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Abstract

Giant clams (Tridacnidae) offer small holders (village farmers) throughout the Indo-

Pacific good prospects for commercial culture to satisfy their increasing dependence

on the cash economy. Giant-clam farming is e merging as a village-based export

industry in Solomon Islands as a result of an extensive program of trials run by the

International Center for Living Aquatic Resources Management (ICLARM) and

funded by the Australian Centre for International kgricultural Research (ACIAR) and

other donors. ICLARM believes that funding should continue until a thorough

assessment of the economic viability of the emerging industry is complete or until the

industry is fully commercialised. As a precursor to future funding, however, there is

significant need for a comprehensive economic evaluation of research and

development activities. This thesis goes some wa) to achieving this goal.

In this thesis, a conceptual model of the evaluation problem is developed, with

emphasis on the potential supply of cultured giant clams from a village farm. A

bioeconomic model is designed, calibrated and implemented. The biophysical

submodel describes the average growth of an individual giant clam and survival

within the population. The biophysical submodel is used by the economic submodel,

which describes the costs and revenues asscciated with farming a giant-clam

population from planting through to harvest, to estimate profitability of the farming

system.

The bioeconomic model is a general model that could be implemented for several

commercial giant-clam species at different loc ations throughout the Indo-Pacific,

although only two species farmed in Solomon Islands are considered here. These

species are Tridacna crocea, the preferred species for the aquarium market, and T.

derasa, the species that appears to have the best i■otential for the seafood market.

The bioeconomic model is used in a norn native analysis to explore optimal

management strategies for village farmers producing giant clams for the aquarium and

seafood markets. The normative study provides a benchmark against which current

practices can be evaluated. The potential supply of giant clams from Solomon Islands

is then estimated under optimal management c mditions and assumptions regarding
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adoption rates. The bioeconomic model is also used to investigate the possible

externalities imposed by forestry, through sedimentation, on optimal management of

the farming operation. Although this part of the study was constrained by limited

scientific information about the effect of sediment!,, it provides an example of how the

model can be applied.

The key finding of the normative analysis indicates maximum profit is obtained when

labour usage is most intensive. For both species, optimal management involves very

good husbandry. For aquarium clams, the cycle- ength is very short and thinning is

not undertaken. For seafood clams, the cycle-length is longer and thinning is required

due to crowding as the clams grow. In general, 'hese results are consistent with the

extension advice provided to village farmers by ICLARM. However, the scale of the

giant-clam operation may be constrained by labour availability. Labour and cycle-

length are substitute inputs in production so village farmers not interested in

maximising profit can use less labour and a long:r cycle-length, and have more time

available for other activities.

Conservative estimates of the adoption of giant-clam farming suggest potential supply

from Solomon Islands for the aquarium market is unrealistically high and may need to

be curtailed by contracts limiting the number of aquarium farmers or their level of

production. Although farming for the aquarium market is more profitable, large-scale

adoption will depend on development of the seafood market.

Simulation modelling of the sediment problem, hereby turbidity imposes an external

cost on village farmers in the form of lost profit 3, while nutrient deposition provides

an external benefit in the form of gained profit! , , is undertaken to illustrate how the

model can be used to study externalities. Sedimentation that increases nutrient

deposition is likely to also increase turbidity, and the benefit of the former may be

outweighed by the cost of the later.

The results of these applications are dependent on given parameters and model

assumptions, some of which are based on limited data. Further research that improves

parameter estimation will enhance the preclicti ,re ability of the bioeconomic model

developed here.

iv



Table of Contents

1.INTRODUCTION 	 1
1.1. BACKGROUND TO THE DEVELOPMENT OF COMMERCIAL GIANT-CLAM

FARMING 	  1
1.2. STATUS OF THE INDUSTRY 	 4
1.3. THE NEED FOR EVALUATION 	 6
1.4. AIMS AND OBJECTIVES OF THE RESEARCH 	 8
1.5. THESIS OUTLINE 	 8

2.OVERVIEW OF GIANT CLAMS AND THEIR COMMERCIAL CULTURE 	 11
2.1. BIOLOGY OF GIANT CLAMS 	 	  11
2.2. CULTURE TECHNIQUES 	 12

2.2.1. Hatchery phase 	  	  12
2.2.2. Land-based nursery phase 	 	 	  13
2.2.3. Ocean-nursery phase 	  13
2.2.4. Grow-out phase 	  13

2.3. MARKETS 	 14
2.3.1. Aquarium specimens 	  14
2.3.2. Seafood 	  15
2.3.3. Shells 	  15

3.GIANT -CLAM MARICULTURE IN SOLOMON ISLANDS 	 17
3.1. SOLOMON ISLANDS 	 17

3.1.1. Geography 	  17
3.1.2. Climate 	  18
3.1.3. Population 	  18
3.1.4. Economic activity 	  19
3.1.5. Social structure 	  20
3.1.6. The role of giant clams 	  	 20

3.2. BRIEF HISTORY OF ICLARM'S GIANT-CLAM RESEARCH AND DEVELOPMENT
ACTIVITIES 	  	 21

3.3. ICLARM'S VILLAGE-FARMING TRIALS 	 24
3.4. VILLAGE FARMING 	 26

:3.4.1. Farming activities 	  26

4.CONCEPTUAL MODEL 	 30
4.1. MODEL DESCRIPTION 	 30
4.2. APPLICATION OF THE MODEL: RESEARCH AND POLICY EVALUATION 	 32

4.2.1. Potential supply 	  33
4.2.2. Actual supply 	 	  33
4.2.3. Demand 	 34

4.3. MODELLING APPROACH 	 35
4.4. SUMMARY 	 37

5.MATHEMATICAL MODEL 	 	 38
5.1. THEORETICAL BASIS 	 38
5.2. BIOECONOMIC MODEL 	 40

5.2.1. Economic Model 	 	 41
5.2.2. Biophysical Model 	 43

5.2.2.1. Growth Model 	 43
5.2.2.2. Survival Model 	 50
5.2.2.3. Environmental Cycles 	  51



6. DATA AND ASSUMPTIONS 	  	 55
6.1. SPECIES FARMED 	 	 	 55
6.2. ECONOMIC DATA 	 55

6.2.1. Clam Seed 	 56
6.2.2. Labour 	 58
6.2.3. Capital 	  63
6.2.4. Marketing Services 	  66
6.2.5. Marketable Clams 	 68

6.3. 13IOLOGICAL DATA 	 70
6.3.1. Village-farming trials 	  72
6.3.2. Growth 	 73
6.3.3. Survival 	  74
6.3.4. Culture Environment 	 76

6.4. SUMMARY 	 78

7. BIOPHYSICAL SIMULATION AND SENSITIVITY ANALYSIS 	 80
7.1. MODEL CALIBRATION 	 80
7.2. MODEL VALIDATION 	 84
7.3. SENSITIVITY ANALYSIS 	 84

7.3.1. Base Case 	 86
7.3.2. Biological Parameters 	 87
7.3.3. Environmental Parameters 	 92

7.4. DECISION VARIABLES 	 94
7.5. ISOQUANT ANALYSIS 	 97

8. OPTIMAL MANAGEMENT 	 	 100
8.1. MODEL IMPLEMENTATION 	 100
8.2. SINGLE-CYCLE OPTIMISATION 	  101
8.3. MULTIPLE-CYCLE OPTIMISATION 	  106
8.4. INPUT SUBSTITUTION 	 	  113
8.5. GLOBAL OPTIMISATION AND SENSITIVITY ANALYSIS 	  114
8.6. HYPOTHETICAL ADOPTION STUDY 	  	  115
8.7. SUM MARY 	 	 	  117

9. MODEL APPLICATION TO AN EXTERNALITY 	 119
9.1. BACKGROUND TO THE SEDIMENT PROBLEM 	 119
9.2. THE SEDIMENT PROBLEM 	  	  121
9.3. MODEL IMPLEMENTATION 	 123
9.4. OPTIMAL MANAGEMENT 	  	  124
9.5. VALUE OF EXTERNALITIES 	  130
9.6. SUMMARY 	 133

10.CONCLUSION 	 135
10.1. SUMMARY 	 	  135
10.2. MAJOR RESEARCH NEEDS 	 139

10.2.1. Biophysical model 	  140
10.2.2. Economic model 	  	  141

REFERENCES 	  	 143

vi



List of Tables  

Table 6.1. Prices for clam seed produced by ICLAR A 	 56
Table 6.2. Labour input for giant-clam production 	 60
Table 6.3. 	 Estimated net return to labour for copra production from a village

plantation 	 62
Table 6.4. Cost of cages and trestles 	 66
Table 6.5. Prices for marketable aquarium clams received by village farmers 	 68
Table 6.6. Locations of ICLARM's village-farming trial sites 	 72
Table 6.7. Growth data for a T. crocea cage farmed it Trial site 3 	 73
Table 6.8. Growth data for a T. derasa cage farmed it Trial site 4 	 	 74
Table 6.9. Survival data for a T crocea cage farmed at Trial site 3 	 75
Table 6.10. Survival data for a T. derasa cage farmed at Trial site 4 	  76
Table 6.11 Environmental and husbandry data for a crocea cage farmed at Trial

site 3, at a depth of 2.68 m 	 77
Table 6.12. Environmental and husbandry data for a derasa cage farmed at Trial

site 4, at a depth of 0.85 m 	 	 78
Table 6.13. Parameter and variable values used in ba;e-model runs 	 79
Table 7.1. Growth model parameters 	 82
Table 7.2. Sensitivity of predicted tissue dry weight (TDW) of T. crocea after 5-years

growth to changes in biological parameters 	 88
Table 7.3. Sensitivity of predicted tissue dry weight (TDW) of T. derasa after 5-years

growth to changes in biological paramea rs 	  	 89
Table 7.4. 	 Sensitivity of predicted tissue dry weight (TDW) of T. crocea after 5-years

growth to changes in environmental parameters 	 92
Table 7.5. 	 Sensitivity of predicted tissue dry weight (TDW) of T. derasa after 5-years

growth to changes in environmental parameters 	 94
Table 7.6. Predicted tissue dry weight (TDW, g) of T. crocea after 5-years growth 	 95
Table 7.7. Predicted tissue dry weight (TDW, g) of T. derasa after 5-years growth 	 95

Table 8.1. 	 Optimal cycle-length (T * , years) for the single-cycle case for both
species, with zero mortality 	  104

Table 8.2. 	 Optimal cycle-length ( T * , years) for the single-cycle case for both
species, with positive mortality 	  105

Table 8.3. 	 Optimal results for the multiple-cycle ca se for both species, with zero
mortality 	  	 108

Table 8.4. 	 Optimal results for the multiple-cycle ca se for both species, with positive
mortality 	  110

Table 9.1. 	 Optimal results for T. crocea, under different environmental conditions,
with zero mortality 	 	 125

Table 9.2. 	 Optimal results for T. derasa, under diff:rent environmental conditions,
with zero mortality 	 126

Table 9.3. 	 Optimal results for T. crocea, under different environmental conditions,
with positive mortality 	  128

Table 9.4.	 Optimal results for T. derasa, under different environmental conditions,
with positive mortality 	 	 	 129

Table 9.5. The marginal cost of the turbidity externality for both species for the
zero- and positive-mortality cases 	 	 132

Table 9.6. 	 The marginal benefit of the nutrient externality for both species for the
zero- and positive-mortality cases 	 133

vii



List of Figures

Figure 4.1. Conceptual model for the development of commercial giant-clam farming 	 3 I
Figure 4.2.
Figure 4.3.
Figure 6.1.
Figure 6.2.
Figure 6.3.
Figure 7.1. Observed (*) and predicted tissue dry wei . ;ht (TDW) of T. crocea farmed at a

selection of ICLARM trial sites 	 85
Figure 7.2. Observed (*) and predicted tissue dry weight (TDW) of T. derasa farmed at a

selection of ICLARM trial sites 	 85
Figure 7.3. Predicted tissue dry weight (TDW) and shell length (SL) for the base case

for both species 	 	 87
Figure 7.4. Sensitivity of predicted tissue dry weight (TDW) of T crocea after 5-years

growth to changes in biological parameters 	 90
Figure 7.5. Sensitivity of predicted tissue dry weight (TDW) of T derasa after 5-years

growth to changes in biological parameters 	 91
Figure 7.6. Sensitivity of predicted tissue dry weight (TDW) of T crocea after 5-years

growth to changes in environmental parameters 	 93
Figure 7.7. Sensitivity of predicted tissue dry weight (TDW) of T. derasa after 5-years

growth to changes in environmental parameters 	 93
Figure 7.8. Predicted tissue dry weight (TDW) of T. ,:rocea after 5-years growth 	 96
Figure 7.9. Predicted tissue dry weight (TDW) of T. iierasa after 5-years growth 	 96
Figure 7.10. Substitutability between labour and time. and between the decision

variables and time, for T. crocea 	 98
Figure 7.11. Substitutability between labour and time and between the decision

variables and time, for T. derasa 	 99
Figure 8.1. (A) Present value of profits (g) and (B) present value of revenues (R) and

costs (C) for T. crocea for the single-cycle case with zero mortality 	  102
Figure 8.2. (A) Present value of profits ( g) and (B) present value of revenues (R) and

costs (C) for T derasa for the single-cycle case with zero mortality 	  103
Figure 8.3. Present value of profits (n) for the base c. ase (solid line) and for poor

husbandry (dotted line) for T. crocea for multiple cycles 	  106
Figure 8.4. Present value of profits (n) for the base c. ase (solid line) and for poor

husbandry (dotted line) for T. derasa for multiple cycles 	  107

Figure 8.5. Optimal cycle-length ( T * ) for the multiple-cycle case (solid line) and for
the single-cycle case (dotted line) for both species, for 26-weekly thinning
with zero mortality 	  112

Figure 8.6. Substitutability between optimal labour tsage ( L* ) and optimal

cycle-length ( T * ) for both species, for 52-weekly thinning with zero
mortality 	  113

Figure 8.7. Potential industry supply pattern for bot .1 species 	  116
Figure 9.1. The big picture 	 120
Figure 9.2. The sediment problem 	 	 	 122

Figure 9.3. Maximum profit ( 7r * ) for both species., under different environmental
conditions, with zero mortality 	  127

Figure 9.4. Optimal cycle-length (T * ) for both species, under different environmental
conditions, with zero mortality 	  130

Bioeconomic model for the potential supply from a village farm 	 32
Logistic function describing possible technology adoption 	 34
Step-price functions for clam seed for both species 	 57
Price functions for marketable clams for both species 	 70
Map of ICLARM's village-farming trial :-ites 	 71

viii


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9



