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ABSTRACT 
 
          Production behaviour, input-output response and characteristics of gillnet technology have 
been investigated using the data from Peninsular Malaysia. Results showed that gillnet fishermen 
cannot maximize profit. Most of the product supplies are non-responsive to price changes. Input 
demands, however, are responsive to their price changes. Complementarity exits among the 
species caught. Variable inputs are also complementary to each other. Input-output relationships are 
separable and non-joint. The study provides empirical support that open-access to fishery results in 
over utilization of resources. Some form of regulations is warranted to restrict fishing effort. 
Regulation prohibiting catch of selected species seems to be quite appropriate and consistent as 
far as the gillnet technology is concerned. 

I. INTRODUCTION 

Inspite of the joint production of outputs in much of the world's agriculture, production 
relationships between outputs and inputs of multi-product firms has commonly been 
overlooked due to limitations associated with traditional functional forms (Duloy, 
1964). As a result of aggregation of output, many earlier studies have been unable 
to shed any light on the relationship between inputs and specific outputs and the 
relationship between various alternative outputs (Lau and Yotopolous, 1972; Vincent, 
1977). In the capture fishery, 
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characteristics of multiproduct technology such as input-output separability and jointness 
in inputs are commonly ignored. Many of the production function related studies 
conducted earlier (for example, Fredericks and Nair, 1985; Jahara, 1984a, 1984b; 
Tokrisna et al., 1985; Khaled, 1985) did not take these aspects into consideration. 
Fortunately, the development of some flexible functional forms has made it possible to 
test for these characteristics. 

 
Production function approach is one of the popular methods of estimating farmer's 

response to changes in prices of their farm products. In this method derived input 
demand functions are obtained by solving simultaneously, the production function 
and the marginal productivity condition as has been done by Sidhu (1974). However, since 
the production function considers quantities of inputs as the independent variables, 
elasticity estimates obtained through it tend to suffer from bias. In a production system, 
the production function may be considered to be a non-isolated relationship. Data 
observations are generated by profit maximizing or cost minimizing considerations 
of the farm and, as a result, the output and input levels are simultaneously determined. The 
production function is therefore only one of a system of simultaneous equations, 
and single equation estimates in general are biased and inconsistent. This results from the 
fact that the level of factor use does not only depend on the output and respective 
factor prices but also on the error term of the production function, thus violating 
the assumptions of the least square estimation of the production function (for example, 
see, Walter, 1963; Zellner et al., 1966, and Yotopolous and Nugent, 1976). 

 
By making use of the duality theory, the present study has developed a multi-product 

profit function through a flexible translog functional specification to account for the 
inherent weaknesses of the single equation estimation made through traditional functional 
forms (see, Chand and Kaul, 1986 for weakness associated with Cobb-Douglas 
functional form). Translog, being a flexible function, provides added opportunities 
to test for the characteristics of a multiproduct technology. The particular areas of 
investigation include nature of production behaviour of fishermen, output (fish) 
supplies and input demand response, and characteristics of gillnet technology 
being applied to harvest multiple species from open-access common property 
fishery in Peninsular Malaysia. The use of a multiproduct profit function to analyse 
production relationships in the concerned 'capture fishery' is a new application of 
the duality theory. It is expected that the analysis will generate useful information for the 
management of capture fishery of the developing nations. 
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The paper is organised as follows. Section II describes briefly the nature and 

characteristics of gillnet fishery and the fishing technology. Section III deals with 
the data, methodology and the analytical model. Findings of the study are discussed in 
section IV. Finally, conclusions and policy implications are made in section V. 

 
II. NATURE OF FISHERY AND CHARACTERISTICS  

OF FISHING TECHNOLOGY 
 

The Fishing Industry 
 

The fishing industry of Peninsular Malaysia is a relatively small subsector of 
agriculture contributing only 2.3% to GDP (Department of Fisheries, 1990). The marine 
fishery in Malaysia is the dominant fishing sector contributing about 95% of 
total fish production. Artisanal fishery is the mainstay of the Malaysian fishing 
industry. Technological dualism is apparent as both commercial gear like trawler, purse 
seine coexist with a large number of traditional fishing methods such as drift/gillnets, 
liftnet, bagnet, scoopnet, and hooks and lines.. About 54% of all gear types are gillnets 
contributing 6.3% of total marine landings of the Peninsular Malaysia. The trawlnet 
and purse seine constitute 20 and 8% of all gear types which contribute respectively 57 
and 20% of the total marine landing. Although gillnets contribute very- little but huge 
number of fishermen maintain livelihood with this. 

Operation of Gillnet and Catch Composition. 
 

The marine fishery of Peninsular Malaysia is Multispecies in nature. The fishing 
firms operating in this fishery often harvest multiple species with level and mix of catch 
as decision variables depending upon the types of gear used and mechanization of 
boat/vessel. Although level and mix of catch are to a great extent decision 
variables in the capture fishery, the gillnetters produce non-targeted catch too. 
 
        Gillnets used in Peninsular Malaysia are of different types such as pukat jarung, 
pukat hanyat and pukat dalam.. Nets are so designed as to entrap, entangle or encircle 
fish during operations. Usually gillnets are set across the direction of the migrating fish, so 
that they try to make their way through the 
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meshes of netting. In trying to swim through a mesh of netting which is a little smaller 
than the largest circumference of their body, they get stuck, or, in other words, 
meshed. By struggling to become free from the mesh the fish further entangle itself. 
Once the fishes are meshed, the nets are taken out of water either manually or 
mechanically in order to disentangle fishes from the meshes. The catches are stored in 
deck of the boat/vessel. The dominant .species vulnerable to gillnets are Pomfret, Spanish 
Mackarals, Wolf Herring, Shads, Horse Mackarals, Hardtail' Scads. Selar Scad, Tuna, 
Black Kingfish, Crab, Marine Catfish, Jewfish, Indian Mackarals, Gizzard Shads, 
Queenfish, and Sharks. Although meshes,can be designed in the light of the species in 
view, the ultimate catch invariably results in a mix of different species: The catches are 
harvested by organizing fuel/energy, labour/crew, and capital (boat, engine, gear, 
net, and a set of fishing accessories). 

Characteristics of Fishing Trip 
 

The average length of hull of sample boat/vessel is about 12 meters. Gross 
Registered Tonnage (GRT) was 10.57 on the average. All the surveyed boats had 
inboard engines, the average horsepower of which was about 26. Number of trips 
made at sea -by the gillnetters was 19 per month. Trip duration was 1.14 days. Thus, the 
total fishing days per month is 22. Average distance covered by the gillnetters was about 
10 nautical miles. Average haul made per fishing day was 2.00. The surveyed 
gillnetters had a mean crew size of 3.16. 

Characteristics of Multispecies Fishing Technology 
 

Two of the important characteristics of the multispecies fishing technology are 
input-output separability and jointness-in-inputs production which have important 
implications for fishery management. Separability is the relevapt property of 
technology which allows aggregation of individual inputs into the aggregate 
variable fishing effortl. Several types of separability exists, but the relevant type 
for aggregation is weak separability. Weak separability requires that marginal rates 
of technical substitutions (MRTS) between all pairs of variables in a particular group 
(such as fishing effort) are independent of changes in the levels of variables not in 
that group (output). Strong separability is a more restrictive form of separability, 
and requires that the MRTS between variables of different group be independent of the 
levels of the variables in any other group. Strong separability implies weak 
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separability, but the converse applies when only two sub-sets exist. Separability can occur 
at various levels of aggregations. At the highest level, separability between inputs and 
outputs implies composite indices for both total cak:fv and effort. An input-output 
separable technology implies that fishermen make their decision on optimal species 
independently of their decisions on factor combination. Fishermen select their species on 
the basis of expected relative species prices and prior knowledge subject to the 
technological constraints imposed by resource availability and weather 
conditions. Alternatively, changes in relative species prices do not affect 
production decisions on the optimal combinations of inputs used. 

 

Joint-in-inputs multiproduct production requires all inputs to produce all 
outputs, while non-joint-in-inputs implies separate production function for each output or 
set of outputs and decisions about production of a particular species are independent of 
decisions about other species. 

 

These two characteristics of the multispecies technology have far reaching 
implications for fishery management. The commonly maintained hypothesis, i.e., 
existence of composite 'effort' and aggregate 'single' output index is valid under a fairly 
restrictive assumption. If the technology does not satisfy these restriction then input-
output aggregation in the form of composites may provide misleading information and 
the fishery managers are often misguided leading to failure of fishery regulations. 

III. DATA, METHODOLOGY AND THE MODEL 
 

         The present study utilizes the duality theory to study the production 
relationships between outputs and inputs in a common property2 fishery of 
Peninsular Malaysia. Cross-sectional data are used for testing the main hypotheses 
relating to input-output separ4bility, jointness-in-inputs production and profit 
maximizing behaviour of the gillnet fishermen. The use of crosssection data in profit 
function framework poses some problems (see, Quiggin and Builan, 1984). The arguments 
of a profit function are price variables and these, are not likely to vary greatly between 
firms at a single point of time and location. In a perfectly competitive market, all firms at a 
given time and place face the same vector of prices. However, in cross-sectional 
studies, it  is generally assumed that differences in time are excluded and variations in 
the 
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vector of actual prices faced by firms come only from differences in locations or from 
variations of the competitive assumptions. If differences in locations are an 
important source of price variation, then there does not appear to be any theoretical 
difficulty in estimating the cost and profit functions, nor in testing for efficiency 
differences between groups of firms. In order to have reasonable variability among the 
vectors of prices, data were collected from several selected locations of the east coast 
of Peninsular Malaysia. 

 
A multistage sampling procedure was administered in selecting the sample fishing 

firms. The first and second stages were respectively the selection of states and fisheries 
districts within the states. Based on the criteria of the concentration of the 
concerned gear, selected locations of the states of Terengganu, Pahang and East 
Johor were chosen as the study area. A total of 42 gillnet fishermen from the selected 
locations constitute the total sample. As staged earlier, the fishery under consideration 
is multispecies in nature and therefore, a large number of species were required to be 
aggregated in order to accommodate the multiple outputs and inputs in the the profit 
function model. The aggregation was made on the basis of the grading system .of the 
Department of Fisheries, Malaysia, for different species caught and sold in Malaysia3. 
The different species vulnerable to the gillnet were aggregated into three grades namely, 
high-grade, medium-grade and low-grade. The aggregation of species made in the present 
study followed the geometric weighted average procedure. Geometric mean prices and an 
implicit quantity index of catch were computed since prices of variable output-input are the 
main concern of the profit function approach (see, Alam, 1991 for details.) 

Production Frontier and Profit Function 
 

In specifying the short-run production technology the study specified three 
aggregated species, two variable inputs namely, energy (diesel/petrol and 
lubricant) and crew/labour implicit wage4, and a quasi-fixed factor (boat/vessel size) 
represented by the gross registered tonnage (GRT). Shortrun restricted profit was 
defined to be the total revenue from the sale of species minus the cost of energy 
consumption and total implicit labour/crew wage. It is assumed that in each of the period 
fishing boats maximize short-run profit subject to their fishing technology set and 
vessel/boat size. 
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output of one activity and that of another. It is possible to allocate the overall fishing effort 
between the constituent species of the stock when a partial nondiscriminatory gear like the 
gillnet is applied to a multispecies fishery because of the non-existence of technological 
interactions among species. This implies that management regulations that affect 
vulnerable species can be maintained for the gillnet technology. It is then possible to save a 
stock through species regulation which is in the process of extinction. 

Part ial elast icit ies  
 

Elasticities of supply of, the three aggregated species are all insignificant and 
inelastic (Table 3). As the elasticity estimates are insignificant, it matters little as to 
whether the algebraic signs are positive or negative. While positive signs are expected 
negative sometimes may appear because of specification bias for probable exclusion 
of the biological variables related to the gillnet production technology, presence of a 
number of insignificant dummy variables and bias due to output aggregation (see, for 
example, Gates, 1974; Kirkly and Strand, 1988; and squires, 1987). 

 

Elasticities of input demand are significant with appropriate negative algebraic 
signs. The magnitudes are 0.2378 for energy consumption and 1.7772 for crew/labour. The 
labour demand is price elastic while energy consumption is inelastic. 

 

The inelastic nature of the energy consumption determines the importance of 
fuel/energy in gillnet fishing. 

 

Cross price output supply elasticities of all the aggregated species are positive of 
which majority are significant at 0.01 level of probability. The positive signs indicate 
that the aggregated species are complementary to each other. As the magnitudes of cross 
price supply elasticities are less than one they appear to be inelastic. As far as 
cross input demand elasticity is concerned the demand-price relationships, as 
evidenced by the standard errors, are significant. The two variable inputs appear to be 
complementary to each other indicating that the two inputs are of equal importance in 
producing catch under the existing state of technology. 
 

        Supplies of output are significantly adversely affected if the price of  
crew/labour goes up which is not so in case of price of energy/fuel. Demand 
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concerned, the production is non-joint in inputs and the input-output relationships 
are separable indicating that separate production function exists for each of the 
aggregated output species. Since the existence of different production function is 
apparent for the gilllnet catch, it  is possible to restrict fishing effort through 
species regulation and save species of interest from extinction. Supplies of fish are, 
in general, not responsive to changes in prices. This suggests that supply adjustment 
cannot be made by manipulating output prices at the present state of technology. 
Further technological development is necessary in order to make fishermen price 
responsive. Input demand, however, is quite responsive to changes in their 
prices. Relationship among different species are complementary. Complementarity 
also exists between variable inputs i.e., between energy and labour/crew indicating 
that both are necessary in the present level of gillnet fishing. The production 
behaviour appears to be consistent with the nature of the common property 
resource. The gillnet fishermen turn out to be non-profit maximizer. 

Notes 

1. Fishing effort is a composite index of input often aggregated from component elements 
such as, capital, labour, materials and time spent in fishing. Bio-economic modelers often use 
the term for studying catch and effort relationship in fishery. 

 
2. Under common property regime, there is free and open access to the fishery allowing 

simultaneous use of the resources for those interested. The condition of free and open 
access is often accompanied by detrimental economic consequences to the fishery 
resources whenever it occurs (see, Anderson, 1986 for adequate explanation). 

 
3. Department of Fishery, Malaysia provides three different gradings, namely, grade-A, 

grade-B, and grade-C species depending upon the high, medium and low prices of the 
species. Prawn of different species constitutes a separate grade. 

 
4. Unlike in agriculture, the labour/crewmen employed in capture fishery are not paid 

wage. Rather, they are remunerated on the basis of share of catch. The usual practice is to deduct 
the operating cost from the gross revenue and divide the net between the boat owner and the 
crewmen on the basis of a predetermined proportions. The total share of the crewmen 
are then distributed among the different heads depending on the nature of work assignment 
(see, Alam, 1991 for details of the mechanism of sharing the the income of marine fishermen). 

 

      5. The advent of the flexible functional form allows examination of a large number of 
economic effects and fewer hypotheses to be maintained on the structure of the 
 
 



 



 



 


