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ABSTHACT 

The relevance of Fisheries Thematic Mapping in the general fisheries context is discussed and the current 
importance of resource mapping, particularly in the new Exclusived Economie Zones of developing countries, is indic- 
ated. 

An historical perspective on development of fisheries science in long established fishing areas supports recognition 
of resource mapping as an important preliminary stage to fish stock assessment, particularly for coastat resources. 
Some methods of assessment that stem directly from such mapping exercises are referred to, as are the dangers of 
uncritical use of population models which assume that “dynamic pool” assumptions apply do geographicallg dispersed 
and contagious populations. A review of spatial considerations that affect various types of fisheries analysis is given. 

Some criteria, and a rougir classification of various types of applications of mapping in ftsheries are proposed, 
which include their use in fisheries prospection, in support of research vesse1 surveys, statistical and information 
gathering systems; the preparation of fisheries resource management plans and the leasing of marine culture 
purposes; coastal planning and environmental impact studies; and in support of negotiations on maritime 
boundaries and fisheries access agreements. 

The lime scales for updating fisheries maps vary between different applications. In some cases thc~ main consider- 
ation should be ease of updating rather than great accuracy - which is constrained by the limited posilion - finding 
capabilities of small fishing vessels. The need for promoting routine application of neu technology such as micro- 
computers and remote sensing in mapping, as well as suitable software for rapid compilation and updating of various 
thematic maps, is stressed. 
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LA CARTOGRAPHIE THÉMATIQUE L)ES RESSOURCES : 
UN PRhLABLE À L'AMhNAGEMENT ET AU DÉVELOPPEMENT DES PÊCHES 

Le document discute la pertinence de la cartographie thématique dans le contexte général de l’halieutique et indique 
l’importance de la cartographie des ressources, en particulier dans les ZEE des pays en développement. 

La perspective historique du développement de la science halieutique dans les zones de pêches traditionnelles 
confirme que la cartographie des ressources est une première et importante étape de l’évaluation des stocks, particuliè- 
rement dans la zone côtière. Certaines mèthodes d’évaluation découlant directement de cette cartographie sont men- 
tionnées, ainsi que les dangers d’une utilisation abusive de modèles supposant que les hypothèses d’homogénéife 
s’appliquent à des populations géographiquement grégaires et sous-dispersées. Le document passe en revue les diverses 
considérations spatiales qui affectent les divers types d’analyses effectuées sur les pdcheries. 

(1) Paper presented fo ihe Colloquium on Marine Resources Atlases, London, 3-4 Ocfober 1985. 
(2) Fisheries deparimenf, FAO, Via delle Terme dî Caracalla, 00100, Rome. 
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On y propose quelques critères et une classification grossière des divers types d’application de la cartographie 
aux pêches, y compris leur utilisation pour la pêche exploratoire, les prospections des navires de recherche, les systèmes 
de collecte des statistiques, la préparation des plans d’aménagement, l’allocation de l’espace maritime pour l’aqua- 
culture, l’aménagement du littoral et les études d’impact, les négociations concernant les frontières maritimes et les 
accords de pêche. 

La périodicité de la mise à jour des cartes varie selon les applications. Dans certains cas, le principal souci doit 
être la facilité de mise à jour plutôt qu’une grande précision dont la nécessité est souvent limitée par les capacités de 
positionnement des petits bateaux de pêche. Le document insiste, enfin, sur la nécessité de promouvoir l’application 
en routine de technologies telles que les microordinateurs et la télédétection, ainsi que l’élaboration de logiciels pour 
l’établissement et la mise à jour rapide des cartes thématiques. 

MOTS-CLÉS : Cartographie - Evaluation des stocks - - Aménagement - Développement - Peuplements. 

1. INTRODUCTION 

An appreciation of the spatial interrelationships 
between the renewable resources and the llshery 
(including coastal communities, harvesting units! 
shore plant and transhipment routes to market) 
is constrained by a knowledge of the local 
geographical configuration, an understanding of 
which is a necessary prerequisite to proper analysis 
of part or a11 of the fisheries system. This necessary 
precondition to detailed analysis of subcomponents 
of the system has rarely been explicitly recognized 
in most fisheries analyses however, and the prelimin- 
ary stage of mapping key elements of knowledge 
already formally or informally available, which 
should ideally prccede the design of information 
gathering and analysis systems, is often not recogniz- 
ed as such. In fact, few fisheries models in current 
use employ the sorts of spatial information that cari 
‘be among the earliest types of data available on the 
exploited resource. 

lt is an essential requirement for scientiflc manage- 
ment of fisheries, as well as for their orderly develop- 
ment, that a11 the existing relevant information is 
made available and displayed in an accurate, concise 
and up-to-djte -form which is easy to read and to 
interpret by a11 concerned. Mapping the flshery and 
the resource should be among the priority tasks when 
planning for fisheries management and should not 
be postponed until “complete” information is avail- 
able, since re,dundencies or blanks in the information 
base $11 more readily appear in the process of elabor- 
ation. The question of accuracy of spatial represent- 
ation is probably less important, except for purposes 
-of navigation, than of ease of update: a requirement 
that poses serious demands on new technology for 
entry and display of information in a cost-effective 
fashion. The existence of readily assimilated and 
regularly updated information, displayed in the form 
of a chart or map, is essential in the early stages of 
setting up new information gathering and analysing 
systems. This possibility is now being given priority 
by many developing countries, and FAO now gives 
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particular emphasis to informat,ion gathering and 
display for a variety of purposes in the flsheries 
sector. Some perspectives on a number of current 
applications are given in this paper. 

2. MAPPING, MONITORING AND MODELLING 

This often-expressed idealization of the course of 
events in ecosystem investigation also applies to 
fisheries research, and represents in a very real way 
the sequence of operations that has taken place in 
the course of development of the renewable marine 
resources of the world’s oceans. Starting with an 
overall description or ‘mapping” of the coastline, its 
bathymetry, currents and tidal configurations, the 
traditional navigation chart is soon extended by 
the flshermen themselves into a flshing chart which 
serves as a mnemonic in recording their persona1 
experience with the distribution of the main com- 
mercial resources. Early in the history of a resource 
investigation, this information may then be inte- 
grated, following its collection in a properly planned 
flshermen survey, and cari lead to a broad overview 
or “thematic flsheries map” of immediate use for 
flshery planning and development. Such a mnp cari 
also display information obtained from biological 
investigations, including location of spawning and 
nursery areas, migration routes, flshing grounds and 
points of landing and of processing and tranship- 
ment of fish. Fisheries charts having the more 
practical purpose of aiding fishermen in locating 
resources in the absence of modern navigational aids, 
were prepared in the early part of the 20th Century 
for a number of areas in the Northern Hemisphere, 
and updat.es for a variety of purposes have been 
prepared more recently (e.g. HARE, 1977; SCARRATT, 
1982; CHARBONNIER and GARCIA, 1985) and are now 
being prepared in a number of developing countries 
(e.g. GARCIA, 1982, Fig. 1). Alternatively, or in 
addition, as noted by Butler et al. (in preparation) and 
by MCGUIRE (1979), a thematic map cari be used to 
highlight the importance of certain parts of a marine 
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FIG. 1. - Distribution, migration and spawning of Sardinellu madererîsis ilcftj and Becnplrrus r*honchus in Norlh \V~S( Africa. 
(Compiled by GARCIA, 1982, from various sources, includin, 9 CFIAM~~A~;NAT and Do~i\t~, 1978, and BOIXLY and IJ~kox, 1979j 

Distribution, migration ef ponte de Swdinella maderensis (gauche) et LIccaptorus rhonchus (droite) en Afrique du Nord-Ouest. 
Compikpar GARCIA (1982) d’après dioerses sources, g compris ÇIIAMPAONAT ef L~MAIU (1978) rt Borrr.~ ef FRLOX (1979) ‘ 
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area for other human activities such as dumping of 
industrial waste, recreation, coastal development 
and navigation; a11 of which impinge on the fisheries 
sector and a11 of which cari be expressed on a thematic 
map which is of direct relevance to a11 users of the 
marine environment. 

For the North Atlantic and in other areas where 
industrial fishing developed early on, it was, t.o a 
significant extent. the accumulation of fishery- 
related information in a spatial context by early 
exploratory fishing, that accelerated the develop- 
ment of fisheries science. There, a long tradition of 
descriptive work has preceded attempts to manage 
individual stocks: this latter activity only got fully 
underway well after the Second World War. The 
large body of inforrnation accumulated previously on 
North Atlantic ecosystems and t.heir seasonal and 
areal distributions was no doubt essential to the 
feasibility of applying fishery management measures 
that controlled the level and the nature of removals. 
Thus, for the Northwest Atlantic Fishery Commission 
the boundaries of the unit areas subsequently used 
for fishery management were suggested by earlier 
work on the distribution and migrations of (especially) 
cod stocks on the different offshore banks, and led to a 
fisheries map of the area (Fig. 2); whose divisions 
reflect to the extent possible in a mixed fishery, 
meaningful stock units of relevance to management. 
Regional geographic boundaries of this kind develo- 
ped by fisheries commissions and FAO, are now inte- 
grated into the global system of fisheries data 
collection which issues annually the FAO Year Bool~ 
of Fisheries Statistics. 

TO a large extent, the preparation of a fisheries map 
occ.urs in two stages: mapping of the primary data 
(e.g. Fig. 3 top), which with supplementary inform- 
ation leads to a hypothesis on stock structure, 
movements etc. which as a second stage, may result 
in an interpretation of the primary data: (e.g. Fig. 3 
bottom). There is a danger of course that such 
preliminary mapping of hypotheses cari crystallize 
future perceptions of the resource, and this empha- 
sises the importance of having the digitised data 
base readily available for later revisions. 

There is reason to believe that the considerations 
described above for the North Atlantic apply also 
in other areas of the world’s oceans (see FAO, 1985), 
although the important early descriptive work on 
the resources and their environment has not yet 
been carried out in many regions. FAO has been 
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focusing necessary effort first on the description and 
inventory of species available in each area through 
the publication of Species Identification Sheets, now 
developed for most of the world’s major fishing areas. 
These include for each species a small scale distri- 
bution map, but a comprehensive knowledge of the 
biology, distribution and migration of mari?? key 
species and their interractions is not yet avallable, 
although they may already support major fisheries. 
Thus, the important industrial fisheries that sprang 
into existence, in several cases as late as the 197O’s, 
came as a result of technological transfer and through 
the operation of long-range fleets by industrialised 

FIG. 3. - Top.: Apparent movements of skipjacks tagged in the tenter of the Gulf of Guinea. Botlom: Interprclation, from 
BARD (1984) (courtesy of o La Pêche Maritime 1)) 

Haut : Mouvements apparents des lisiaos marqués dans le centre du Golfe de Guinée. Bas : Interpreiation selon BARD (1984) (avec 
l’aimable auiorisafion de « La Pêche Maritime w) 
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nations. Usually the coastal states lacked a proper 
basis of information for their control and manage- 
ment, in the form of knowledge of stock distributions 
and their migrations, and estimate of the abundance 
and the distribution of key resources: key inform- 
ation sources that cari best be developed in the form 
of a readily updatable fisheries chart. 

3. MARINE RESOURCE MAPPING IN THE 
POST-EEZ ERR 

As we have noted, despite the difficulties of adapt- 
ing conventional models to a spatial context, many 
problems met in fisheries have a spatial dimension. 
For instance, the most heavily exploited resources 
tend to be those closest to the port, unless they are 
flshed out, and the exploitation rate for resources 
having a similar unit value tends to decrease with 
distance from the port especially in artisanal fisheries 
Conflicts between competing sectors of the fishing 
industry often involve use of a common location as 
a fishing ground, and may require further develop- 
ment of flshing “boxes”, or “Windows”, to constrain 
the use of a given area by, for example, certain types 
of set or fixed gear, or in areas and seasons of high 
vulnerability due to spawning. In certain areas of 
potential gear conflict, fixed gear may be required 
to be set in strings on a given compass heading to 
minimize conflicts with towed gear. Other spatial 
interactions cari occur, such as in sequential (gaunt- 
let) fisheries, where a series of flsheries occur at 
various points on the migration route of a species 
(Fig. 4), and elucidation of the possible migration 
routes for highly migratory species usually requires 
a mapping of the location (and the timing) of oper- 
ation of exploiting fleets in order to reveal it clearly: 
(e.g. HUNTE and MAHON, 1985). Noting that fishing 
locations recorded by flshermen in log books are 
often given in t.erms of the electronic navigational 
system they used in locating the flshing ground, a 
system of direct transposition of coordinates to 
latitude and longitude is necessary for mapping 
catch and effort data, and such systems have been 
developed for same areas. It is also necessary in this 
connection to choose appropriate algorithms for 
drawing contour lines through the raw data, and 
some experience in this area has been recorded, but 
needs to be formalized in readily available micro- 
computer software. Where a common electronic 
navigation system is in place, there may be some- 
thing t.o be said for deflning coordinates of closed 
areas in this fashion to avoid flshermens’ misunder- 
standing 

Excessive fishing effort exerted on demersal 
resources in most. tropical areas leads to progressive 
accumulation of ilshing intensity closer and closer 
inshore (GARCIA, 1986) and to progressive encroach- 
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ment, on the coastal zone usually reserved de facto 
or by legislation for artisanal flshermen. Other 
problems are even more directly the consequence of 
competition for the use of space; as in the case of 
conflicts between small-scale flshermen and mari- 
culture, or between the extraction of building 
material and reef flsheries, or between coastal trawl- 
ing and the installation of artiflcial reefs. As a matter 
of fact, in traditional flshery management, prior to 
the application of quotas and limited licensing 
mechanisms, allocation of space often served as a 
substitute for allocation of resources, and still plays 
an effective role in this regard, especially in tradition- 
a1 flsheries (see e.g. CHRISTY, 1982; SMITH and 
PANAYOTOU, 1984). 

Spatial characteristics of flsheries have always 
heen important for local coastal flsheries but these 
fisheries have been given very little attention until 
recently. In this connection, the United” Nations 
Convention for the Law of the Sea and the concept 
of the 200 miles Exclusive Economie Zones have 
abruptly brought back into centre stage the spatial 
dimension of formerly international flsheries, as a 
result of the need to resolve maritime boundaries and 
overlapping claims in the light, of stock distributions 
and migratory resources. It is significant here that 
the flrst FAO Atlas of the living resources of the sea 
had been issued in 1971, just prior to the flrst session 
of the Third United Nations Conference on the Law 
of the Sea, as part of the FAO’s technical contri- 
bution to the preparatory work of the conference. 
Following this milestone event, many developing 
and developed nations have taken the opportunity to 
greatly increase the benefits they receive from their 
resources by taking the first steps towards proper 
management and adequate development of resources 
within their Extended Economie Zones (EEZ’s). 
This has inevitably increased the need for inform- 
ation on the distribution and movements both of 
resources and of foreign and domestic fleets within 
the 200 miles zone, on a priority basis. 

The resolution of problems of access between 
domestic and foreign fleets continues to be a source of 
concern, and, perhaps less easily resolved: that 
between local artisanal and industrial fleets also 
needs to be solved on a national basis: and often 
geographic allocations of one kind or another are the 
answers arrived at. These kinds of decisions with 
their direct political implications on access to 
coastal waters always existed, but have corne more 
directly within the area of responsibility of govern- 
ments since declaration of EEZ’s. Such conflicts for 
use of the available space not only include those 
between sectors of the fishery (small-Scale and coastal 
trawl fisheries), but also between capture fisheries and 
aquaculture (in lagoons, estuaries or in the open sea). 
The traditional local rights to a part of the fishing 
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FIG. 4. - Illustration of a simple gaunlet model, in which a species spawned in Zone C, first reaches fishablo sizr in Zone A, before 
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Illustration d’une p&cberie sequentielle simple, dans laquelle une espèce est pondue en Zone C, affeinf une faille exploitable en Zone A 
aoanf de passer à des failles de plus en plus grandes à travers des pècheries successives, accumulant le risque d’êfre caplurée en iraversant 
les Zones B et C vers la fin de son cycle uiial. (IA, 1~ et IC sont les failles moyennes de première capture, 1~ est la faille moyenne de 

mafurafion). Les pré-recrues en Zone C sont trop petites pour èfre exploifées. (D’aprtts CAnnY, 1982) 

ground were to some extent ignored in the wave of 
industrialisation that took place in the 1960’s and 
197O’s, and the Territorial User Rights of Fishermen 
- TURF’s - (CHRISTY, 1982, and SMITH and 
PANAYOTOU, 1984), are beginning to be reasserted in 
a number of areas. This emphasises the importance 
of coastal planning, and the requirement for dis- 
playing precise geographical information; partic.ular- 
ly in countries where interacting mariculture and 
fisheries industries are highly structured and diver- 
sifîed. Examples of the extent to which coast,al 
waters may need to be zoned between competing 

users, is provided by Japan (KUDI)LE, in press), but 
is likely to be shortly approached in other countries 
in S.E. hsia where acute problems are arising. Rapid 
display and more irnportantly, t,he capability for 
c.onstant updating of geographical information is now 
at the cutting edge of fisheries science, and cari be 
realised at reiatively little cost given recent. deve- 
lopments in rnicrocomputing and graphie display, 
once the necessary software is widely available. 
This is an essential development for any national or 
regional system dealing with integrated management 
and development of coast,aI areas. For artisanal 
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llsheries, it Will be very important to map as accurat- 
ely as possible the various flshing grounds of the 
different villages, which often describe some sort of 
de facto traditional allocation of space. Once the 
range of action of the fishing crafts is known, it may 
also be possible to use this information displayed on 
a chart to identify overlaps in fîshing areas, and 
hence potential areas of conflict, as well as regions 
for further fisheries development. Seasonal migrat- 
ions of fishermen should also be described where 
these occur. It is obvious that these types of maps 
existed long ago for many countries, but their use 
seems to have been overlooked in the present era of 
numerical analysis and modelling. 

In varying the scope of flsheries management from 
international high seas fisheries (a few of which still 
exist!), to fisheries in EEZ’s, and then via coastal 
fisheries to integrated management of coastal 
lagoons, estuaries and littoral areas, we span most of 
the scales of the maps needed as an aid to fisheries 
analysis management and development. 

4. SPATIAL CONSIDERATIONS IN FISHERIES 

4.1. Spatial Components in Fisheries Models: the 
Dynamic Pool Approach and its Limitations 

The main objective of flsheries management is 
usually considered to be that of maintaining the 
stock and insuring optimal return from a fisheries 
resource by the control of overfishing. In order to 
provide a theoretical basis for tackling these problems 
mathematical models were established (BEVERTON 
and HOLT, 1956; SCHAEFER, 1954; RICKER, 1958) 
which have since structured most of fisheries research 
in support of management, from the collection of 
data, its analysis and interpretation, to the elaborat- 
ion of management measures. 

Fundamental to nearly a11 of these approaches is 
the concept of the “dynamic pool” which is a basic 
axiom of most current fisheries models, implying 
that a11 components within the model, whether 
predator and prey or flsh stocks (and their human 
predatory equivalent, the fishing fleet) are perfectly 
intermixed, SO that any unit interraction occurs 
between them with consequences determined by 
the mean abundance of stock, and the mean intensity 
of harvesting pressure that were in effect over that 
interval of time: i.e. spatial components such as 
diffusion, relocation, migration, etc. are removed 
from consideration. Although these latter complicat- 
ions were treated in a theoretical way in the seminal 
work of BEVERTON and HOLT (1956), there have 
been few subsequent applications, probably because 
of the massive data storage and manipulation pro- 
cedures that would be involved for mobile resources 
and fleets. The dynamic pool convention is not 
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entirely unreasonable if we are dealing with mobile 
species of a single unit stock over the whole area of 
the population, and are considering the species at 
time intervals of one year. For a mobile fishing fleet 
equipped with modern fish-finding aids such as 
sonar, spotter planes or satellites for locating suitable 
fishing areas, this is equivalent to in effect, “exterior- 
izing” spatial relationships from consideration in the 
mode1 and implicitly assuming them as constant. 
This is less than satisfactory also if the energetics of 
predators is the abject of study (large pelagic pre- 
dators use a major part of their energy budget in 
swimming and migration), if the economics of flshing 
are being studied, where fuel consumption is a 
distance-related function, in studies of fish marketing 
and trade, and in any case when the spatial dis- 
tribution of fish and flshing are likely to be affected 
by the amount of flshing. In a11 these cases, the 
implicit assumptions of the dynamic pool assumpt- 
ions are not met, requiring a more explicit mapping 
of spatial factors. 

4.2. Introducing Spatial Considerations into F’isheries 
Models 

TO some extent, it is the question of spatial scale 
for display of relevant phenomena which determines 
t,he appropriate mode1 to use (see SHARP and 
CSIRKE, 1983): thus on a very large scale (e.g. the 
whole North Atlantic), it may be reasonable to 
consider even stocks of mobile species, such as cod, 
as stationary (e.g. CLAYDEN, 1972). It is less than 
seaeonable, however, to apply the dynamic pool 
axiom to widely dispersed sedentary species such as 
molluscan shellflsh, and models of such populations 
have been based on describing mortality and growth 
processes for small unit areas, and subsequently 
integrating outputs for the whole area of the stock 
(e.g. CADDY, 1975). At least in theory, these types of 
models cari be applied to routine management tasks, 
such as in developing the optimal rotational har- 
vesting regime for shellfish populations over an area 
of fishing grounds (GALES and CADDY, 1975). Similar 
models that introduce a spatial component into 
coastal fisheries development are undergoing develop- 
ment at this time in FAO, and Will attempt to allow 
for migratory and diffusional components. Such 
models should have a generalised format that cari be 
adapted in a flexible fashion to a given configuration 
of resources, fishing ports, fishing grounds and 
coastline, in order to explore different options for 
fisheries development at a local or regional level. 

The first step in introducing spatial components 
into the mode1 may be to identify key loti whose 
relative geographic position and the distance from 
port to fishing ground as utell as the relative costs of 
moving between the grounds (each considered as a 
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dynamic pool stock), are left indeterrninate (see e.g. 
KOLBERG et al., 1981). This approach was adopted 
for example by CLAYDEN (1972) in modelling the 
North Atlantic cod fishery. A similar approach which 
treats the question of spatial co-occurrence, but 
avoids specific definition of geographic location. is 
by the use of Venn diagrams (Fig. 5), which in the 
topological sense of the Word, “map” the distribution 
of predators onto the distribution of prey. 

SPRING 

SUMMER 

AUTUMN 

WINTER 

FIG. 5. - Degree of spatial coincidence between a prcy 
species (A) and its rcsident (B) and migratory (C) predators, 
expressed as 4 seasonal Venn diagrams, in which the area and 
relative location of each circle represent geographica1 exknt. 
and the degrec of spatial co-occurrence. ?‘he shaded segmrnts 
of the predator circles represcnl lhe oh slomach contents 

(diet) consisting of the prey 

Degré de coincidence saisonnière entre la disfribufion spaiiale 
et une proie (A) ef de ses prédaleurs résidenfs (B) ef migra- 
teurs (C) exprimé par 4 diagrammes de Venn, dans lesquels la 
surface et la posifion relaiive de chaque cercle représsnfenf 
l’exfension géographique et le degré de co-occurrence dans une 
zone donnée. Les pariies hachurées des cercles correspondant 
aux prédateurs représentent l’importance (en Oh) de la proie 

dans le contenu stomacal 

The next step upwards in detail may then be to 
introduce an explicit spatial component in the form 
of a system of unit areas (e.g. on the basis of latitude 
and longitude), within each of which perfec,t mixing 

may be assumed. The appropriate size of such units 
in relation to the mean dimension of patches of 
organisms should ideally be considered, and some of 
the consequences of the generally contagious types 
of distributions characteristic. of marine organisms 
are treated for example in PIELO~I (1969). Thls type 
of non-random distribution needs to be considered 
particularly when planning fishery surveys, which is 
one of the main occasions where spatial consider- 
ations are taken explicitly into account (see e.g. 
DO~J~LHDAY and RTVARD, 1981). 

Using unit areas of latitude and longitude for 
mapping commercial fisheries data is a cornmon 
practise, particularly when logbooks on commercial 
vessels or port interview data are used to reconstruct 
distribution patterns of vessels or species (catches), 
and to estimate the index of spatial conc,ent.ration of 
fleet onto resource (ROTHSCHILD and RORSON, 1972). 

Wth current improvements in the state of the 
art in marine navigation, the problem of locating 
fishing st,ations with an accuracy of less than 0.5 
nautical mile is solved, but for many developing 
countries the absence of electronic navigation aids 
on many vessels is a hinderance to the development 
of sophisticat,ed schemes for spatial allocation of 
fishing rights as well as for too detailed zonaCon of 
coastal areas. At the moment the availability of 
c,heap tec,hnological aides still places a limit on the 
effective precision of fisheries mapping. On the other 
hand, the cost of accurate position-ftnding equipment 
tied into satellite navigation networks continues to 
decline, and is likely to soon corne into the acceptable 
price range for small-scale fishermen, as is already 
the case for simple and cheap depth sounders. 

4.3. The Importance of Mapping Resources for 
Making Regional Estimates of Potential Yields 

As noted earlier, in “developed” fisheries, such as 
those in t,he Korth Atlantic, resources may be 
assessed by analysis of rernovals as a function of 
fishing, assuming dynarnic pool assurnptions apply 
for a given Ymit stock”. This may be done either by 
deriving an empiric,al relalionship between removals 
and total fishing effort (the so-called production 
mode1 estirnates) or by analysis of t,he age composition 
of t,he catch, and hence population mortality rates, 
for different levels of removals (p.g. by cohort ana- 
lysis or by fisheries surveys: see later). In both cases, 
independent biomass estimates from surveys may 
be used to check t,he results of these calculat,ions. 
Two approaches are gaining accept,ance in areas 
where the necessary research input for t.he above 
approach is not available, as is the case in most 
developing countries. 

The first approach combines mapping of resources 
andior fishing areas, with makinp production estim- 
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TABLE 1 

Estimated maximum sustainable yield of tropical demersal marine fisheries (from MARTEN and POLOVINA, 1982) 
(The estimation method and the bibliographie source are given in the original) 

Estimations de prise maximale équilibrée dans les pêcheries marines démersales tropicales (d’après MARTEN ef POLOVINA, 1982) 
[Les méthodes d’esfimaiion ef les sources bibliographiques sont données dans le document original) 

Location 
MSY Depth 

(t/km2/ur) (ml 

Primary 
Area productivity 

(km2) (gC/m2/yr)’ 

North Coast Gulf of Mexico 6.7 O-110 111,210 135 
US. Atlantic Coaat (N. Carolina-Florida) 5.5 O-110 125,000 135 
Gulf of Thailand 3.9 O-50 179,000 365 
Philippines 2.8 O-200 152,700 135 
North Coast of Java 2.6 O-50 26,160 180 
Sunda Shelf-South 2.3 O-50 267,900 75 
South China Sea 2.0 O-200 500,000 45 
West Coast of Florida 1.8 o-110 179,280 135 
Sunda Shelf-NW Borneo 1.7 O-50 62,900 75 
South Coast of Kalimantan (Borneo) 1.5 O-50 113,590 135 
Sunda Shelf-NW Borneo 1.1 50-200 69,700 75 
Gulf of Thailand 1.1 50.200 !26,700 365 
Sunda Shelf 0.5 50-200 398,600 135 
US. Atlantic Coaat (N. Carolina-Flotida) 0.5 110.548 20,480 45 
North Gulf of Meiico 0.6 110-548 44,070 45 
West Ca& of Florida 0.4 110-648 72,120 45 

%im axy pmductlvity esttknated from ~worldmr.~ In FAO (1972). 

ates of fleet size for each individual fishing area. Both 
of these operations may be carried out cost effective- 
ly by remote sensing: estimates of the extent of 
fishing areas cari be built up on a chart from fisher- 
men’s interviews combined with exploratory fishing, 
and expressed on either a nautical chart or an 
expansion of a remote sensing image (which cari give 
significant water penetration in clear water tropical 
areas: (e.g. LYZERGA, 1978; CADDY and PIAGGESI, 

1983). The catches determined by statist,ical survey 
at the points of landing cari then be expressed 
in terms of production by unit area (see Table 1). 
Fishing intensity cari also be estimated remotely, 
e.g. .by aerial survey of landing points for fleet size 
or number of boats fîshing (BAZIGOS, 1979), or by 
counting stationary fishing gear during overflights 
(e.g. PRINGLE and DUGGAN, 1983; CONAN et al., 1985), 
or more commonly, by acoustic methods from 
surface craft (see JOHANNESSON and MITSON, 1983). 

Recognizing that production per unit area in 
various areas of similar biological productivity is a 
function of fishingintensity, it is necessary to allow for 
the possibility of combining in a “Composite Model” 
individual estimates of production for each unit 
area/year in order to determine the optimal fishing 
intensity (MUNRO, 1977; CADDY and GARCIA, 1983). 
This has developed as an outgrowth of the production 
mode1 approach (Fig. 6), which is useful when data 
serîes are too short, and changes of fishing intensity 
between biologically comparable locations in the 
same time period, show more contrast than between 
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PIC. 6. - Relationship between mean annual catch/lrmzjport 
and the number of boats per unit fishing area 

Relation entre la capture moyenne annuelle/lcm5/port et le 
nombre de bafeaux par unité de surface des fonds de pttche 

years on the same fishing ground. When dealing with 
specific regional problems of shared stocks manage- 
ment in areas with more highly dynamic stock 
distributions, detailed information on fish stock 
movements is essential, and a particular effort in 
compilation and experimentation is necessary, which 
may for example include tagging studies (e.g. JONES, 
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1976), which Will help to elucidate overall stock 
migrations and boundaries (as in Fig. 3 top). 

The second approach is derived from pioneering 
work by BARANOV (1918), namely combining mapp- 
ing of resource areas with area swept estimates by 
towed gear, leading t,o the definition of an “elementap’ 
fishing intensity which cari be used in preliminary 
assessment studies (e.g. GARCIA and VAN ~ALIN(;E, 

1982). 

5. TIME SCALES FOR DISPLAYING SPATIAL 
INFORMATIOK 

5.1. Long Time Gale Mapping 

The requirements for updating spatial information 
in fisheries vary significantly with application: for 
instance, in the application described above, thcre 
Will be no need for frequent changes in statistical 
areas once established, and although species dis- 

T U R K E 

FIG. 7. - Distribution movem<:nts and spawning of the mackcrel Scomber scombrus in thr Rlack Sea. From Ivasov and 
(1985) 

BEVERTON 

Changemenis de disfribution et ponte du maqrrereau Scornhr scomhrus dans la mer Noire. D’u@s IVANOV et BEVEHTON (198.5) 

tributions and extents of unit stocks cari vary in 
time, the base maps used for fisheries surveys Will 
net, usually need to be frequently updated. For 
migratory species distributions patterns of the stock 
may require to be displayed, often separately, on a 
seasonal basis (Fig. 7) but are then less liable to 
change. This also applies to those more precisely 
established baselines set up for leasing inshore areas 
and lagoons for aquaculture (e.g. MORSE, 1971), in 
coastal development, or in the location of closed 
areas, underwater parks, etc. Generally speaking, 
maps showing national maritime baselines and areas 
prohibited for certain types of fishing operations also 

do not require frequent updating, nor do t,hose over- 
printed charts used in conjunction with navigational 
aids (e.g. Decca and Loran navigations systems). 

5.2. Mapping Over Annual Time Scales 

Several applications of mapping do require regular 
updating such as the annual display of catches and 
fishing effort by area, or in the case of leasing of for 
example shellfish or mariculture areas, the individual 
leases allocated, which may change hands on a fairly 
regular basis. Generally speaking, however, mapping 
spatial data for fisheries applications tends to fa11 
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into those mappings that do not require frequent 
updating as described above, and those tonched 
upon below. 

5.3. Real Time or Close to Real Time Display of 
Spatial Information 

The type of information relevant to flsheries that 
require to be regularly updated, is generally that 
which is required for llsheries operations or asso- 
ciated activi.ties such as maritime surveillance. 
Included here are those transmissions of weather 
charts that are regularly picked up by larger fishing 
boats, and particularly for distant, water tuna fleets, 
remote sensing imagery which permits identification 
of “fronts” between different water masses which 
have from experience proved to be areas of concentr- 
ation of large pelagic flsh (e.g. STRETTA and SLE- 
POUKHA, 1983). For demersal and small pelagic fish 
stocks, the analogous spatial fishing aids are those 
provided by various sonar devices which display llsh 
schools in real time. 

The spatial distribution of the domestic fleet and 
of foreign vessels licensed to flshin the EEZ, are also 
required on a close to real time basis by the coast- 
guard and/or llsheries protection services (VAN 
IIALVOORT, in press). 

6. FISHERIES APPLICATIONS OF MAPPING 
TECHNIQUES 

6.1. Mapping Local Environments and Production 
Ssstems 

The requirements for mapping that corne under 
this heading include the delimitation of centres of 
ecological productivity and key biological habitats 
(e.g. eel grass beds, mangroves, seaweed beds); the 
communication of information concerning closed 
areas, marine parks or reserves; the mapping of 
coastal lagoons and estuaries for aquaculture uses, 
oyster leasing, mapping artiflcial reefs and statutory 
areas for the use of flxed gear, wrecks and designated 
trawling areas; the charting of harbours, wharfs, 
processing and freezer plants, markets and transport 
facilities and routes; the modelling of spatial pro- 
cesses in harvesting, and calculating indices of 
concentration of fishing effort; the real-time mapping 
of oceanographic phenomena (upwellings, cells! 
fronts) and finally marine weather forecasting. 

6.2. Designing Statistical Data Collection 

It is essential to have a clear picture of the overall 
spatial distribution and routes between key sampling 
points in the fisheries sector, in order to properly 
plan a land-based statistical survey (CADDY and 
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BAZIGOS, 1985). Such a picture (e.g. Fig. S), might 
consist of a synoptic mapping of the main concen- 
trations of fishermen (the communities), the fishing 
ports and beach landing points, as well as the markets, 
processing, freezing and transhipment points where 
quantities and characteristics of fishing products may 
be conveniently sampled, and repair yards, dealers 
in boats and gear, and sources of credit where econo- 
mit information may be collected. Such a map may be 
conveniently cross-referenced to the flling system 
where information from the various sampling points 
is stored, and be the basis for scheduling of the 
activities (and travel budgets) of statistical oficers. 
Such a document is the basis for proper statistical 
survey methodologies, for estimating catches, effort, 
species composition, etc. It Will also help to identify 
the most economically important activities and their 
interrelationships. 

6.3. Planning Scientific Resources Surveys 

One major application of mapping to flsheries is in 
the design of appropriate sampling schemes for trawl 
surveys, necessitated by the non-random distribut- 
ions of most flsh resources. The theoretical consider- 
ations involved in stratifled random sampling are 
described for instance by DOUBLEDAY and RIVARD 
(1981). The relevant operations here are usually the 
division of bathymetric strata into “cells”, to each 
of which a preset probability of being sampled cari 
be assigned (Fig. 9). Sedimentological maps dis- 
playing different bottom types cari tbeoretically also 
be used for this purpose, and when used in conjunct- 
ion with resource maps they cari help in deflning 
fishing grounds. For examples in the tropical area 
see, for instance GIRESSE, 1980 or DOMAIN, 1977. 
Other (systematic) approaches to population sampl- 
ing than random sampling are also being looked at 
carefully by different fisheries workers (e.g. FOGARTY, 
1985; CONAN et al., 1985), such as those used for 
minera1 resource mapping (e.g. DAVID, 1977). 

The high level of development of acoustic tech- 
niques also provides an approach to mapping of 
pelagic resources which has been widely applied in 
developing countries. Some of the technical consider- 
ations involved, including mapping, are given in 
in JOHANNESSON and MITSON (1983), (see Fig. 9). 

Underwater camera surveys and SCUBA direct 
observation techniques, are also now playing a key 
role in mapping locally contagious resources with 
a high degree of accuracy. 

6.4. Preparing Inventories of Resources 

The renewable resources are the basis for a flshery, 
and sometimes the abject of property or user rights 
(CHRISTY, 1982). Their distribution is the main 



FISHERIES THEMATIC MAPPING 

LI. fa) FlSHlHG CODPERATIVE 

n PRIMARY LANOING POINT 

rl SECONDAAY LANDING POINT 

x PROCESSING PLANT OR FREEZER 

SPORTS FISHINC CENTRE 

STATISTICAL OfFICEA 6) 

43 

FIG. 8. - Example of a thematic map showing elcments useful in conslructing a statistical f’rnme. (Moditicd from CADDY, 1982) 
K.B. -- Although based on the tisheries infrastructure of Bahamas, thia is for demonstration purposes only, and is not intended to 

represent an up-to-date representation of the current situation. 

Exemple de cartographie fhématique monfrant les éléments utiles pour l’établissemenf d’un cadre d’enqa&les statistiques. (Modifié de 
CADDY, 1982) 

N.B. - Bien que basé sur l’infrastruclure des Bahamas, cette figure n’a qu’on but illustratif et ne prélend pas donner une repr6sentation 
exacte de la situation prkente 

parameter driving the fîshing strategy of fishermen. 
Knowledge of the state and distribution of resources 
is among the important, factors which condition the 
success or failure of fisheries development. The 
requirements are a knowledge of the following: 
species distribution or, bet.t,er still in the multi- 
species conter;&, the distribution of fish assem- 
blages, as in ÇHARDONNIEK and GARCIA (1985); 
fish migrations, with information on their seasonal 
timing (Fig. 1 and 3 bottom); distribution and 
extent of nurseries and spawning areas; distribution 

of critical habitats such as mangroves; distribution 
of resource biomass or c,atch rates; distribution of 
national (small scale and industrial), and foreign 
fishing effort,. 

6.5. Elaborating Management Plans 

Hepresentation of various kinds of information on 
a single rnap or on overlays at the appropriate scale 
is certainly the most. illustrative and simplest 
approach to combining spatial information in a 
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FIG. 9. - Mapping pelagic fishery resources by acoustic 
survoys (from JOHANESSON and MITSON, 1983) 

Cartographie des ressources halieufiques pélagiques par les pros- 
pections acoustiques (d’après JOIIANESSON and MITSON, 1983) 

Track lines of Cruise No 7603 
Biomass contour lines drawn manuallv 
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FIG. 10. - Uiagrammatic represontation of various types of migratory stocks moving between zones : S = spawning area ; 

F = fccding area 

lieprésentation schémafique de divers types de stocks migrateurs se déplaçant b travers deux zones: S = aire de ponfe; 17 = aire 
d’alimentation 

cross-disciplinary fashion. This cari then easily be 
used as a basis for discussion, negotiation, training, 
and information tsansfer. Such a synoptic map cari 
also be an invaluable basic document for investment 
planning, and for display of economic information 
in a spatial context (e.g. display of earnings of 
fishermen and enterprises, rates of unemploy- 
ment, etc.). One of the areas where information of 
a variety of types needs to be combined in this way, 
is in preparation of managernent plans for fisheries 
(e.g. Caribbean Fishery Management Council, 1981; 
ARMSTRONG, 1983). This forma1 planning process is a 
commonly-adopted approach to management of 
fisheries and wildlife in areas of common access. 

6.6. Mapping Fishing Effort Distribution and Fishing 
Grounds 

Depicting and updating the actual quantitative 
distribution of various types of fishing effort, from 
log-book data or interviews of fishermen, and the 
way the different fisheries interact, on a map 
format, provides very valuable information on 
unoticed changes in distribution of fishing pressure 
in space, and on potential conflicts. Surreptitious 
changes of fishing distribution in space cari occur, 
that impact the fishing pattern (and the fishing 
mortality by age group), or even the target species. 
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These changes, which may not be evident on pooled 
dat,a, result, in changes in the catchability coefficients 
and in the relationship between fishing mortality 
and fishing effort, and between abundance and catch 
rates. In these circumstances they cari invalidate the 
use of simple production models on long time series, 
and suggest that an area by area approach to effort 
compilation might be more appropriate. From a 
different point of view, in Young developing countries, 
whose resources have been traditionally exploited by 
foreign fleets, mapping of fishing grounds and 
resources on the basis of national log-book schemes 
or from interviews with captain of foreign vessels is 
a good way of transferring knowledge important for 
their own national fishery development. 

6.7. Mapping in Support of International Agreements 

The advantage of having good documentation 
of present and past fishing effort and catches on a 
location-specific basis is clearly considerable when 
negotiating maritime boundaries, or in coordinated 
management or temporary access agreements: (see 
e.g. HARE, 1977). A proper classification of stocks in 
terms of their life history, migrations and key areas 
is also essential, and some of these considerations are 
touched on GULLAND (1981) and CADDY (1982) (sec 
Fig. 10). 
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FIG. 11. - Illustration of the complexity of the national juridictions in the South Pacifie (to be compared with Fig. 12) 
N.B. - This map is presented purely for illustrative purposes and does not imply any expression of opinion by the anthors regarding 

the location of the maritime oc other boundaries of the statcs or territories concerned OP the status of any claims. 
Illustration de la complexité des juridictions nationales dans le Pacifique Sud (à comparer avec la figure 12) 

N.B. - Cette carte est présentée dans un but purement illustratif et n’implique aucune opinion des auteurs concernant la position des 
frontières, maritimes on autres, des’ëtats et territoires concernés on le statut dos revendication. 

The proclamation of Extended Economie Zones 
(EEZ’s) since the late 1970’s has offered major 
potential benefits to coastal states, but has greatly 
complicated the map of the World’s oceans (e.y. 
Figure ll), and brought the spatial scale of fisheries 
into high relief. A high proportion of world fish 
resources lie within EEZ’s, but at the same time, a 
considerable proportion of these cross EEZ bound- 
aries, either between adjacent countries or with 
contiguous high seas areas. The large number of 
potential boundary disputes that could thus be 
involved, as well as the complexity of llshery 
managements, especially for highly migratory species 
in the absence of regional agreements, is illustrated 
by comparing Figures 11 and 12. 

6.8. Remote Sensing and Mapping 

This technique for rapid and precise integration 
of large scale information, together with the rapidity 
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of display of this and other types of graphies in 
electronic form, has revolutionised the whole concept 
of mapping, and made it a much more accessible 
discipline for experts in various disciplines. A number 
of recent reviews have touched upon the various 
applications of remote sensing imagery in fisheries, 
for example, GOWER (1982), KAPETSKY and CADDY 

(1985), and an overview introductory manual is now 
in preparation (BUTLER and JAYASINGH, in prepa- 
ration). It is beyond the immediate scope of this 
paper to elaborate on the applications of this 
methodology, except to note that in clear coralline 
areas, such imagery has been used to point out shore- 
line changes when compared with navigational charts 
(which are often based on ship-based surveys in the 
18th Century: e.g. LYZERGA, 1978; DAVIS, 1982; 
CADDY and PIAGGESI, 1983). Some speciflc mapping 
applications in support of coastal fisheries are for 
example, in mapping coastal seaweeds (JENSEN and 
ESTES, 1980), surveying oyster resources (HARRIS, 
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FIG. 12. - Apparent routes of tagged skipjack tunas in the South Pacifie (from KEARXEY, 1983:. Courtesy of lhc South Pacifie 
Commission 

Mouvements apparents des lisfaos marqubs dans le Paci/îque Sud (d’aprPs KEARNEY, 1983). .4vec l’auforisation gracieuse de la 
Commission du Pacifique Sud 

1980), in estimating shrimp production from shore- 
line length (FALLER, 1979) and interpreting species 
migrations and fishing fleet movements (DOMAIN, 
1980). Some oceanic applications are in mapping 
upwelling areas and primary productivity (e.g. 
SZEKIRLDA et al., 1977), and in tuna prospection 
(cg. STRETTA and SLEPHOUKHA, 1983). 

7. FAO’S WORK IN SUPPORT OF RESOURCE 
EVALUATION AND MANAGEMENT 

Having indicated the importance of spatial 
information and mapping in information processing 
and transfer to individuals in various specialities 
associated with fisheries, some practical examples 
of FAO’s work in this field cari be given. The pre- 
paration of maps cari conveniently be classified at 
various scales of action: 
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7.1. At World Level 

The Atlas of the Living Kesources of t,he Seas 
(FAO 1981) summarizes the wealth of knowledge 
acquired (in particular through the acoustic survey 
of pelagic resources), on the distribution of resources 
world Gide. It found irnmediate application since 
as it was first published shortly before the 3rd 
UNCLOS held in 1971, and because it contains general 
information at global level on the primary product- 
ivity, total catches and total potent,ial yield of renew- 
able marine resources, by statistical division, and 
by tonnage and value, with an indicat,ion of the state 
of exploitation of stocks. It also contains regional 
maps showing distribut,ion and movements of fishery 
resources and potential yields, as well as maps 
describing in detail the movements particularly of 
important migratory stocks (whales, tunas, salmons, 
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clupeids, cod, etc.). About 11 000 copies have been 
distributed up to now of what has become a very 
important reference document. 

7.2. At a Regional Level 

The Regional Atlases are particularly useful 
documents for regional tlsheries bodies, such as 
CECAF, GFCM, etc. The Atlas of the Fisheries of 
the Western and Central Mediterranean (CHAH- 
BONNIER and GARCIA, 1985), for instance, was 
produced at the initiative of the General Fisheries 
Council of the Mediterranean (GECM) in order to 
assist in regional efforts to promote better manage- 
ment and more rational development of fisheries in 
the Mediterranean. Fish migrations here are of 
limited extent, except for tunas and billfish, and the 
main tlsheries problem encountered is overflshing, 
heavy mortality of undersized flsh (discards), and 
the large fleet overcapacity existing in some areas. 
The bioeconomic data base is still rather poor 
because of the low level of development of national 
flshery research and management structures in some 
countries, and only rather empirical resource assess- 
ment methodologies are in general use. The Atlas was 
prepared with the collaboration of scientists from 
the region as a visual aid for the comparative intra- 
regional approach to flsheries analysis described 
earlier in this paper (paragraph “The importance of 
mapping resources fur making regional estimates of 
potentials yields”, supra 4.3). 

The main types of information contained in the 
atlas are: the resources distribution and spawning 
areas by species groups in species assemblages 
(pelagic flsh, demersal fish by communities, tunas); 
the main fishing areas and approximate levels of 
exploitation; annual catches by main categories; the 
current summed fishing power (total HP) by fishery 
sector; the fleet movements (when known and relev- 
ant) and essentially for tuna flshing; the agreed 
boundaries and limits of continental shelves. 

Although there is still room for improvement and 
update, the document offers some interesting pers- 
pectives. From a simple comparison of the size of 
local and national fleets, their total catches, and the 
shelf area available between different parts of the 
Mediterranean having similar overall productivity, 
the Atlas clearly depicts drastic differences in 
potential yield and economic efficiency, and in a 
convincing fashion illustrates to managers the limit- 
ations of fishery development in their local areas and 
the likelihood of serious overcapacity in some of them. 
In fact the Composite Production Mode1 referred to 
in 4.3 has been applied to the Mediterranean on the 
basis of this Atlas (GARCIA, 1984). 

At the request of the Committee for the Eastern 
Central Atlantic Fisheries (CECAF) and as a follow- 
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ing to the CECAF Consultation on Stock Manage- 
ment in the CECAF statistical divisions - Sahara 
and Cape Verde (Dakar, June 1979) a compilation of 
a11 the information available on movements of 
northern CECAF resources and their chronology was 
made (GARCIA, 1982). This work conllrmed and 
emphasized the extensive movements of stocks in 
the area between the Sahara statistical division and 
Senegal, and the need for collaboration in manage- 
ment at regional level by Mauritania, Senegal, 
Gambia and Guinea-Bissau (see Fig. 1). It is on such 
type of information that the local flsheries bodies 
based their preliminary discussions on resource 
allocation between coastal countries of the northern 
CECAF area. 

The compilation also revealed that the region 
between Guinea-Bissau and Sierra Leone is also a 
sub-regional unit where extensive stock mixing 
occurs and management coordination is needed. 
Similar efforts have been made by FAO in other 
regions of the world in parallel with the preparation 
of regional resource reviews, for instance in the 
Black Sea (IVANOV and BEVERTON, 1985, see Fig. 7) 
or in connection with specillc working groups on 
shared stocks in South East Asia (CEIULLASORN and 
MARTOSUBROTO, in preparation). 

7.3. At National and Local Level 

When dealing with problems of resource evalu- 
ation, management or development at national level, 
the precision of the information must increase even 
further and a much smaller scale have to be used. 
An extreme example here is in allocating areas of 
the order of 1 hectare or less in intertidal or subtidal 
areas for e.g. shellfish farming (e.s. MORSE, 1971), 
where lease boundaries may have to be accurate to 
within 5 metres. In order to achieve this, bench 
marks Will have to be established that tie into the 
adjacent land grid. This in itself poses problems, 
both of a technical and legal nature, since marine 
charts are usually referred to Chart Datum or low 
water mark, which is rarely defined in land surveys, 
and property rights and beach access may be tied 
to high water mark or mid-tide level. 

In fact at national level the problem of summar- 
izing the already available information for managers 
is SO crucial that we consider it the first task to be 
undertaken by a developing Bsheries laboratory even 
before starting to implement statistical or biological 
data collection systems, and certainly before prepar- 
ing any management plans. This is because the 
undertaking of an overall mapping of the flsheries 
involves identifying a11 potentially useful data 
sources and conflicts, shows some of the practical 
spatial characteristics of fisheries, and gives to the 
scientists and to the manager a framework within 



which t,o operate. In many developing countries t.his 
framework is presently not available, leading to 
a piecemeal approach to research, management and 
development. This is true even in some developed 
countries, and there is the risk that the conventional 
approach of a management plan elaborated species 
by species or stock by stock, Will not lead to the 
overall understanding and optimization of the flshing 
industry that is obviously necessary. 

8. DISCUSSION 

It is often said, although often forgotten, that, a 
fishery is a system, and we must of course recognize 
that building a realistic system mode1 that takes into 
account a11 of the key biological, oceanographic,and 
commercial parameters into account within a spatio- 
temporal frameutork, is pushing the limits of modell- 
ing techniques. More critically for the marine 
resources, the number of unknowns are such that 
the realism of output of such modela leads to a 
certain scepticism as to their potential practical 
application for management. This is even more SO if a 
simple descriptive and quant,itative representation 
of the fishery has net been elaborated first to delimit 
the system, identify its components and their inter- 
relationships, depict tbe resource, and map its distri- 
bution and spatial structure. 

Fisheries clearly operate in a multi-dimensional 
context, but over the last two decades, temporal 
considerations, particularly of a biological nature, 
have largely overweighed the spatial, social and 
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economic ones. Biological parameters have been 
given overwhelming importance and time series have 
been very widely used. Economie and social di- 
mensions are now slowly being recognized as equally 
critical for fishery management. The spatial structure 
of fisheries systems has also been largely forgotten, 
either because of the desire for extreme simplicity in 
the provision of scientific advice to flsheries admi- 
nistrators, or because spatial characteristics of 
llsheries are net as easily generalizable in a scientific 
forum. It is obvious that spatial characteristics are 
most c,ritical on a local scale, and this probably 
explains why in most instances the local enforcement 
units have to deal with spatial problems, even though 
the National Fisheries Administrations or fisheries 
commissions do not always c,onsider them. 

During the last decade, the growing numbers of 
llshery biologists, and more specifically stock assess- 
ment scientists (we suspect this is also truc for some 
economists), have tended to view flsherics models 
as systems of linear regressions with one dependent 
and one or more independent variables. This extreme 
abstraction of such a complex activity was probably 
essential for analysis of some of the key inter- 
relationships involved, but elaboration of manage 
ment measures on the sole basis of catch-effort, cost- 
value relationships or yield per recruit analysis may 
lead to unrealistic and insufflciently documented 
decisions and therefore to lack of compliance by 
llshermen or conflict with these decisions. The 
present document attempts to synthesise some of 
the current trends in flsheries, which to us, are 
leading to a better appreciation of the spatial 
context of flsheries activities. 
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