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I,  INTRODUCTION 

There exists a long tradition of using floating objects such as logs, palm leaves, etc. as aggregating 
devices for fish. The phenomenon of fish gathering around solid objects has been made use of for a long 
time by artisanal fishermen, particularly in Southeast Asia and in the Western Pacific (Bergstrom, 
1983). In Japan, there exists an ancient history of artifical reefs whose origins possibly go back to the 
folk belief that gods and the afterworld exist in the sea (Chii, IPFC Symposium, 1990). 

Modern designs of artificial reefs (ARs) and of fish aggregating devices (FADs) are of more recent 
origin. In some fisheries, primarily for tunas, FADS have attained considerable commercial interest. On 
the other hand, ARs derive their increasing significance from government supported deployment 
programmes aiming at a range of objectives including protection of coast lines, enforcement of 
management regulations, waste disposal, and others. Contrary to FADs, private sector investments in 
ARs have been of negligible importance. This may indicate that economic returns of ARs are low or 
negative, andlor that ARs have characteristics similar to public goods (externalities in production and 
consumption). 

The literature on ARs and FADS is hitherto dominated by the discussion of technological and 
biological aspects. Only in recent times has more attention been given to economic and socio-economic 
issues; however, there is a general lack of thorough economic analysis of costs and benefits of such 
structures and of the impacts they have on the fisheries and the fisherfolk. 

This paper attempts to provide a framework for social and economic analyses which are needed in 
the planning, monitoring and evaluation of AR and FAD development programmes. The starting point 
is a discussion of the various .objectives which are pursued with such structures. The paper then 
discusses the costs and benefits of FADS and ARs and derives social and economic infofmation needs 
which are of relevance in planning and monitoring' and evaluation. The paper concludes with 
highlighting the proposition that the efficiency of ARs and FADS is closely related to their proper 
management. 

2. OBJECTIVES 

The objectives of FADS and ARs are quite varied depending on the specific fisheries and coastal 
situations. Some of the objectives are explicitly formulated in the planning of deployment programmes 
while others are not spelled out or are not even anticipated at the planning stage. The following 
objectives are frequently explicitly pursued with FADS and ARs. 
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Table 1: Objectives of FADs and ARs 

FADs and ARs 

1. Aggregation and concentration of fishery resources resulting in higher catch rates and more 
stable catches; 

2. Reduction in searching and steaming time resulting in fuel savings, and possibly longer fishing 
time; 

3. Recreation (e.g. sports fishing; diving; photography). 

ARs only 

4. Enhancement of fishery resources through habitat improvement and/or rehabilitation; 

5. Enforcement of management regulations that aim at preventing the operation of certain types 
of fishing gear in near-shore waters (e.g. trawl gear); 

6. Protection of coastlines, mariculture operations, and of coastal settlements against the impacts 
of waves and currents; 

7. Disposal of waste (buses; cars; lyres; etc.) 

Depending on the particular conditions, the relative importance of the above objectives vary. 
Traditionally, the first two objectives were likely to have been of paramount importance and, in the 
case of FADs, continue to be the main justification for theif deployment. 

With regard to artificial reefs, objectives 4 to 6 often play a decisive role in ongoing deployment 
programmes. The relative weights of these objectives are again related to the particular conditions. In 
Japan, for example, protection of coast lines and mariculture installations is of great significance. In 
some developing countries of South East Asia the prevention of shallow-water trawling appears to be a 
major objective of artificial reefs. 

An important implicit objective of FADs and ARs is often of a political nature. As most inshore 
fishery resources in the IPFC region are heavily or over-exploited, AR deployment programmes in 
particular appear to have become an alternative either to more traditional development efforts geared 
towards artisanal fisheries (e.g. soft credit schemes; gear and craft development; etc.) or to the 
politically more difficult decisions required to effectively manage inshore fisheries and to reduce 
conflicts among industrial trawl and small-scale fisheries. 

Other, unanticipated effects of FADs and ARs have hitherto received only limited attention. They 
include, for example, a change in the daily working pattern of fishermen that has profound 
repercussions on family life and on the role of women (Chii, 1990). They also include the evolution of 
forms of property of fishing rights over sea space and fishery resources that entail the opportunity for 
greater equality in access to resources (e.g. in Japan as reported by Chii) or the development of new 
types of production relationships between large-scale and small-scale fisheries. Among the latter, 
notable is the example of the "Nucleus Estate and Smallholder System" for tuna fishing in Eastern 
Indonesian waters as reported by Hardjono (1989, IPFC Symposium); here the industrial fishing 
company deploys the payaos (FADs) and provides other necessary inputs including credit to small-scale 
fishermen in return for their supplying all the tuna caught to the company. In the Philippines, a kind of 
symbiotic relationship developed whereby large-scale purse-seining is exploiting surface swimming tuna 
whereas the small-scale fishermen are targetting with hook and line on deep water tuna (Aprieto, IPFC 
Symposium, 1990). 



The attachment of property rights to FADs and ARs create predictable working time schedules 
similar to harvesting cycles in agriculture. Fishermen can plan their fishing trips to these structures 
according to the time it takes for fish to aggregate during different seasons in a year. 

A related impkcit effect of FADs and ARs is the development of cooperative forms of fishing 
among, so far, "individualistic" operators. In Kerala State, India, for example, fishermen groups were 
formed for the joint deployment and harvesting of the artificial structures (Achari, 1987). 

Another implicit effect is new forms of labour division as reported from Indonesia; here the 
construction and deployment of 'rumpons' (FADs) for pelagic fisheries has developed into a specialized 
activity (Hardjono, 1989, IPFC Symposium). Fishermen are allowed to make use of such installations 
provided they give a certain amount of the catch to the rumpon-owner (s). Similarly, in the Philippines 
concessionaires lease payaos to fishing companies and receive 20% of the catch value in return 
(Aprieto, IPFC Symposium, 1990.). 

3. COSTS AND BENEFITS 

The construction, deployment and maintenance of ARs and FADs incur costs which ideally should 
be lower than the economic and social benefits derived from them. However, the measuring of benefits 
and costs of such structures may pose formidable problems, particularly in those instances where 
structures perform multiple Functions and where intangible benefits (or costs) occur such as changes in 
family life or a reduction in conflicts. 

In those countries where private investments led to the widespread introduction of FADs there is 
little doubt about the profitability of such structures to the investors, and likewise to the local and 
national economies. The available data from Indonesia and the Philippines indicate greatly expanded 
catches, especially of tuna, and increased fishermen's incomes as a result of FADs. Here, the key role in 
financing, construction and deployment of FADs was played by large-scale fishing companies. Another 
very successful application of FADs is the use of so-called beacon-buoys (transmitter-equipp6d) in the 
rapidly expanding industrial purse-seine fishery in the Indian Ocean. 

There is, however, the danger of the dissipation of net benefits as the number of FADs continues 
to increase in an uncontrolled and disorderly fashion. The dissipation of net benefits can occur in two 
ways: First, given a certain fishery, there exists an optimum number of FADs beyond which no 
additional benefits occur as a result of fish aggregation and/or of reduced fleet operating costs; the 
further deployment of installations only contributes to cost increases. This relationship is graphically 
shown in Figure 1. 
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Figure 1. Net beneM as a function of the numbers of FADsIARs. 



Indications of likely losses in economic efficiency due to excessive numbers of structures is 
availabie from the payao fishery for tunas in the Phillippines where concessionaires and fishermen 
groups have informally agreed to maintain a minimum distance between payaos of 7 miles. There is also 
concern regarding the capture of large quantities of juvenile tuna and 'of the observed cannibalism 
associated with phyaos (Aprieto, 1990). 

Secondly, given a certain fishery resource and fleet capacity, increased aggregation may result in 
biological and economic overexploitation; in this situation, further increases in net benefits may become 
dependent on a reduction of fishing capacity. This relationship is shown in Figure 2. 

Figure 2. The bio-economic effects of FADdARs. 

From the perspective of a particular country, region or fishing community, artificial structures may 
depict features of "false" resources enhancement that more appropriately could be referred to as 
"fishery" enhancement. Fishery enhancement would be given when additional resources become 
available for fishing. This relationship is shown in Figure 3. 

- -- -- 

Figure 3. The enhancement effort of FAWARS. 



The higher catches obtained as a result of fishery enhancement may be at the cost of lower catches 
of other fishing communities, regions or countries or they may be the result of exploiting a hitherto 
unexploitable resource (due to bio-, and techno-economic constraints). In the first case, the artificial 
structures would lead to the redistribution of catches .and incomes from one group of fishermen to 
another and may result in greater conflicts. In the latter case, there is a real increase in yields from the 
resources. 

With artificial reefs it is unlikely that resources become available for fishing which hitherto were 
unexpioitable because the structures are placed on the sea bottom and in nearshore waters that were 
often subject to intense fishing, primarily trawling. However, artificial reefs may lead to 'true' 
enhancement due to two effects: First, by preventing trawling they may reduce growth overfishing; 
secondly, by creating conducive habitat they may enhance growth and recruitment of existing and, 
possibly, other species.Both effects will lead to an upward shift in the yieldlrevenue curve as shown in 
Figure 3. 

Table 2 below attempts to structurize the different effects of FADS and ARs and to indicate their 
impacts on the fisheries in economic terms. 

Table 2: The effects and impacts of FADS and ARs. 

FADS 
Effect: Concentration 
Impact: a) underexploited resource > - higher catches 

- higher revenues/incomes 
b) fully-exploited resource > - stagnatingtlower catches 

- lower revenueslincomes 
- redistribution of catches and incomes 
- likely increased conflict 

Effect: Fishery enhancement 
Impact: a) Unexploitable resource > - higher catches 

- higher revenueslincomes 
b) exploited resource > - higherlstable or lower catches 

- redistribution of catches 
- higherlstable or lower revenues 
- redistribution of incomes 
- likely increase in conflicts 

Artificial reefs 
Effect: Concentration 
Impact: see FADS 
Effect: Trawling prevention 
Impact: > reduced growth overfishing > - higher catches 

- higher revenueslincomes 
- redistribution 

Effect: Enhancement 
Impact: > enhanced growthlrecruitment > - see above 

Table 2 omits the fact that different effects occur at different points in time. It is likely that the 
concentration effect of ARs occurs earlier on than the enhancement effect. This could imply that 
overfishing is made worse in heavily exploited fisheries even ihough the artificial reefs may have 
enhancement properties. In practice, it may often be difficult to clearly attribute changes in catches and 
revenues to the different possible effects of FADS and ARs; an exception to this are those instances 



when an entire fishery depends on such structures as, for example, the dolphin fish fishery off Malta in 
the Mediterranean Sea (G. Pajot, personal comment). 

Table 2 also omits the fact that impacts will be greatly different depending on the way a fishery is 
managed. In unmanaged fisheries FADs will have positive impacts if the resource(s) are unexploited or 
underexploited. This is likely to have been the case in the Philippines and Indonesia; and is likely to be 
still applicable for the tuna fisheries of Sri Lanka, Maldives and India; and possibly other countries. 

In unmanaged fisheries that are already heavily exploited, such as some of the pelagic stocks of 
the IPFC region, FADs are likely to lead to enhanced overfishing and possibly conflicts among 
fishermen using different gear-types. In these situations, FADs may do more damage than good if their 
introduction and extension is not controlled, and is not complemented by a reduction in fleet capacities. 

Artificial reef deployments in the IPFC region generally take place in heavily exploited nearshore 
waters. With the exception of some countries, particularly Japan, at present inshore resources are not 
effectively managed in the region. Under these conditions, the concentration effect of ARs could result 
in more severe overfishing and conflicts. If ARs, however, do also have enhancement and trawling 
prevention effects, their introduction may have positive impacts. However, the question remains as to 
whether the placement of ARs is the most cost-effective way to achieve greater benefits from the 
region's inshore resources. First, it is likely that a reduction in the numbers of inshore trawlers would be 
a more cost-effective way of reducing growth overfishing. Secondly, reduced intensity of trawling is 
likely to also contribute to the enhancement of most demersal resources as, for example, observed with 
Indonesia's trawling ban. 

In Japan, which probably has the most extensive artificial reef programme in the world, trawling 
prevention did not play any significant role in decisions regarding ARs deployment. The most important 
objectives were the protection of coast lines and of agriculture fields, in addition to resource 
enhancement. While detailed information on the economic returns of Japan's AR programmes are not 
available to the author, it is unlikely that enhancement benefits alone could have economically justified 
construction and deployment. 

INFORMATION REQUIREMENTS 

The economic and social data required for planning and monitoring FAD and AR deployment 
programmes are not greatly different from those required for fisheries development planning and 
management in general. A concise overview of such data is provided in Table 3 (see also Rey, IPFC, 
1989). 

At the beginning of the planning process there should be a detailed analysis of past development 
and present condition of the fishery. This would include information on stock characteristics; catch and 
effort; costs and earnings; and on socio-economic aspects of the fishing households and communities 
including ownership distribution of fishing assets, working time schedules, role, structure and functions 
of community organizations, and existence and forms of traditional fishingJterritorial use rights. The 
latter would be of particular importance because FAD and AR deployment could lead to drastic 
changes in the values of specific fishing locations. 

Information on community organizations would also be of special relevance because the full 
benefits of artificial structures are likely to be only realized if they are cooperatively (or privately) 
owned and managed by groups/communities of fishermen. As a case study from Kerala indicates, once 
clear ownership rights are' absent, fishermen will lose interest in the rational management and 
maintenance of such structures (Achari, 1987). Further, without ownership rights the benefits from 
optimizing harvesting schedules will not be realized. Ownership rights may also contribute to more 



equal sharing of the benefits from the resource through rotational harvesting arrangements (see the 
example of Japan in Chii, IPFC, 1990). 

Even if no ownership or fishing rights were contemplated at the onset of the deployment 
programme (if done by the government), experience indicates that such rights may evolve and may be 
enforced by certain communities, groups or individual interests. Unsolicited claims could lead to an 
undue appropriation of resources and result in severe conflicts. 

Irrespective of ownership aspects, the deployment of artificial structures is likely to affect 
fishermen using different gears in different ways. ARs, for example, may obstruct beach-seine 
operations. FADS may allow the use of gillnets, instead of traditional hooklpole and line techniques; 
they may, however, also obstruct drift net fishing, as reported from Sri Lanka (Weerasooriya, 1987). It 
is of importance to anticipate such changes and make the necessary provisions in decisions regarding the 
placement of such structures and regarding possible regulations for their use. 

Table 3: Data required for fmheries development planning and management 

I I PERCEPTION OF MANAGEMENT NEEDS -pi 

Source: Report of the ACMRR Working Party on the Management of Living Resources in 
Near-Shore Tropical Waters. FA0 Fish. Rep. (284), Rome 1983 
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In the longer term, FADs and ARs may also lead to changes in the characteristics of fishing 
vessels. Predictable working schedules, the absence of searching time and the relative closeness of the 
structures to the shore may allow smaller vessels with lower horse power engines to perform more 
economically, As reported by Chii in Japan (IPFC, 1990), the fact that fishermen are able to exactly 
time their harvesting activities, greatly reduced the need for racing both in terms of being first at the 
preferred fishing spot as well as being first at the market place. Costs and earnings investigations that 
include data on steaming and fishing time will help in identifying changes in fuel costs as a result of 
deployment programmes. 

A major difficulty in FAD and AR programmes will be to predict and assess their overall impact 
on the fisheries as against their impact in a particular location and on a particular group of fishermen. 
Similar to other technological advancements, e.g. motorization of crafts, in situations of full 
exploitation, artifical structures may just result in a redistribution of catches and incomes with no 
additional benefits created on the sector level. However, if proper management is assured (the 
structures themselves may facilitate effective management), various benefits could be realized even if 
resources are heavily fished; these include fuel savings; regularity in harvesting schedules; distributional 
improvements and movement towards smaller vessel sizes. 
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