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Abstract 

Various input factors contribute to the final output in extensive aquaculture systems. 
These include culture practices, skill level of the farmer, technology applied, species cul
tured, geographic location to market centers and environmental factors, among others. The 
evaluation of these factors in the context of Total Factor Productivity (TFP) analysis allows 
the comparison of specific characteristics of inputs in relation to their impact on outputs in 
the culture system which can assist in optimizing production under the conditions exam
ined. 

Total Factor Productivity (TFP) index, which is defined conceptually as the ratio of an 
index of total output to an index of all factor inputs, is adopted widely as the standard ap
proach in measuring the total factor productivity. In this paper, we use a variant of the 
Tornquist Index, a TFP index, to examine the interspatial productivity differences of exten
sive farms in Indonesia practicing various forms of polyculture and milkfish monoculture. 
The data set comprises a total of 55 farms located at three different geographic and eco
nomic regions of Sulawesi. Polyculture farms carry out different combinations of crab (Scylla 
serrata), shrimp (Penaeu.s monad01,), seaweed (Gracilaria sp.) and milkfish (Chanos chanos) 
cultures. TFP indexes are obtained from seed, labor, fertilizer, feed, and chemicals as variable 
inputs and the four different outputs (species cultured), adjusted by the input cost and output 
revenue shares for each farm. TFP indexes are then regressed against nine geographical lo
cations, eight culture systems (seven different polycultures and the milk:fish monoculture) and 
total pond area, in order to estimate the individual effects of these variables. 
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the extensive method of aquaculture minimires potential environmental impact 
from effluent, and is generally being considered as a sustainable aquaculture 

practice. In addition, the majority of production is used to meet the nutritional 
needs of the domestic population and contribute to the economy of Sulawesi 

through employment, purchase of farm inputs and the marketing process for 

the farm output. There are also a number of export revenue products that 
generate foreign exchange, thereby contributing to the national economy's 

growth and trade balance. These include shrimp (Penaeus monodon), seaweed 
(Graci/aria sp.), and mangrove crabs (Scylla serrata). 

Reported analyses of polyculture systems are mostly for fish. Hulata, 
Milstein and Goldman (1993) evaluated the effect of management inputs on 

fish yields (or profits). Milstein, All<on, Karplus, Kochba and Avnimelech (1995) 

analysed the effect of organic and inorganic fertilization and pellets feeding on 

fish performance and water quality. However, analysis of polyculture systems 

involving different aquatic organisms like fish, shrimp, seaweed and crab in 
the simultaneous culture were not found. 

Materials and Methods 

Economists commonly use partial productivity ratios such as output per 
worker and output per hectare to compare productivity of various agricultural 
production enterprises. The observed static differences in the partial productiv
ity ratios are generally associated with differences in the use of modem indus
trial inputs as substitutes for land and labor. The dynamic or time differences 
of these ratios, on the other hand, provide a good indication of technological 

changes. However, economists recognized the inadequacy of these partial pro

ductivity ratios which can provide a misleading picture of productive perfor
mance and have subsequently developed a more comprehensive concept which 

compares outputs with the combined use of all inputs (resources). Total factor 
productivity (TFP) index, which is defined conceptually as the ratio of an index 

of total outputs to an index of all factor inputs, is adopted widely as the stan

dard approach to the measurement of total factor productivity. Similar to the 

partial productivity ratios, TFP can also be used to measure productivity dif
ferences over time or across productive units. In this paper, we applied an 

interspatial TFP index to compare the productive performance of extensive 
farms in Indonesia practicing various forms of polyculture and milkfish monoc
ulture. 

TFP index is an index number that measures changes in a set of related 

variables and provides estimations of variation over time and/or space. Based 
on Diewert's earlier work (1976, 1978), Denny and Fuss (1983) developed the 

methodology for intertemporal and interspatial index determination and the 

resulting total factor productivity (TFP) analysis. This work was complemented 

by Caves, Christensen and Diewert (1982), who also worked on the methodol

ogy for input, output, and productivity measurement based on index numbers, 

developed from the Tornqvist-Theil index, a generalized version allowing for 

transitivity and multilateral cases. 
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The Index Numbers obtained are presented in Table 1 on a geographical 

basis. Only in three of the nine sub-districts TFP (average) is above the total 

mean. By sub-district, the highest average TFP is obtained in the sub-district 

Walenrang, where only polyculture farms are established. For the three broad 
geographical and social regions, Luwu (1.67) presents the higher TFP com

pared with the average, followed by Kwandang (1.44) and Lariang (1.13). Val

ues for mean Net Profit and mean Total Variable Costs are also included in 

Table 1. The TFP Index and Total Net Profits have a positive correlation of 

0.645 (Pearson). 

Table 2 shows the TFP values for the different production systems. TFP 

indexes for polyculture are higher in general, and in particular polyculture 

incorporating seaweed indicating that Gracilaria sp. is a significant factor in 
higher total factor productivity in these farms. 

In this study, the highest TFP value (4.41) compared with the mean is 

achieved by polyculture systems of seaweed, milkfish and shrimp (G+M+S). As 

the interspatial TFP estimation works with logarithms, its exponentiation gives 

results in percentages as compared to the reference, which in this case is the 

mean of the 55 farms and represents the productivity differences. For example, 

a TFP index of 1.28 for the polyculture of milkfish and shrimp means that 
this system can achieve upto 28% more than the average revenue (output 

times the income share) of the 55 farms, for this particular combination of 
species and the inputs (quantity times input share) required in its culture. 

Hence, TFP variations reflect productivity differences with respect to the 

mean, for each particular farm. 

a:s 

Fig. 1. Histogram of TFP (Tornqvist) Indexes for the 55 farms. 
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Fig. 2. Input cost shares for the polycultures with significant higher TFP indexes. (Polycultures: 
C+M: crab and milkfish; G+M+S+C: seaweed, milk.fish, shrimp and crab; G+M+S: seaweed, 
milkfish and shrimp; G+M: seaweed and milkf1Sh). 
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Fig. 3. Revenue shares of the different species for the polycultures with significant higher TFP 
indexes. (Polycultures: C+M: crab and milkf1Sh; G+M+S+C: seaweed, milkfish, shrimp and crab; 
G+M+S: seaweed, milkfish and shrimp; G+M: seaweed and milkfish). 

TFP. Figure 3 indicates that seaweed was the major contributor to production 

revenue in all polyculture systems when utilized as one of the cultured species. 

Seaweed provides for the fuller utilization of the culture pond and utilizes the 

natural production capacity of the pond by filling a trophic level that is not 

utilized by the other species. The management of seaweed culture requires 





233 

spectives. Under monoculture conditions, Posadas (1987) compared the profit
ability of extensive, semi-intensive and intensive shrimp cultures and found all 

three to be profitable under stable market conditions. However, with a 20% 
fluctuation in input costs, market price or both, only the semi-intensive farms 
remained profitable (Csavas, 1988, 1990; Primavera, 1994). Primavera (1991) 
concluded that only semi-intensive culture practices in shrimp aquaculture 

would be sustainable when all three criteria of economics, ecology, and social 
concern were addressed. Konphalindo (1996) reviewed five culture systems 

(silvofisheries or mixed mangrove and aquaculture, traditional, traditional plus, 
semi-intensive, and intensive) and concluded that a single sustainable model 
could not be identified for all locations, since it is highly site specific as well as 
subject to other local conditions that influence a system's sustainability. 

Land for aquaculture in developing countries was frequently treated as an 
unconstrained input factor. The conversion of mangrove forest areas, which in 
the past had been considered to be of "little or no value" by governments, has 
provided a low cost land resource for aquaculture development. Therefore, ex

tensive culture practices and inefficient use of the coastal resource was unim

peded by land availability. However, this has changed in recent years with the 
growing limitation of land resources and the realization of the environmental 
value of mangroves and the broader issues of environmental degradation. This 
shift in policy is characterized by the Indonesian aquaculture dflvelopment ob
jective of obtaining sustainable levels of production by optimizing use of natu
ral resources and the application of appropriate technology within environmen
tally sound practices (Nurdjana, 1997). Extensive systems under certain con
ditions may be the most appropriate system and will continue to play a major 
role in the overall Indonesian aquaculture industry due to limitation of vari

ous input resources including seedstock, capital and skilled manpower. There
fore, efforts to better utilize current aquaculture ponds within realistic limita

tions should be a consideration in fisheries policy development and implemen
tation. The method put forth in this study of TFP analysis is a means of con
tributing to the identification of practices for increasing the output efficiency 
of aquaculture ponds within the constraints of the input and operational sys

tem as part of a broader integrated sustainable coastal resource management 
program. 

Research on optimization of both extensive and semi-intensive pond cul
ture under polyculture systems should focus on optimizing production within 

limiting system constraints. Researches that aim to identify low cost local in

puts that can substitute for some of the major inputs (e.g., feed, fertilizer) 

should be examined. The objective should be to develop an efficient culture 
system utilizing readily available lower cost local inputs and optimize output 

under the given conditions within appropriate technology levels. This would 

also be limited by skill level, sustainability of the system, and compliance with 
"codes of practice" and "best management practices". 

The implication of TFP analysis is that it can play an important role in 

the refinement of culture systems and in the design of a sustainable aquacul

ture industry. TFP analysis can also contribute to the process of developing 

appropriate policies based on applied analytical results. 






