fisheries management in finding several important areas such as areas of
high and low catches, high fish density, effort concentration, under-exploitation,

and overexploitation.

In detail, the objectives can be described as:

I. To integrate the data types and to subset then by species by time and by
location for the purposes of deriving data and map products which might be
useful in management using the national catch data for Oman (Chapter 6),
which are a systematic five year record (1991-1995).

2. To illustrate how any supplementary environmental variables that might be
added will enhance the analyses (Chapter 7). For Omani waters such data,
however, are becoming widely available since 1995.

The specific aims of this project are concerned with two main tasks that must be

established before the implementation of the GIS can take place. These are:



- Building an integrated database system that holds the three types of
fisheries data (traditional, trawlers, and longlines).

- Integrating the different geographical footprints of the three types of data,
i.e., finding a uniform method/methods of representing the spatial fisheries
data.

Once that is achieved, several map types (outputs) can be expected such as:

- Mapping total catch distribution of different fish species and the catch per
effort per area.

- Mapping fishing densities.

- Understanding the spatiotemporal changes of species.

- Mapping historical catch and areas of catch for different fish species.

In summary, catch per unit effort is a key method used in the process of stock
assessment. The commercial data of catch can be used, together with the fishing
effort data, to measure fish abundance in certain areas. By determining catch per

unit effort, the increase or decrease in catch per unit area can be analysed.

7. Summary and Conclusion

Omani fisheries management authorities need a better management tool with the
capability to organize, analyze, and display spatially related datasets. These tasks
can perhaps be performed only by GIS. All current regulations are based on the
location of catch. However, the management system has not used these spatial
data to assist the management procedure until now. GIS are basically integrated
computer-based systems that can store both attributes and spatial data, that is,
information describing the properties of geometrical objects such as points, lines,
and areas. The main strength of GIS lies in its ability to manipulate data in a large
number of ways and consequently to perform different analytical functions so as
to produce output. It is a technology, which can be integrated with fisheries data.
Understanding catch per unit area, total catch distribution, historical catch, and
spatio-temporal catch, areas of under-exploitation, over-exploitation or damaged
fish stocks, and areas of high fish production can be visualized within the GIS.

This helps to improve the management and decision making systems.



8. Thesis Structure

Chapter 2 provides an overview of the work that has been done in the area of GIS
and marine fisheries. It highlights the reasons why GIS has been slow to be
applied to marine fisheries. The three different types of acquired data (traditional,
trawlers, and longlines) used in the research and their formats are presented in
Chapter 3. The preparation of these data and the investigation of the method
used in constructing the spatial marine fisheries database that leads to defining the
database model are explored in Chapter 4. The proposed integrated relational
database has not been constructed in any previous work, and has been used for the
first time in this research. GIS Implementation (the visual views) of the three
fisheries types is discussed too. Chapter S focuses on the methods used to
integrate the different marine fisheries data, and a standardized output for the
three fisheries types is produced. Chapter 6 concerns the use of the GIS as a
management and decision making tool in marine fisheries. The chapter uses the
catch data to highlight the use of the GIS functions to assist the fisheries managers
and decision makers mainly from the government point of view but also from the
commercial one. A general introduction to applying hydro-biological marine data
and their relationship with the catch data will be the issues discussed in Chapter
7. The last chapter, Chapter 8, synthesizes the research findings and includes

suggestions for the refinement and further development of the approach.



GIS APPLICATIONS IN MARINE
FISHERIES

“Mapping the fishery and the resources should
be among the priority tasks when planning for
fisheries management and should not be
postponed until “complete” information is
available, since redundancies or blanks in the
information base will more readily appear in
the process of elaboration.”

(Caddy and Garcia, 1986. p. 32)



1. Introduction

The potential for GIS applications in the area of environmental management are
many: from monitoring bird populations to modelling the impacts of new
developments, or analysing the effects of changes in management practices. On
the other hand, GIS and marine fisheries is a subject that seems to have received
little attention from researchers. Since GIS have been widely used in other natural
resource fields where spatially related problems are evident, it is likely that GIS
can contribute to the problems of managing marine fisheries. Researchers and
managers, however, have yet to take maximum benefit from the facilities that GIS

can offer in the area of fisheries specifically (Aspinall, 1994).

This chapter highlights the previous work that has been done in the area of GIS
and marine fisheries in particular. Section 2 discusses in details the use of GIS in
marine fisheries. Section 3 highlights the areas where fisheries management can
be improved by the use of the GIS. The limited use of the GIS in the marine
fisheries sector is highlighted in section 4 with the discussion on the main reasons

why use is not widespread.

2. GIS and Marine Fisheries

Very limited studies have been published which directly links GIS techniques in
marine fisheries applications (see e.g., Meaden and Do Chi, 1996). From the
previous discussion in Chapter 1, GIS has been shown to have been used for
management, and decision support in many areas where data is or can be
georeferenced. However, marine fisheries are one of only a few (and possibly the
only) natural resource fields in which the advantage of GIS has not yet been
completely realised. Nowadays, there is a noticeable increase in work related to
marine fisheries; coastal zone management (as noted above) and mariculture’

location (Meaden and Do Chi, 1996) are two areas which GIS has been used.

' Mariculture is another word for ‘aquaculture’ or fish farming’.
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The earliest geographical fisheries models were simple conceptual as a result of
models created mainly for the purpose of explaining the movement of fish
changes in temperature (Hunsaker et al. 1993). However, recent developments in
some related areas such as landscape ecology have created a promising foundation
for the area of ecological modeling which could include marine fisheries

(Goodchild, 1993).

Although limited, examples of GIS use in fisheries do exist, and the main works
that are related to the subject of this study are highlighted in the following
sections. However, one major problem related to most of the work that has been
done in the area of GIS and fisheries, is the lack of enough information on the
system in use. There are very rare explanations of the types of software,

hardware, and methods of data integration and analysis.

2.1 Inland Fisheries

GIS technology provides new opportunities for fisheries scientists.
Predictions of standing stocks, species distributions, year-class strength,
etc., can now be made at virtually any spatial scale, depending only on the

resolution and extent of the data used to construct the GIS
(Isaak and Hubert, 1997, p. 6)

Ehrhardt and Ault (1992) used a GIS to produce original maps of geologic
districts and land-type associations that were related to the distribution of trout
species and physical habitat characters. In addition, using a modelling approach,
Keleher and Rahel (1996) simulated the effect of global climate changes on trout
(freshwater fish) distributions for the state of Wyoming and the Rocky Mountain.
The objective was to study the distribution of trout with regards to the climate
changes. However, Ehrhardt and Ault (1992) did not give any details on how

their system works and the analysis of data.
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2.2 Mapping Marine Fisheries

The importance of mapping marine fisheries has largely arisen since the
beginning of the 1980s. Mapping the demersal resources of the Persian Gulf and
the Gulf of Oman, as an example, was done manually in 1981 by the Food and
Agriculture Organization (FAO) of the United Nations (FAO, 1981) (see Figure
2.1). However, the method of mapping the catch (in kilograms) per hour of

fishing was based on a survey of estimated catch rather than the real catch data.

Thematic mapping of marine fisheries is critical for fisheries managers and
decision makers and can be used to highlight the importance of certain parts of a
marine area for other human activities such as coastal development and navigation

(Caddy and Garcia, 1986).

Butler et al., (1987) studied methods used in mapping marine resources. The
study was generally aimed at those involved in the fisheries and marine services
of government, and those concerned with coastal planning. The overall intention
was to provide the necessary details of the basic concepts underlying preparation
of both maps and charts as well as investigating the methods of fisheries data
collection and the graphic techniques that improve information transfer from
cartographic representation to the end user. They found that the greatest benefit
from these resources is the map which has proved to be the most efficient method
of displaying the necessary resource information. A poor understanding of the
country’s wealthy resources often results in resources being over-exploited or even

destroyed before they are fully determined.
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In 1996, the United Nations Food and Agricultural Organization published a
report of more than 300 pages on the applications of GIS to fisheries management
written by Meaden and Do Chi. The report raises different issues about using GIS
in marine fisheries and discusses the difficulties and capabilities for GIS in marine
fisheries. The report discusses some case studies being undertaken in different
parts of the world.  The report, however, failed to address the methods or
techniques that must be used in order to convert the different formats of fisheries
data into an integrated dataset that is suitable for the GIS. There is also no in-
depth description of how to covert a normally 3 to 4 dimensional data into usable

relational database that can be then linked to the GIS.

2.3 Examples of GIS Applications in Marine Fisheries

Pollitt (1994) discussed the use of GIS for fishery protection in the exclusive
fishing zone of the Republic of Ireland. In addition to the purpose of protection,
the system was used to zoom-in on details of the Irish coastline, reporting fishing
activity at a glance, displaying fishing vessels and methods of fishing such as drift
nets and longlines. The system enables the user to view the fishing rights of the

individual neighbouring European countries.

The fishery protection database is based on the Oracle database system for
handling and processing the details of all fishing vessels operating in the Irish
waters. Basic geographic details of the system include Irish straight baselines, 3-,
6-, 12- and 200- nautical mile fishing limits as well as the limit of nearby

countries.

Figure 2.2 gives an example of GIS output, showing which countries (color-
coded) have rights to fish for certain species within the 6-12 mile fishery zone.
(e.g. yellow for UK, red for Spain, Orange for Belgium, blue for France, and
purple for Germany).

The benefits from using the GIS in marine fisheries and the consequent problems
have been highlighted by Meaden (1994). According to him, the value of GIS in

supporting the overall management strategy can be easily seen in some areas. For
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example the FAO is already setting up an integrated marine fisheries GIS for the

West Africa coastal states. This project is still in development procedure.
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Figure 2.2. Traditional fishing rights zone broken down into colour-coded segments
indicating the fishing rights of individual countries (from Pollitt, 1994)

Caddy and Do Chi (1995) examine recent trends in fish landing in the
Mediterranean and Black Sea basins separately for each statistical area of the
General Fisheries Council for the Mediterranean (GFCM) and compare estimates
of production in different basins. Comparisons were based on GIS databases, and
maps of catches were created per type of fishery per statistical and continental
shelfarea. The GIS was used for two main purposes:

1. To overlay the shelf areas with GFCM statistical areas in order to define

the shelfareas within each statistical division.

2. To elaborate maps of catches per type of fishery per statistical and per
shelfarea.

However, the use of the GIS has concentrated on the area of continental shelf
where basins have been identified. Applying GIS to a rather wide area such as the

200 mile zone is more sophisticated and requires large operations o fanalysis.
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A GIS has been used for Bahrain fisheries in order to provide rational
management, fisheries statistics, fishing vessels utilization, economical forecasts,
information on the location ofthreatened and endangered species, and fast access
and easy generation o f different status reports for decision makers in the fisheries
management process. The system, however, has been created mainly to manage
the shrimp or prawn fishery (see Figure 2.3), as this is one of the important
economic fish species in the national waters of Bahrain. The system also lacks
any accurate fishing positions (areas) reported by the fishermen and a proper
amount of historical and temporal data. The fishing areas ofthe system (based in
ArcView 2.1) are very large and should be subdivided into smaller units for better

analysis (Mehic et al. 1986).
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Figure 2.3. Bahrain Shrimp Catch (kg) per hour for the 1995 (from Mehic et al. 1996)

Kraak and Ormeling (1996) used the visual ability ofthe GIS in mapping statistics
of fish catch in Africans countries (Figure 2.4). Their main goal was to visually
illustrate the amount of catch per area using the proportional mapping method (the
larger the circle the higher the catch) as this would help in better understanding of

status of fish catch participation ofthe African nations.
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The exploration of analytical abilities of the GIS have not been considered by
Kraak and Ormeling (1996). The main objective of using any GIS system is not
only its visual ability of displaying data, but also its power to analyse multiple

layers of data.

In France, where shellfish cultivation is important and where some 3,500 people
depend directly on oyster production for their living with 35,000 tons harvested
every year, GIS technology is being used to bring together a variety of geo-
referenced data at a number of different levels, covering the local environment
and cultivated areas. The overall aim is to maintain the ecological balance of the
environment and to encourage sustainable methods of oyster farming (Marshall,

1998).

Overall, there has been limited work that has discussed in detail the method to use
GIS in both inshore and offshore fisheries. Most projects that have used the GIS
in fisheries applications have targeted very specific areas to analyse and manage.
Methods of data handling data integration and processing are also rarely
mentioned. This thesis highlights these areas by applying the GIS technology to
the whole fishing zone of Oman, and uses the variety of analytical operations that

are available within the GIS system.
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Figure 2.4. Mapping statistics of fish catches in Africa (from Kraak and Ormeling, 1996)

3. Improving Fisheries Management

The aim of fisheries management is to establish the status of a
resource and to determine the levels at which it may be sustainably

exploited
Michael King, 1995, p. 236

In fisheries there are two main parties with interests in fisheries management:
government and industry. The former’s objective is to insure the sustainabilty of
the catch as well as to increase the employment and the national income, whereas
the latter are more concerned with maximizing their catch while minimizing the
effort. It is rather difficult for the government to control the activity of the
commercial vessels (Fabrizio and Richards, 1996) and so the stock is always in
danger of overexploited. However, the best method to control these activities

from the government point of view is probably to control the amount of applied
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effort and monitor the rate of catch in each of the fishing areas as that the amount

of catch from any given area can be controlled.

Specifically, the main concern of fisheries management is to ensure sustainable
production over time from fish stocks (Hilborn and Walters, 1992, p3). Using
knowledge of the stock authorities usually take difficult decisions of management
mainly by specifying limitations to the catch, and industry can then target
effectively where and when to fish. Important aspects of stock assessment, which
are part of the regulatory process include time of fishing, size of fish, total
landing, and areas of fishing (Hilborn and Walters, 1992, p3). The data from the
commercial fisheries, for example, can support the process of stock assessment if

effort is well known.

Crucial to stock assessment is the measurement of effort. To calculate fishing
effort the characteristics of the vessels must be known (such as vessel size,
tonnage or speed, type of gear, number of fishing crew, number of hooks). The
relationship between catch and effort is discussed in details in Chapter 6 of this

study.

The role of GIS in fisheries management can be summarized as the follows:

I. Fisheries authorities are in need of a GIS to help in monitoring the fluctuation
of catch in fishing areas (Meaden, 1999) from the knowledge of the stock size
in that area. The level of fishing effort applied also depends on the size of
stock. When dealing with a large area of fishing, such as of Oman, it can be
hard to appreciate the states of fish stocks in all different areas. With the use
of GIS the process of tracking the changes in effort and catch in different areas
can be improved. King (1995) has indicated that a monitoring program of
fisheries must be used in order for better estimation of stock. King’s (1995)
idea was that if the source of data of catch and effort is available, this then
could assist the effectiveness of management strategies as well as studying the
process of exploitation. For example, by monitoring fishing activity, the level
of effort per area can be observed and controlled especially when it reaches
the level where further increase in effort will no longer produce an increase in

yield.
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2. GIS can help in understanding the areas of multiple fish concentration. This
determination would help in understanding the areas of fish habitat throughout
the total fishing area (Freon and Misund, 1999). Applying certain levels of
effort as well as specifying the type of fishing gear and fishing quota depends

on the types of available species in different areas.

3. Mapping the movement of commercial vessels may help in understanding the
locations of different type of species, because commercial vessels tend to use
advance technology in their search for fish such as fisheries acoustics
(MacLennan and Simmonds, 1992). Many commercial fisheries also use their
historical data of catch to concentrate their effort in the same place and time
(Fabrizio and Richards, 1996). As a result, mapping the areas of commercial
fisheries can give a good indication of where the stocks are located. For
example, the spatial distribution of effort was used in understanding the stock
distribution of the cod and haddock in the northwest Atlantic (Fabrizio and
Richards, 1996). Any changes in the distribution of fishing effort may
indicate a decline in stock abundance as fisheries move to a new (less
depleted) area. The changes in the spatial distribution of effort maybe

associated with changes in stock abundance (Dickie and Paloheimo 1965).

4. Mapping spatio-temporal distributions can also help in understanding the
unexploited areas of catch. These are the areas where catch per unit effort has
been high but with, in total, low amounts of effort applied. It can also be used
to show these areas where no commercial catch has been taken and where

research fishing trips may be desirable.

4. Problems of GIS in Marine Fisheries

"Although marine fishing is the world’s most extensive economic activity,
and marine resources are presently exploited in a near "free-for-all"
manner, there have been no national attempts to utilize Geographical
Information Systems (GIS) as an aid to monitoring or controlling the
industry"

(Meaden, 1993, p.1)

Although GIS have been partially used in fisheries it is clear that it is still

restricted when compared with what has been done in other areas of natural
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environmental management. There has been some debate attempting to highlight
the main problems of that. Meaden (1994) has argued that fish are on the move
and mapping a constantly mobile phenomenon brings with it obvious challenges
and that a lot of factors should be included such as speed of fish and the seasonal
controls on their activity. Fish catch, due to fish movement, also have a poor
temporal scale and this can make it difficult to map, although, this difficulty can
be resolved by having historical and temporal quality and quantity data (Kemp
and Lee, 1998). The amount of temporal data for total catch can help the user
(e.g., fisheries manager) to understand the patterns that can be extracted from such
data. This includes determining what type of species exist at specific times of the
year in specific areas of the sea. GIS itself is a relatively new technology and
many people are unaware of its capabilities and/or aware that the cost of applying
such technology is high when compared to any other computer-based information
system. Meaden and Do Chi (1996) have discussed in detail the main reasons
why marine applications of GIS have been slow to be applied in the marine

fisheries sector. These reasons are shown in table 2.1.

5. Summary and Discussion

Fish are an important natural resource but recently the fishing areas and fish
stocks have been under a great deal of pressure especially from the large
commercial vessels. Fisheries authorities, like other natural resources managers,
are looking to GIS to provide part of the solution for better management.
Although the idea is there, little work has been done in this regard. Marine
fisheries are a complicated environment that has a strong relation with other
influencing factors and facts. It is mobile, fuzzy, and changeable. GIS with its
capabilities of storing, organizing, and displaying the data in a way that is unique
and impressive, makes it the most efficient system in the area of information
technology. There is a growing interest in the field of GIS and marine fisheries.
However, it is understood that the examples cited are still far from creating a
general and useful system. One general limitation found in the literature is the
method of data handling of different types of fisheries sector (traditional and

commercial) data, which has not been well explored
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» The difficulties in mapping many marine species distributions, especially in a 3-D
environment.

The fact that the marine environment is constantly changing i.e. exhibits high

A\

time/space variability.

The high costs of obtaining marine related data.

The large spatial units which need to be covered.

The lack of recognition of the spatial aspects of fisheries management.

The cooperation problems which need to be overcome in data collection.

YV V.V V Vv

The difficulty of defining boundaries around "fuzzy" marine resource distributions.

The problems of storing the huge amounts of data which are necessary for a reliable

‘7’

marine GIS.
» The lack of suitable databases in many areas of fishery resources.
» The lack of integration and/or the fragmentation of decision making amongst those

responsible for fisheries management.

Table 2.1. Reasons why marine applications of GIS have been slow to be implemented
(From Meaden and Do Chi, 1996)

Fisheries data have been collected and stored using different methods.
Understandably, it is difficult to handle both traditional fisheries, which exist near
the shoreline, and commercial that occur in offshore (in deep-sea) areas using the
same implementation. These data should be integrated first. The method of
handling these data is rarely mentioned, and the method of identifying fishing area

(geo-referenced area for GIS) is never discussed.

Spatial data integration is crucial to any geo-referenced natural resource
management system, but research in GIS and fisheries has rarely discussed the
issue. For example, traditional and commercial areas need to be integrated as well
as catch data. This basically leads to a better understanding of the total view
image of fishing activities both close to the shoreline and far away. Since fish are
mobile and the chance of all types of fisheries to catch the same type of species is

high, integration will help understanding of the distribution of fish stocks
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throughout the marine area and may lead to a better understanding of the

movement of some species.
The purpose of this research is therefore to develop a prototype system that can

used as a tool to those concerned with making decisions related to the fisheries

environment.
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CHARACTERISTICS OF THE
SOURCE DATA

"Conflict of interest among fishers characterizes most
fisheries and leads to competition for the resource. This
puts a premium on present actions and discounts the
future. As a result, most common-property fisheries

inexorably move toward overexploitation.”
(Paul J.B Hart, 1998. p.227)



1. Introduction

Most GIS applications in environmental management require huge amounts of
data from a myriad of sources. Fisheries management is one of those areas
(Meaden and Do Chi, 1996). It is believed that there is a lack of data (in both
quality and quantity) to be used in a fisheries management system (Kemp and
Lee, 1998). The main concerns when gathering fisheries data for this research
was to collect the maximum (quantity) reliable (quality) data for both traditional
and commercial fisheries to provide optimum outputs. For that reason, the
national catch data for Oman for the period of 1991-1995 were obtained for this
research from all the different sources and participants involved in the fisheries
industry. Although, all the data were collected successfully there is no assurance
or guarantee that these data are complete or accurate especially when derived

from commercial fisheries.

The intent of this chapter is to explore the process of data gathering: what are
these data, where they came from, and what are their characteristics. Section 2
gives a brief introduction to the location of the Sultanate of Oman and the history
of its fisheries activities. Section 3 explains the components of the fisheries sector
in Oman and both types of fisheries (the traditional and the commercial fisheries)
are discussed in detail as well as the Governmental regulations applied to them.
Section 4 provides details of the characteristics of the data gathered. The use of
Global Positioning Systems (GPS) by commercial fisheries is explained in section
5. Finally, the characteristics of spatial data collected for this research are

discussed in section 6.

2. Background

2.1 Location of Oman

The Sultanate of Oman occupies the south eastern corner of the Arabian Peninsula
and is located between Iatitudes 16° 40' 00" and 26° 20' 00" North (N) and
longitudes 51° 50" 00" and 59° 40' 00" East (E). The coastline extends 1,700
kilometres from the Strait of Hormuz in the north to the borders of the Republic of
Yemen and overlooks three seas: the Arabian Gulf, the Gulf of Oman and the
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Arabian Sea. The Sultanate of Oman borders Saudi Arabia and the United Arab
Emirates in the West; and the Republic of Yemen in the South. The total land
area is approximately 309,500 square km. Figure 3.1 shows the map of Oman and

the three scas along its coastline.
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2.2 History and development of Oman Fisheries

For centuries the coastal waters of Oman have been exploited by small and often
isolated fishing communities. In recent years much has been done to expand and

modernise this traditional industry.

More than 150 species of fish and crustaceans have been identified in Omani
waters, ranging from shrimp to sardine to tuna. A wide variety of fish are eaten
locally - yellowfin tuna (Thunnus albacares), kingfish (Scomberomorus lepturus)
and grouper (Serranidae) being very popular - while shoals of tiny sardines
(Clupeidae) are netted for use as fertiliser and animal fodder.  Sharks’
(Carcharhindae) fins are exported and lobsters (Palinuridae), which used to be
avoided by fishermen, are now caught for the lucrative hotel and restaurant trade.
The quantity of the total catch landed rose rapidly during the 1980s, reaching the
peak in 1988 after which there has been a decline. Research carried out by the
Marine and Science Fisheries Centre (MSFC), set up in 1986 at ‘Sidab’ area with
the help of FAO and UNESCO, has indicated that overfishing had played a part in
this decline. It is suspected that the approach to fisheries management is the main
problem. The last fish stock estimation was done many years ago. The total fish
stocks at that time were estimated at over 5 million tons, yielding a potential
annual catch of about 4 million tons. These stocks include between 15,000 and

27,000 tonnes of kingfish, 50,000 tonnes of tuna and 2,000 tonnes of shellfish.

The Ministry of Agriculture and Fisheries (MAF) has taken a number of steps to
conserve fish stocks while at the same time developing commercial fishing and
preserving the livelihood of traditional fishermen. These include restricting the
fishing for lobsters and abalone to two months in the year (January and
December), regulating the size of nets and equipment used for fishing, as well as
defining the areas, depths, quantities and kinds of fish that may be caught
commercially. These regulations are designed to protect the traditional fishing
industry. Inspectors, assisted by the Royal Air Force of Oman and Royal Police
coastal patrols, monitor commercial fishing vessels. Commercial fishing is
limited to 15% of the total catch, within Oman’s territorial waters; foreign vessels
may not fish without a licence to do so. However, with all these restrictions and

regulations, a continuing decline in the amount of landed catch has still been

30



recorded (Annual Statistical Report of 1994 and 1995). The MAF believes that

the use of GIS in the fisheries sector can provide a tool for better management.

2.3 Principles of Fisheries Development in Oman

The fishery sector is considered to be one of the most important economic sectors
of the economy as it provides employment opportunities for more than 25,000
people, revenue and nutrition for the whole population and around 30 to 35% of
the total landing is exported. To manage fish resources the MAF has specified
the four following principles of fisheries development in Oman (Marine and
Living Aquatic Resources Protection Law, 1981):

1. The resources within the Exclusive Economic Zone (EEZ) are reserved for

the benefit of the country;

2. Fisheries development has priority in the economic diversification of the
country;
3. The traditional fishermen are and will continue to form the foundation of

the fisheries sector;
4. Fisheries development policy is guided by conservation based on optimum

utilization of resources.

2.4 Marine Fishing and Living-Aquatic-resources Protection

Law

The protection law called the ‘Marine Fishing and Living-Aquatic-resources
Protection Law’ contains articles and regulations that are set by the Government in
order to protect the living marine organisms. The regulations were set by the MAF
mainly to control both the traditional and commercial fishing activity in the

national waters of Oman.

Living-aquatic-resources means animals and plants that live in fishing waters or
interior waters or in the depths of the sea, or sediments, or substances that form
inside the bodies of those living creatures (pearls), or after their death (coral
reefs). The law explains the regulation in seven chapters that are summarized as
the following:
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1. Licenses for marine fishing which, states that fishing and related
activities 1s not to be practiced without the required license.

2. Fishing license fees.

3. Protection and development of living aquatic resources which indicates
that, all fishermen shall immediately return to the sea, all live juveniles if
found among shrimps and fish catch.

4. Regulation of fishing which controls the types of fishing gear, fishing
vessel and the areas of fishing.

5. Preservation, transport and marketing of living aquatic resources
which regulates the activities of fish exploitation, handling, marketing,
transportation, and preservation.

6. General provision which specifies the management of the process for
buying, selling and renting fishing vessels.

7. Penalties issued to those violating any of the protection laws.

The regulations discussed throughout this research were formed by the MAF on
1981 and evaluated and renewed on 1991. Each type of fishery has its own

restrictions and regulations.

In general, fishing is not allowed without the authorization of the MAF, and for
both traditional and commercial fisheries, a fishing license is required for both the
person (fisherman/captain) and the fishing boat or vessel. The restrictions applied

to commercial fisheries in particular will be discussed throughout this chapter.

3. Types of fishing industry

The fishing activity in Oman is divided into two major sectors, the traditional and
the commercial sector. The latter is categorised into two main types according to
the method of fishing used and the species caught: (a) trawlers which use trawl
nets to catch demersal fish and (b) longlines which catch large pelagic fish found
in open seas such as yellowfin tuna. For the purpose of this research, and the way
the data is gathered and later organised within the database, the fishing sector will
be divided into three types according to the fishing method: (a) Traditional, (b)

Trawlers and (c) Longlines.
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Traditional fishery refers to the small boats operated near the coast at a distance of
approximately 20 km from the shoreline. These catch all types of fish.
Commercial fishing, trawlers and longlines, on the other hand, refers to large
fishing vessels that operate on the high seas at specified places and catch demersal

and pelagic fish respectively.

3.1 Traditional Fisheries

Traditional fishery occurs along the coastline of the country. There are six main
fishing regions in Oman each containing several villages or sites where traditional
fisheries are based. Table 3.1 shows the six main regions with their landing sites
(villages). The traditional fishermen use small fiberglassl fishing boats and make
on average, one trip per day. Figure 3.3 shows the main landing sites over the

coastline of the country.

Most of the fishermen use two or three fishing methods such as hand line, traps,
trolling, and gillnets (drift gillnet and pen gillnet). Various fishing gear are used
to catch the same species; for example drift gillnets, pen gillnets and hand line are
used to catch kingfish; Drift gillnets and trolling are used to catch yellowfin tuna;

and Traps, pen gillnet and hand line to catch demersal species.
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Villages/Sites

Region

KHASAB

BUKHA

DABBA

MUSANDAM

SHINAS

LIWA

KHABURA

SOHAR

SAHAM

OO NOOAIW[ND =

WIDAM

-
o

MUSANAA

SUWEQ

BARKA

ALSWADI

BATINAH

-
F N

SEEB

[y
O

CAPITAL

b |k |-t
WIN)|—=

16

SIDAB

17

QARYAT

18

DAGMAR

MUSCAT

19

FINS

20

TIWI

21

KALHAT

22

SUWEH

23

SUR

24

RUWES

25

DAFFAH

26

ASHKARA z

27

RASRUWE

—

28

MASIRAH

SHARKIA

29

MARUT

30

KHLOUF

31

SEDRAH

32

SERAB

33

NAFUN

34

DUQM

35

SHUAIR

36

RASMADR

37

HAITEM

38

LAKBI

39

SOQRAH

WUSTAH

40

SHUWAIM

41

SHARBIT

42

SADAH

43

HADBEEN

44

RAYSUT

45

MIRBAT

46

MAGHSAI

47

RAKHIUT

48

DHALKUT

DHUFHAR

Table 3.1 Traditional landing sites

' Fiberglass has been widely used for the last decade, although there are other types of fishing boats like

aluminum and houri they are rarely used nowadays.
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3.2 Trawler Fisheries

Trawlers are allowed to catch all demersal types of fish, which means a large
number of different species. Both groups of species found on the ground of the
continental shelf and species, which come near to the sea bottom searching for
food, can be trawled. These nets can also be use to catch species which are far

from the seabed by increasing the speed of the vessel.

Although these vessels catch mainly demersal species, the records shows that
other type of fish have been caught by trawlers, such as mullet, all small pelagic
fish and lobster which are crustaceans. The production of all type of fisheries in
general and trawlers in particular can be classified into demersals, large pelagic,
small pelagic and crustaceans. Table 3.2 shows the groups to which individual

species in Omani fisheries belong (this is very similar to the standard fish

classification).

Demersal Large Pelagic Small Pelagic Crustaceans (Shellfish)
Emperor Yellowfin tuna Indian mackerel Lobster
Seabreams Longtail tuna Sardine Shrimp (prawns)
Grouper Striped bonito Small jacks Cuttlefish
Croaker Frigate tuna Mullet Abalone
Grunt Kingfish Baby shark Crabs
Snapper Barracuda
Jobfish Cobia
Rabbitfish Large jacks
Catfish Large shark
Trevally B.Marlin
Salmon bass Mahimahi
Puffer Sailfish
European squid Sword fish
Ribbon fish
Others

Table 3.2. Classifications of fish species (see Appendix A for the Scientific (latin)
names of all types of species discussed in this research) used in Omani

fisheries (not all species are included)
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3.2.1 Trawler Fisheries restrictions

The following are the restrictions imposed on trawlers fishery:

1. These vessels are allowed to fish on the continental shelf between latitude
21° 00" 00" North, which passes south of Masira Island and Longitude 55°
45' 00" East, which passes by the Halaniyat Island, and at a distance of
more then 10 nautical miles from the coast and depths grater than 50
meters.

2. No vessels of this type are allowed to fish the same area for more than

three consecutive days.

For trawlers to make a fishing trip a copy of the 'one voyage/trip fishing vessel
license' (Figure 3.2a) issued by the MAF must be approved and signed by
authorized personnel at the Ministry prior to the trip. On the form, the area of
fishing, the sea depth, the distance from the shoreline, and the trawler's mesh size

are all specified.

3.3 Longline Fisheries

These vessels are allowed to use longlines to fish tuna in accordance with fishing
quotas allowed by the Ministry of Agriculture and Fisheries to companies that
own these vessels. The longlines can fish on the high seas at distances of more

than 20 nautical miles offshore (see Figure 3.3).

The species fished by the longlines are mainly large pelagic fish. Although tuna is
the main product of these vessels, longline is involved in catching other species

such as shark

3.3.1 Longline Fisheries Restrictions

l. Longlines fishing is forbidden within the area of 20 nautical miles of the
coast as this is dedicated to traditional fisheries and its future

developments, and allowed only in the area from latitude 24° 45' 00"N
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offshore Shinas® to the Gulf of Oman down to longitude 54° 00' 00"E

offshore Raysut® in the south.

2. No fishing is allowed north of 24° 45' 00"N and west of longitude 54° 00'
00"E.
3. With regard to Islands in general, the nautical mile is measured from the

Island shore (see figure 3.3 for the 20 nautical mile zone).
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Figure 3.2 a) Fishing vessel license for trawlers fishery and b) Fishing vessel

license for longlines fishery.

> City and fishing site at the north of Oman (see figure 3.1)

* Port and fishing site at the south part of the country (see figure 3.1)



Similarly to trawlers, a copy of the 'Tuna fishing vessel license' (Figure 3.2b) for a
single fishing voyage or trip must be approved and signed by authorized personnel
at the MAF before making the fishing trip. However, the longline fisheries
license is only valid for a maximum of two months from the data of issue. It is
issued in order to control the fishing activity of longlines in general and maintain
the tuna stock in particular. In the longlines fishing licenses' form, the area of

fishing, the 20 nautical miles distance from the shoreline, and the use of only the

longlines fishing method are all specified

> The 20 nautical
mile zone

Land

20 n.m. zone.shp

Portsnames.shp
[] Marine Area.shp

Arabian Sea

Figure 3.3 The 20 nautical mile zone where longlines vessels are forbidden to

access and fish.
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4. Types of collected Data

Different methods of data collection are used by the MAF in collecting fisheries
data. The three types of fisheries data, traditional, trawlers and longlines are
collected from multiple sources. These data are of different formats and treated
separately. This section discusses in details the methods used to gather the

different types of fisheries data and their characteristics.

4.1 Traditional Fisheries Data

Traditional fisheries data are collected for the catches of small boats operating
near the coast and collected at each landing port. The basis of the data collection
system is a large-scale continuous sample survey of selected traditional fisheries

landing sites in the administrative regions.

The selection of sample days during a month at a landing site is done at random.
The sample size set for a landing site, that is the number of days in the month to

be sampled, is determined by the expected total catch during the month.

Data has been collected by field staff using the vessels landing sheet (Figure 3.4a
and b). The number of days on which samples are taken at the major landing sites
during each month are diverse (e.g. Sur 23 days, Masira 22 days, Shinas 16 days).
On the selected sampling days landing data are recorded by a single data collector,
generally during a specific period of five hours. On some days the period is in the
morning (05:30-10:30), on others it is in the afternoon (10:30-15:30), and
occasionally it is in the evening (14:00-19:00), as different fishing methods have

different times of landing.

The enumeration units are the small boats landing fish. Data are recorded for each
boat separately on the landing log sheet. This data has been computed and stored
within the MAF using dBase IV. This research gathered those data for the period
1991-1995. The data has been imported to Microsoft Access, and will be

discussed further in the following chapter.
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4.1.1 Characteristics of Traditional Fisheries Data

The primary data collected from the MAF are of multiple columns. Figure 3.4a)

and b) represents the original boats/vessel landing log sheets used to collect the

data.
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Figure 3.4a) Boat/Vessel landing logsheet and b) catch description of each

boat/vessel.
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Form 3.4a records the following data: each landing boat/landing time, boat type,
license number and crew number. Form 3.4b records the following information:
each sampled boat, trip duration, number of fishermen, and for each landed
species; name, number of fish and average weight, fishing methods, number of
fishing units and price. These data are collected by a number of samplers

employed by the MAF, covering most of landing sites along the Oman coastline.

The catch by species is expressed as the number of fish in each sampled boat and
the average individual weight. The total weight is the product of the number of
fish by the average weight. Concerning such species as sardine, and bottom fish
which are landed by truck or basket, the number of fish is difficult to obtain, and
the total weight is estimated and recorded. Other data recorded, concern fishing
effort as type of boat, number of fishermen, fishing methods, number of gear units

and fish average price at the landing site.

There are two different database files stored in dBase IV. The schema diagrams
of those files and their data contents are shown in Figure 3.5a and b. The schema
in Figure 3.5a is a direct output from the original data sheet shown in Figure 3.4a.
Figure 3.5b is basically one single schema and it has been divided into four layers
of schemas to fit within the page space. It should be noticed that these tables have
not been normalized (Elmasri and Navathe, 1994), and the primary data contains a
lot of redundant information and many empty columns. The issues of redundancy

and database design in general are discussed in chapter four

Since the traditional fisheries data has been collected using sample survey and
landing port selection is done at random, the selection of boats to sample within a
landing port is also done at random. One in five boats landing fish is selected and
the catch data is recorded. The sampled boat is given a value of TRUE’ under the
field SAMPLED’ in Figure 3.5a.
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3.5b

SAMPLEDATE  |SEQUENCE |TYPE  |LICENSE |CREW SAMPLED
1/1/94 1FG 2 TRUE
1/1/94 2FG 2 FALSE
1/1/94 3FG 2 TRUE
1/1/94 4FG 2 TRUE
SPECIES |PIECES [AVWT |[TOTALWT  |AREA [TIME SAMPLER |CONDITION
MUG 3 1.60 SOHAR 725
TA 4800 BARKA 725
'SCK 5 075 SEEB 725
GEAR GEAR_SIZE GEARUNITS  |VESSEXPAN
GEAREXPAN  |CALCWT[REC_NO [FLAG [DEPARTED [BOAT_HOURS |GEAR_HOURS
1
1
PRICE_UNIT [KILO_PRICE |SELF_CONS [SELF_WT [USERID
HUS

Figure 3.5 a) Boat landed data, b) catch information

Where:

SAMPLEDATE: Date sampled

SEQUENCE: Sequence number

TYPE: Boat type

LICENSE: Boat license number

CREW: Number of crew on board

SAMPLED: Whether the boat has been sampled (value: 'Y") or not (value: 'N’)
SPECIES: Type of landed species

PIECES: Number of pieces of the same species

AVWT: Average weight of each species

TOTALWT: Total weight of total number of pieces per species
AREA: Landing site

TIME: Landing Time (24 hours system)

SAMPLER: Name of the sampler (data collector)
CONDITION: Condition of landed fish (fresh, not fresh, iced)
GEAR: Type of fishing gear (net)

GEAR_SIZE: Size of fishing gear

GEARUNITS: Number of gear units used

VESSEXPAN: Any vessel explanation

GEAREXPAN: Any gear explanation

CALCWT: The total weight of all species per boat
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REC_NO: Sequence number for the sampled boats

FLAG: Boat flag (if any)

DEPARTED: Time of boat departure from the port

BOAT_HOURS: Number of hours the boat was at sea

GEAR_HOURS: Number of fishing hours

PRICE_UNIT: In O.R (Omani Rials). To the north of the country near the United Arab
Emirates (U.A.E) some are sold fish in Emirates Dirham (E.D.)

KILO_PRICE: Species kilo price

SELF_CONS: Fisherman self consumption ('Y’ is fisherman kept some species for self
consumption, otherwise 'N’)

SELF_WT: The weight of fish kept for self-consumption

USERID: ID of data collector/sampler

4.2 Trawler Fisheries Data

Figure 3.6 shows the map representing fishing areas that are specified for the
trawlers. The trawler fishing areas are divided into squares of 30 * 30 miles
which are divided into nine smaller squares of 10 * 10 miles. To indicate the
fishing area, the Captain of each fishing vessel indicates the number of the large
square and of the small one. For example, 755-8 indicates the small square 8 that

exists within the large square of 755.

The Captain of each vessel has the responsibility of filling an activity report that
should be submitted to MAF at the end of each trip (Figure 3.7 gives an example
an actual form submitted by a trawler). Each trawler makes a weekly to monthly
trip to the specified area. The report submitted to the MAF includes information
about fishing location, fishing area, date of fish, type of species caught, and
amount of catch, in number and total weight in kilograms for each type of species.

The total annual catch by each vessel must not exceed the specified quota.

The data collected for the period of five years (1991-1995) incorporate many
problems to be solved before it can be useful. The main problem is that the data
were in their original format: the vessel log sheets. These data have not been

stored or processed by any computer system. Only the total amount of catch has
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been computed. The process has excluded the information concerning locations,
even though the system for fisheries management was built on the basis of

locational information.

Slﬂ \ O man Ashkara 772 6" . zone.shp

Portsnames.shp

Arabia / I IMarine Area.shp

10 * 10 miles
trawler fishing
areas

Nafumt

Shuair)

Rasmac

Shuwj

Figure 3.6 Trawlers fishing areas located at the southern part ofthe country within

the Arabia Sea territories.

Direct entry of these data using the keyboard was the only available solution to
this problem. The total number of collected and saved records per year from

trawlers is summarized in Table 3.3.

Year 1991 1992 1993 1994 1995
Number of collected fishing reports /fishing trips 52 48 45 50 52
Total number of fishing days 690 701 698 700 705

Table 3.3. Number ofcollected fishing reports and fishing days from trawler

fisheries.
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The second problem is concerned with the availability of the data within the

Ministry of Agriculture and Fisheries.

Many of these data have been lost or

moved to somewhere else especially for the period of the first two years (1991-

1992).
sources and participants. These sources can be summarized as follow:

1.

Ministry of Agriculture and Fisheries (MAF)
2. Marine Sciences and Fisheries Center (MSFC)
3.

Fisheries Companies in Oman:

Omani companies:

Oman Fisheries Company
Oman Gulf Company

Oman Sea Company

Foreign companies:

Korea Overseas Fisheries Company

Kum Pyuong Fisheries Company Ltd.

Myung jin company Ltd.
Handdo Fisheries Company Ltd.
Goldenlake Company Ltd.

The research took the initiative of gathering these data from different
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MINISTRY OF AGRICULTURE & FISHERIES RESOURCES
Directorate General of Fisheries Resources
inspection Section
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Figure 3.7 Fishing operation logsheet for trawlers

Gathering these data from different sources meant that there is a chance of having
both duplicate data within the database, and loss of data. Duplication has been
avoided by cross-checking since each vessel log sheet shows the name of the
vessel, voyage or trip number and the data of departure and arrival. Loss of data,
however, cannot be avoided so easily and is a continuing source of possible

inaccuracy, although all available data have been collected.
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The third and final problem is a concern with the fishing area. The square that
indicates the fishing area represents a large area (10 square miles). No data is
available or required by the Ministry on the exact location within the square,
although these vessels use a Global Positioning System (GPS) to determine their

location at sea. These vessels are allowed to fish at any point within the square.

It is essential to mention, again, that these data have no guarantee of completeness
and accuracy, and for that reason mainly, the purpose was to gather the maximum
data that will assist the final output of the study. The 5 years data will help in
determining the patterns of fish catch by vessels and so better understanding of the
areas where fishing is concentrating. These areas of all years high fishing activity

and high catch could be used as an indication of the fish biomass areas.

4.2.1 Characteristics of Trawler Fisheries Data

As mentioned, trawlers catch the species existing on the seabed of the continental
shelf and species that search for food near the sea bottom. Different features can
be observed from the trawlers primary data. Referring to Figure 3.7 these features

are:

- There are over 40 different species in the trawlers fishing report including

kingfish, tuna, squid, salmon, and shellfish (crustaceans) such as lobster.

- Fisheries data in general and trawler data in particular are of four-
dimensional format. The 4-D data can be discussed with regards to the
contents (data) of Figure 3.7. The log sheet presents the amount of catch
of one vessel (Myunjin 55) for any particular species (kingfish
(Scomberomorus commerson)) in kilograms caught from a specific area
(755-8) at a specific date (25/1/1995). The 4-D data are difficult to be
represented in a single database file with all required information on it.
This has been converted to a suitable 2-D database by creating multiple
relational tables. The representation of this data is discussed in the

following chapter.
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- Some types of fish have the same species name but different codes. The
species names represent the species English (common) name of the species
that can be the same for more than one species but represents different
scientific names. For that reason some species appear to have the same

name but different codes.

4.3 Longline Fisheries Data

Similar to trawlers, longlines data are captured by the MAF through the activity
reports submitted by the Captain of each fishing vessel. The Activity reports
include data about the duration of the fishing trip, vessel name, registration
number, fishing master/company, location in longitude and latitude, amount of
catch per day per species (yellowfin (Thunnus albacares), b.marlin (Makaira
indica), mahi-mahi (Coryphaena hippurus), sailfish (Istiophoridae), shark
(Carcharhinidae), and swordfish (Xiphiidae)) in kilograms, and a total of all catch
per day and per trip. An example of the logsheet filled by the vessel Captain is

shown in Figure 3.8.

However, these data have the same problems as for trawlers, in terms of their
availability in digital form or even the existence of all required data for the five

years period in analog format within the MAF.

Although the total catch per species per month has been recorded and stored using
Excel, none of these data has been recorded with regards to fish location. Again
entering and storing these data using the keyboard was the only solution to solve
this problem. The number of collected and saved records per year from longlines

fisheries is summarized in Table 3.4.

Year 1991 1992 1993 1994 1995
Numbers of fishing reports/trips | 60 60 65 62 70
Numbers of fishing days 2934 2855 3014 2993 3048

Table 3.4. Number of records gathered and computed from longlines fisheries
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Longlines data have been collected from different sources and participants. The
data have been checked before entering, and any duplicated data has been
removed throughout the process. The main data sources for longliners are:

e The MAF

e The MSFC

Fisheries companies:

e Oman Fisheries Company

e Oman Sea Company

e Oman Gulf Company
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Figure 3.8 Fishing operation logsheet for longliners

4.3.1 Characteristics of Longline Fisheries Data
Since these vessels use the longitude/latitude system the amount of catch of any

fishing vessel at any single day will appear as a point on the sea, and so compared

to trawlers, the longlines fishing data more precisely located. Using the
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Longitude and Latitude coordinate system to record the fishing area results in
more accurate location of catch. The latitude and longitude of longlines are

measured in Degrees, Minutes, and the nearest 10 Seconds (DMS).

The characteristics of longlines data can be summarized as follow:
- Data only exist beyond the 20 nautical mile zone.
- Only six different fish species appeared in the longliners fishing report.
- Similar to trawler data, longlines is a four dimensional data type. The
amount of catch in kilograms for each vessel is recorded by date of fishing

and fish location in longitude and latitude.
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Figure 3.9 Application form for commercial vessel. electronic equipment and

operating details.
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5. Location Determination (GPS)

Traditional fisheries exist along the coastline ofthe country and use no navigation
systems. In general the traditional fishermen depend on their eyes and experience

to determine the distance they have to travel to get to the fishing areas.

For commercial fisheries, both types ofvessels (trawlers and longliners) are using
GPS to locate their specified areas. Figure 3.9 shows the 'commercial vessel
registration application forms' for both types of vessels that must be filled with
details about the electronic equipment including the navigation system in use (e.g.
radar, satnav, and GPS). Then, it has to be signed by the owner ofthe vessel (the
company) and the charterer to ensure that the details given are correct and

according to the regulations. Figure 3.10 shows the GPS devices used in the

commercial vessels.

Figure 3.10 Global Positioning System (GPS) used in commercial vessels.

6. Gathering Spatial Data

Two maps (in analog format) have been gathered for the purpose ofthis research.
Those two maps represent the area of Oman with the emphasis on the coastline
and the sea areas. The first map represents the north part of the country and is

therefore called the morth map', and the second map represents the south part and
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is called the ’south map’. Both maps are of the same scale of 1: 750,000 at latitude

20°00' 00"N. The following is the description of each map:

l. The Northern map covers the area from the 'Strait of Hormus' at longitude
60° 50' 12"E and latitude 26° 39' 00"N at the north to 'Almasirah' at
longitude 56° 15' 00"E and latitude 20° 02' 15"N at the south. This map
shows the longlines area starting at latitude 24° 45' 00"N.

2. The Southern map covers the area from 'Almasirah’ at longitude 60° 50'
12"E and latitude 20° 46' 30"N at the north to "Mina Raysut' at longitude
53°31' 36"E and latitude 16° 20' 00"N at the south. This map shows the
10 * 10 squares of the trawlers fishing areas that are designed by the MAF.

The two maps have been supplied by the Surveying Committee of the Ministry of
Defense in Oman. Both maps were digitized (chapter 4), as the information was

not available in digital format when this research commenced.

The other main spatial data that has been gathered is the location of the landing
sites that are distributed along the coastline of the country. Since not all of the
important sites are shown in the two maps mentioned above, and some of the
locations are not at a definite location or are difficult to digitize, a list of all port
locations (in longitude and latitude) has been collected from the Surveying

Committee.

7. Summary

The purpose of this chapter was to give details on the amount and characteristics
of fisheries attributes and spatial data gathered for this research. There are three
types of fisheries data gathered throughout the work of this research: traditional,
commercial trawlers, and commercial longlines. The data collected represent the
fishing data for the period of five years (91-95). For the traditional fisheries the
primary data has been stored in the dBase IV program within the Ministry of
Agriculture and Fisheries. The trawler and longlines primary data has been
collected from different sources, and different method has been used to prepare
and adjust them for input into computer programs. The creation of digital data for
the commercial fisheries (trawlers and longlines) data has been done throughout

this research. The recent system for fisheries management has applied different
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types of restrictions to fisheries in order to reduce the damage that can be caused
by commercial fisheries and protects the fisheries resources from overfishing.
Commercial vessels use Global Positioning System (GPS) in order to locate the

approved fishing areas.

For spatial data, two maps of scale 1:750,000 showing the north and the south of
Oman and designed specially for the purpose of controlling the marine activities,
have been collected and later digitized to be used within the GIS, together with the

location of traditional landing sites.
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CONSTRUCTION OF THE
SPATIAL MARINE FISHERIES
DATABASE

"The design of the database is not the only component of
the more encompassing design of an information system,
but it is a most important part”.

(Laurini and Thompson, 1992, p. 392)



1. Introduction

In designing Geographical Information Systems (GIS) for marine fisheries three

types of data input, in digital form, are required:

1. Attribute data that describe the phenomenon or object reported such as a
physical dimension or class,

2. Spatial data that define the spatial location of the phenomenon or object
being described, and

3. Temporal data that describe the point in time where the phenomenon

existed.

Examples of a physical dimension might be the type or the weight of fish species.
Spatial location is usually specified with reference to a common coordinate
system such as latitude and longitude. The time when the object is recorded is a
third fundamental type of data input essential for the GIS, although it is not stated
explicitly in the literature (Burrough, 1986; Aronoff, 1989; Frank, 1991; Laurini
and Thompson, 1992; Demers, 1997).

Geographic information describes a phenomenon at a location as it existed at a
specific point in time. Map coverage of marine fisheries data, for example,
describes the location of different fish species at the time of data collection. Since
the fish are moving, this information may quickly be out of date. The importance

of the time element in GIS is crucial to management and decision making.

In order for the GIS is produce the outputs successfully, data must be fully
organized within the database, that is to say, designing the required database is the
most important part of building any geographical information systems. This
chapter elaborates on much of the methodology used to design a spatial marine
fisheries database and it presents the spatial outputs. Section 2 highlights the
overall methodology used to create a suitable database system. The main software
used to hold and organise the data are discussed in detail as section 3. Section 4
outlines the method used to capture digital coverages of the marine area of Oman.
Section 5 discusses the sampling method used to estimate the catch from the

traditional fisheries. The Relational Database Management System (RDBMS)
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forms the contents of section 6. Section 7 explains the use of Structured Query
Language (SQL). Finally, section 8 links the attributes (fish description) and
spatial data (marine area coverage) within the GIS in an endeavour to produce an

integrated visual output.

2. Overall Methodology and System Architecture

This section gives a brief outline of the method used to design the database. The
word "design" in this context means the steps or techniques used to build the

required spatial marine fisheries databases.

The design method consists of phases, with steps, which guide the techniques
appropriate for each construction stage for building the database. Since the design
of the database requires three types of data identified above (attributes, spatial and
temporal), the process used to build such a database involve two main phases:
a) Spatial data construction, i.e. digitizing of the appropriate maps according
to the four steps:
- Digitization of the two maps of the marine fisheries area,
- Correction of the digitizing errors,
- Conversion of the coverages to real world coordinates, and
- Placement of labels and captions (assigning identities to the
digitised marine fishing areas )
More details of the procedure of spatial data construction is described in section 4
of this chapter.
b) Construction of the appropriate relational database for the attributes
(fisheries) and temporal data according to five steps:
- Identification of entity types and relationship types (database
schema) using the Entity-Relationship (ER) model (see section
6.2).
- Identification of attributes associated with entity or relational types
(associate attributes),
- Determination of the primary key attributes (see section 6.5.2) and,
- Determination of the relational integrity (entity integrity constraint

and referential integrity constraint (see section 6.5.3)).
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The temporal data are basically treated as an attribute entity that has been
constructed together with the other fisheries attribute data.

The steps used to build the database system are outlined through Figure 4.1. The
steps and details of building the Relational Database for marine fisheries are
discussed further in section 5. The architecture and the contents of the spatial

marine fisheries database can be viewed in Figure 4.2.

Attributes
(fisheries) and
Temporal Data

Spatial Data
(maps)

Geographical Information Systems

(GIS)
Digitization
Spatial Marine Relational Database
. . Det inati
Fisheries GIS elermination

Figure 4.1 Construction process for building a spatial marine fisheries database

The overall expectation from building the database is to enable the GIS, when
linked with the attribute data, to produce the required outputs that show the
fisheries data displayed within the digitized coverage. The fisheries data should
include information about the location of caught fish (points and polygons), data
of catch, fishing duration, type of species caught, and amount of the catch from

each species.

Spatial Marine Fisheries Database system

Linked th h .
Geographical Information System St:: cteure dral:liry Relational Database system (RD)
(GIS) (Spatial data) (Attributes data)
Lzzg(gélgge - Traditional fisheries data
- Digitized coverages - Trawlers fisheries data

- Longlines fisheries data
(Arc/Info and ArcView)

(MS Access)

Figure 4.2 Overview of spatial marine fisheries database.
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3. Software Used

Before explanation of the construction of the database systems it is essential to

cite briefly the software used in this research. The following is a list of these

software, with a brief introduction to the purpose of each one:

1. For the spatial data:

a)

b)

ARC/INFO version 7.2.1 is the commercial geographical
information system, which originated about 1980 and was
developed by Environmental Systems Research Institute (ESRI) in
California (ESRI, 1990). The function of the Arc software
components is to manage the geographic data, whereas the Info
component holds the attributes data. Throughout this research
ARC/INFO has been used to store the main coverages and the
ARC sub-modules ARCEDIT and ARCTOOLS have been used for
the purposes of correcting digitized errors and joining the two
coverages (ARCEDIT is the graphical and database editor that
employs ‘edit environment’ and ‘feature-oriented editing’ whereas
ARCTOOLS is a menu-based interface to ARC/INFO functionality
that has been designed to get new users started quickly and to make

all users productive at performing common geo-processing tasks).

Arc Digitizing System (ADS) is and ARC command that has been
used to convert the original format map (the hard copy) into a
digital format. ADS is used to create a coverage by copying tics

from the original map coverage and adding arcs and label points.

ArcView GIS version 3.1 is the main GIS program used in this
research. ArcView is a desktop mapping system that provides
geographical information system functionality and supports the
analytical tools to create spatial data and define spatial
relationships among multiple sets of data (ESRI, 1990). It can be

use to organise, maintain, visualise, analyse, and disseminate maps

58



and spatial information. ArcView is fully integrated with the rest

of ESRI products such as ARC/INFO.

Arc View is used to produce the visual outputs for the tasks of
applying fisheries data to GIS. Although Arc View has query tools
built in to allow the spatial relationship to be investigated, the main
query building will be performed by Access software (the

relational database system).

2. For the attributes data:

a)

b)

Microsoft Excel 97 is the spreadsheet used for storage, analysis,
and charting of the data (Microsoft, 1992). Only those data for
commercial longline fisheries have been stored initially in Excel
worksheets for external operations before being imported to

Access.

Microsoft Access 97 is the database management tool used to
store, organize, analyse, and query the data (Microsoft, 1994). For
the work conducted in this research, Access has been used as a
relational database system which holds the attribute data and is
used to organize the relations between the files or tables and build

the required queries.

4. Map Digitization

The analogue (hardcopy) maps of Oman have been converted into digital form by

manual digitizing. The digitizing process has mainly focused on the area of

fishing activities (the coastline and the open sea).

The two maps of Oman at a scale of 1:750,000 that were discussed in Chapter 3

were digitized. The first map represents the northern part of the country’s

coastline and the second map represents the southern part with the grid squares of

10 square miles used as a reference for the demersal fishing areas.
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For both coverages (i.e. digitized maps) locational references for each tic were
marked on the original map and their latitude and longitude recorded. Before
proceeding, these real-world locations were converted from Degree, Minutes and
Seconds (DMS) into Decimal Degree (DD). The following equation is used to

compute the decimal degree:

Decimal Degree = Degree + Minutes/60 + Seconds/3600

4.1 Fishing Area ldentification

For the northern map the coastline and the sea area were digitized as area
coverages or polygons. Each land area has been given a unique label or identifier.
The longline fisheries data is directly applied to the sea area because the fishing
locations of this type of fishery have been data recorded in terms of DMS, which

can be converted into DD.

The southern map has been digitized the same way by using polygon features. In
addition, the small areas of 10 miles squares of the trawlers fisheries map have
each been digitised and given a unique identifier. Each square has been given the

same number as that originally found in the primary data.

The two maps have been joined using ARC/INFO and the landing ports for the
traditional fisheries have been spatially recorded using the locational data
collected by the Ministry of Defence. The general appearance of the output

coverage from the two digitized maps is shown in Figure 4.3.

The 20 nautical mile zone dedicated for the fishing activity of the traditional
fisheries and separating it from the commercial longline fisheries has been created
in Arc Info by generating a buffer zone along the coastline. In case of the islands

in general the 20 nautical miles are measured from the island shore.
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Figure 4.3 Digitized marine fisheries areas for the types of fisheries (Traditional
areas/ports occur as points at the landing ports, trawler squares occur
off'the southern coastline ofthe country, whereas longline areas are

distributed along the coastline.
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Before the detailed discussion on the construction of the database system and the
use of the ER method it is necessary first to explain the method used in order to

calculate the estimated amount of fish catch from the traditional fisheries.

5. Method of Catch Estimation for the Traditional
Fisheries

This section is designed to present the methods used in this research to calculate
the daily and monthly traditional fisheries catch at any sampled landing port. The
section will start by giving a general idea of how the landing of the catch is
estimated for any single landing site. A detailed example is then provided,

together with the appropriate formulas used to calculate the estimation.

For one selected landing port, data collected during a sampling day are used to
estimate the total landing of a particular species of fish by a boat. This estimate 1s
either a summation, or a weighted total. To calculate a monthly estimate of total
landings of the particular fish species by boat, the average catch per day based on
the days sampled during a month is multiplied by the number of days in that

month.

5.1 Example of daily and monthly catch estimation

Table 4.1 gives the necessary example to illustrate the method of estimation for
yellowfin tuna landed by fibreglass boats at a representative landing port during a
representative month. The three days selected for the random sampling are the
5" the 10™ and the 15", and the estimation is carried out in two stages: daily and
monthly. The total number of boats counted on the beach during the last annual
(1995) census was 140. The same method of calculation is used by the Ministry

of Agriculture and Fisheries.
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rFishing Sampled No. of No. of Census Sampled Estimated total | Estimated boats Participation
Days Boats (s) boats boats boats weight weight landed catching rate

catching landed (n) landed (sw) tw=sw*1/s yellowfin tuna p=Yb/n
yellowfin fish (1) Vb =1*yls
tuna (y)

5® 20 5 60 140 395 kg 1185 kg 15 0.107

1o 24 6 73 140 740 kg 2251 kg 18 0.129

15" 130 8 68 140 970 kg 2199 kg 18 0.129

Table 4.1 Method used to estimate the daily catch of yellowfin tuna by the

traditional boats

For a daily estimate of catch from the yellowfin tuna, taking day 5 as an example.

On the 5™, the total number of boats landing fish was 60 (1), whereas the total

number of sampled boats = 20 (s). Out of the sample boats, only 5 (y) boats

recorded the catch of yellowfin as follows: 35, 60, 80, 120 totalling 395 kg (sw).

Then, the estimated total catch of yellowfin (tw) landed by boats for the 5t day is:

395*60/20=1185kg

tw = sw*l/s

Where the catch is based on the sampled boats of 20 out of 60 boats landing.

Number of boats that are contributing to the catch out of 20 boats sampled, 5

recorded the catch yellowfin tuna. With the assumption that the same proportion

contributes to the total catch of yellowfin during the day among the sampled and

unsampled boats (60), the number of boats landing yellowfin is:
Y= 1*y/s
60*5/20=15

Thus the fishing effort for this day from this site in the traditional yellowfin tuna

fishery would be 15 boat per day. The Participation Rate then is equal to:

p=VYs/n
15/140 =0.107

Where 15 boats out of the 140 boats counted on the beach participated in catching

yellowfin.
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The method used to calculate the monthly catch from each is as follows, assuming
that catches in the sampled days were representative of all days in the month of

April at that landing port.

Catch based on the data of the total landing of the yellowfin tuna by fibreglass
boats on the three sample days as recorded above, the estimation for this month
would be:
me =2Xwy * 30/3
(1185 + 2251 +2291) *30/3 = 56345 kg
Where mc is the monthly catch and Zwy is the summation of the estimated total
weighted landed, 30 is the number days of the month of April, and 3 is the number

of sampling days.

Number of boats contributing to the catch: based on the three sample days of data
the estimated number of boats contributing to the catch would be:
te = ZYp*30/3

(15+18+18)*30/3 =510
Where tb is the total number of boats participated in catching yellowfin tuna, and
2V is the number of boats estimated to have catch yellowfin tuna at that month
of April. Thus, the monthly fishing effort generated by the vessels from this port
was 510 boats per day.

Monthly participation rate is calculated as follows:

(0.107 +0.129 + 0.129) / 3 = 0.1217

The same method of estimation is applied to the data collected at each selected

landing port in the region.

Table 4.2 gives the results of the sampled survey for yellowfin tuna in the

representative region during the representative month used in the example above.
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Landing Port Catch (kg) Number of Boats Number of boats ~ Participation Rate

per Day on Beach (estimate)
Landing port (a) 12350 190 32 0.198
Landing port (b) 56345 510 140 0.122
Landing port (c) 24300 365 43 0.283
Landing port (d) 11573 215 28 0.256
Landing port (¢) 348 78 18 0.144
Total 104916 1358 281

Table 4.2 Sample survey of yellowfin tuna in a representative region for a

representative month

The mean daily participation rate for the region for this month weighted by the

number of boats on the beach is calculated as:

(0.198*32 + 0.122 * 140 + 0/0.283 *43 + 0.256 *28 + 0.144 * 18) /281 = 0.1612

The mean participation rate allows the total indicative effort, 1,358 boats per day,
to be adjusted in order to take into account fishing by vessels believed to be

fishing in the region but not subject to the sampling program.

The following sections will explain the way traditional data has been structured

and organised using the RD method.

6. Database Management Systems for Marine Fisheries
Data

This section explores in detail the methods used to construct the database system
for the spatial marine fisheries. The discussion includes the method of building
the database for each of the three different types of fisheries data as well as
linking them to the spatial database within the GIS. The attributes and the spatial

data of this research were stored separately.
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When creating the spatial database system for natural resources data in general,
spatial data is usually held within the GIS and the attribute data are stored

externally using software such as Oracle or dBase (Meaden and Do Chi, 1996).

A database is a collection of related data or information about things and their
relationship to each other, and a Database Management System (DBMS) can be
defined as an operating system for integrating and sharing computer-based data
records (Laurini and Thompson, 1992). It can also be defined as a computer
programme for creating, manipulating and accessing digital databases
(Whittington, 1988; Elmasri and Navathe, 1994; Connolly et al. 1996). The use

of DBMS generally is to organise, properly order and structure the data.

6.1 The Relational Database Method

The Relational Database (RD) method is used to represent the database as a
collection of relations where each relation takes the form of a table in which each
row represents a collection of related data values (Elmasri and Navathe, 1994).

The use of a RD will be gradually highlighted throughout this chapter.

The advantages of using the relational data model/method in the design of any
information system in general and in marine fisheries in particular can be outlined
as follows:

1. a RD is currently the most common approach applied by GIS users and
researchers (Batty, 1992; Floen et al, 1993; Kemp and Lee, 1998)

2. a RD is the most appropriate data model for fisheries data. All fisheries
data employed in this research are logically well related (relationally) to
each other and all required operations of data organization and retrieval
can be easily performed using a RDMS.

3. a RD can be flexible method to be used in organizing the relational tables
as well as establishing and maintaining the database design (Meaden and
Do chi, 1996).

4. Using a RD has a significant benefit of storing all data in a single database
file. This provides an easy way of linking the data and minimises
overheads such as administration and management procedures (Batty,
1992).
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5. Almost all relationships can be worked out by use of Boolean operations.

6. With the RD method it is easy to add or subtract data at any time (Healey,
1991).

7. The Structured Query Language (SQL) has been developed as the standard
language to be used in RDMS and this can be easily imported and read
within ArcView GIS (SQL provides a quite natural way to access data and
to perform some operations upon them, including the definition and

manipulation of data.

When building a RD for marine fisheries, many concepts and constraints need to
be included and explained (e.g., the relation schema, characteristics of relations,
the primary keys, candidate key, and entity integrity constraints). Those concepts
and constraints of importance to the design of the RD will be discussed in the
following three sections which are divided according to the three types of fisheries

data.

Generally, the three relational database files of traditional, trawlers and longline
fisheries, are built and stored within one main database file called fisheries data.
Although, when designing the database the aim is to build a fully integrated RD
system in which data can be shared and merged together. However, each type of
data has its unique characteristics and so it is necessary to discuss each one
individually. It is also important to notice that when it is desirable to link these
attribute data to spatial data within the ArcView package, it is preferable to have
the three data types located within a single database file, they need to be spatially

integrated.

Representing the data as Entity-Relation (ER) diagrams can help in understanding
how these data are related to each other and thus supporting the way the RD is
constructed. The ER model is a popular high-level conceptual data model
(Elmasri and Navathe, 1994). The ER model describes data as entities,

relationships, and attributes.
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6.2 Data Modelling Using the Entity-Relationship Model

Each entity on ER model represents an object in the world such as person,
fishermen, and fish species. Each entity has particular properties, called
attributes, that describe it (Elmasri and Navathe, 1994; Connolly et al, 1996). For
example a fish entity might be described by the attributes: fish code, English
name, and Scientific name. A particular entity has a value for each of the
attributes. Figure 4.4 shows one fish entity and the values of the attributes. The
species yellowfin tuna has three attributes: Code, English Name, and Scientific
Name; their values are "TA", "Yellowfin tuna", "Thunnus albacares",

respectively.

Code =TA

Yellowfin Tuna English name = Yellowfin tuna

Scientific name = Thunnus albacares

Figure 4.4 Yellowfin tuna (Thunnus albacares) entity and its values

6.3 Entity-Relation Model for Traditional Fisheries

Figure 4.5 shows how the schema for the traditional application can be displayed

by means of graphical notation in an ER diagram. Referring to figure 4.5, this ER

diagram describes a boat making fishing trips and landing catch. Then, the steps

of database design can be described as follows:

1. The boat making fishing trips. Each boat has a license number, type
(mostly fiberglass), and location (Port).

2. A particular boat makes one or more fishing trips per day. Different data
associated with each fishing trip such as date of trip, number of crew on

the boat, types and number of fishing gear used to fish.
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@ Fishing_Trips @

Figure 4.5 ER diagram for the traditional fisheries

3. The boat landed the catch on the port. Each port has a unique Identifier,
name, and region where it located.
4. Each boat landing different types of species. The fish description of each

species is described in figure 4.4.

From these four points the ER diagram is being drawn in Figure 4.5. The next
step is to convert the ER model into a relational database. This is discussed in the

next sections.

The notation used in ER diagram is summarized in Figure 4.6.
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Symbol Meaning

Entity Type

Relationship Type

Attribute

Multivalued Attribute

Key Attribute

Composite Attribute

Cardinality Ratio 1:M for 2 entities

SRH00<

Figure 4.6 Summary of ER diagram notation (after Elmasri and Navathe, 1994)

Where multivalued attribute is the attribute that holds multiple values for a single entity and Composite

attribute is the attribute that is composed of a single component with an independent existence.

6.4 Fish Description Table

Although the three types of fisheries catch different types of fish species,
FISH_DESCRIPTION table has been integrated to hold all types of fish species
with attributes containing the following data:

- Species_Code (each fish species has been given a unique code)

- Species English_Name (the given English name of each fish species)

- Species Scientific_Name (the given Scientific name of each fish species)

The detailed information of the FISH _DESCRIPTION table is listed in
Appendix A. Traditional fisheries set to catch all different types of species, and
their catch record shows that they are indeed catching almost, the

FISH_DESCRIPTION table of the database was created using the Species_Code
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used in the traditional fisheries database. Thus, although the trawler fisheries
coded the yellowfin tuna as *C1’ in their original catch reports, this code as well as
the rest of the other species codes were integrated (changed for trawlers as well as
longlines data so that all integrated with the traditional). The yellowfin tuna, as an
example, is coded as TA’ in the integrated FISH_DESCRIPTION table of the

database.

6.5 The Relational Database System for Traditional Fisheries

As mentioned in the previous chapter, the traditional fisheries were based on the
catch of fish landing at ports by boats along the coastline of the country.
Reference to Figure 3.5 shows that the primary data for traditional fisheries
contains a large amount of information collected as samples from selected landing
ports. These data need to be structured and organized, with different calculations
applied to each in order to calculate the catch data (mean, average, total, etc.),
temporal data of daily, monthly and annually outputs as well as any other required

queries.

Since the collection of these data is, geographically based on the landing ports a
unique identifier (ID) has been assigned to each port. The port identities are
shown in Figure 3.1 of Chapter 3 and form the basis for linking the attribute data
to spatial data in the GIS.

6.5.1 Structure of Relations (Tables)

The ER model is transformed into a relational database structure. Five relational
database files (tables)l have been created to hold the traditional fisheries data.
The four relational tables contain data found from primary sources. The relational

database schema?® for traditional fisheries is shown in Figure 4.5.

The first relational table is labelled FISH_DESCRIPTION, concerns the

description of fish species and is discussed above.

' Relation and table are synonymous. In general, a relation is a table with columns and rows
* A database schema is the description of the database
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The second relational table, FISHING_BOATS, (corresponding to the Boat’
entity in Figure 4.5) lists the data concerns the information about the fishing boats.
This includes:

- License_NO (boat license number that are given by the MAF)

- Type of the boat (almost all are fiberglass boats)

- Port_ID (port identity where the boat is activating)

The third relational table, LANDING_PORT, (corresponding to the Landing’

entity in Figure 4.5) lists the data of the landing ports. The contents of this table:

- Port_ID (port identity: the unique identity of each landing port)

- Region in which each port is located (Oman is divided into seven main
regions, six of them are located along the coastline of the country, see
Table 3.1)

- Port_Name that lists the names of each port.

- Total_Boats (number of boats in census of five years (1991-1995)

The number of boats per landing port has been carried out every year by the MAF
since 1985. The number of boats is crucial to calculate the catch estimation as
well as measuring the efforts. Once the boat has been registered at a specific port,

the regulation allows that boat to land the catch only at that port.

The fourth relational table, CATCH_REPORT, (corresponding to the

Fish_Caught’ entity in Figure 4.5) gives details of the amount of fish caught by

the small boats landed in each port. This contains details of:

- License_NO (boat license number)

- Record_NO (sequence numbers for each fishing record)

- Date (date of catch in dd, mm, yy format)

- Species_Code (codes of caught species)

- Total_Number (number of fish from each type of species)

- Average_Weight/Sp (Average weight in kg of each species)

- Total_Weight (total landed catch in kilograms). Average weight is used
for large species whereas total weight is mainly used for small species like

shrimp and sardine.
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The column called the Record_NO is included in this table to give every fishing
record a unique record identity. The record number will form the primary key of

the relation, as this is essential for many other operations as well as for linking to

other relational files.

The fifth relational database file is TRIP_INFORMATION, (corresponding to the

Fishing_Trip’ entity in Figure 4.5) which has been designed to hold those data

that concern fishing trips made by traditional boats. This file includes the

following:

- License_NO

- Date (date of starting the fishing trip. This could be different from the
date of CATCH_REPORT table, since the boat may start the fishing trip
before midnight and return back next morning)

- Start_Time (time where fishing trip is started)

- End_Time (time where fishing trip is ended)

- Crew_Vessl (number of crew per vessel/boat)

- Gear_Type (Type of fishing gear)

- Total_Gear (Number of used gears)

Since the temporal data employed in this research are for a 5 years period (1991-
1995), five relational database files have been created. These are:

- TRADITIONAL_DATAO1,

- TRADITIONAL_DATA92,

- TRADITIONAL_DATA93,

- TRADITIONAL_DATA94, and

- TRADITIONAL_DATAO95

Although the FISH_DESCRIPTION table is the same for each of the five years

period, the number of boats is changing throughout the years and thus fishing

effort and amount of catch are always different from year to year.

73



Relation Name: FISH_DESCRIPTIONY1

Species Code | English_Name | Scientific_Name

Relation Name:F. G_BOATS91

License NO Type Port_ID

Relation Name: LANDING_PORTS91

Port ID Port_Name | Region Total_Boats

Relation Name:CATCH_REPORT91

License_NO| Record NQ| Date | Species_Code |Total_Number | Average_Weigh/Sp| Total_Weight|

Relation Name:TRIP_INFORMATIONY1

License NO| Date Start Time | End_Time| Crew_Vessel| Gear_Type | Total_Gear

Figure 4.7 Schema diagram for the traditional fisheries database of 1991

6.5.2 Primary keys

A relational database usually contains many relations, with columns linked in
various ways. A relation or a table is defined as a set of columns. By definition,
all elements of a set are distinct; hence, all columns in a relation must also be
distinct. This means that every relation has at least one primary key. A primary
key is the candidate key that is selected to identify columns uniquely within the
relation (Connolly et al. 1996). Assigning primary keys for the relations is
essential because of the constraints for all relational databases that are called "key

constraints”.

In the Figure 4.7, the primary key is underlined. The primary key in the first
relation file (FISH_DESCRIPTION) is Species_Code. Each type of fish species
has a unique code. In the second relation file, FISHING_BOATS, each boat has

a unique license number that is issued by the MAF. In the relation
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LANDING_PORTS, each landing port has been given a unique identity number
called Port_ID, which is the primary key of the relation. Record_NO and landing
Date have been designated as the primary key for the fourth relation file
CATCH_REPORT, as every record (row) within the relation has a unique record
number. Both the boat License_NO and the fishing Start_Time forms the primary
key for the fifth relation of TRIP_INFORMATION. Each boat in the relation can
make more than one fishing trip, however, the starting time for each trip is always
different. By comparison, one boat or more can start their fishing trips at the same

time but each boat has a different license number.

6.5.3 Relational Integrity

When designing RD there are two important integrity rules, which are defined as
the constraints or restrictions that apply to all instances of the database. The two
principal rules for the relational model are known as the "entity integrity

constraint” and the "referential integrity constraint".

6.5.3.1 Entity integrity constraint

Entity integrity means that in a base relation no attribute of a primary key can be
null. In reference to the above relational, there is no primary key with a null
value. This is because the primary key value is used to identify the individual
column in a relation and null values for the primary key imply that some of values
cannot be identified. This problem has been avoided by giving each relation a key

that cannot contain a null value (Elmasri and Navathe, 1994).

6.5.3.2 Referential integrity constraint

In a RD, the referential integrity constraint states that a column of one relation that
refers to another relation must refer to an existing column in that relation (Elmasri
and Navathe, 1994). For this reason, many foreign keys have been designated to
form the relationships among the entities represented by the relational schemas.
The foreign key (between two relations) is a set of attribute values in the first
relation that have the same domain as the primary key attribute values of the
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second relation (Connolly et al, 1994). For example, in the LANDING_PORTS
relation the primary key is the Port_ID, which is also the foreign key in the
FISHING_BOATS relation. These two columns of the two relations must match
the values of each other so that the column Port_ID in one relation is a reference

or refers to the similar column in the other relation.

The referential integrity constraint is diagrammatically displayed in Figure 4.7,
the directed arc being drawn from each foreign key to the relation it references.

The arrowhead points to the primary key of the referenced relation.

6.6 Data Problems

The same problems occurred when building the RD for the traditional fisheries.

Generally, the main cause of these problems was the nature of the primary data.

One problem relates to the diversity in the number of the landing ports during the
five year period. Some of these ports have very small catches reported only once
or twice during the five years. To solve that problem, the amount of fish landed

on these ports have been added to the nearest major port.

When designing the RD the problem was to convert the 4-dimensional primary
data into a suitable 2-dimentional relational database system that can hold all
required data. The way the database has been organised and the use of the
SELECT operation (the basic SQL statement that is used to select the required
columns from single or multiple relations) within Access has resolved this

difficulty.

6.7 Entity-Relation Model for Trawler Fisheries

Figure 4.8 shows the ER schema diagram for the trawlers fishery. Referring to
Figure 3.7, the design of the ER model for trawlers can be summarized as follows:
1. The trawler vessel makes fishing trips. Each vessel has a specific name and

belongs to a specific fish company. Each vessel records the number of trips it

makes during the year.
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2. A particular vessel makes trips to a specified area. The specified area is

recognized by the area 