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Abstract

Since the 1980s significant research efforts have been directed into developing methods
for the mariculture of giant clams in the tropical Indo-Pacific. In #+*v the motivation
for this research was (o develop mariculture techniques to resto.. s where giant
clamg had become extincet, thereby providing coastal communities with giant clam
stocks sufficient to satisfy their subsistence needs. However, the interest in and
prospects for commercial giant clam mariculture were greater than for subsistence
mariculture, Hence, the ultimate goal of this research, which continues to date, became
to develop commercially viable giant clam mariculture industries for coastal
communities. Tn this paper, a model ontlining the development of such mariculture is
presented. The mode] includes both demand and supply aspects of commercial giant
clam mariculture, with particular emphasis on the Jatter, within a framework that
incorporates refevant biological, sociologieal and economic information, The potentis!
supply of giant clams of different sizes and ages is estimited through a biceconomic
model, which also permits the sinulation of alternative market and environmental
conditions. The study of factors alfecting the rate of adoption by coastal cornmunities,
which will ultimately determine the actual supply, is a subject for future research. The
model can be used to study the benefits of alternative research and exlension programs,
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Introduction

Giant clams are marine bivalve molluses native to the tropical and subtropical reefs of
the Indo-Pacific region, throughout which they have been harvested for both
subsistence and commercial purposes by coustal communities and other fishers,
Traditionally, they were harvested for their flesh for human food consumption, and their
shells for ornamental and utilitarian uses, but more iccently, they have also been
harvested for trade as aquarium specimens (Tisdell and Menz 1992),

Due principally to unsustainable exploitation of the capture fishery, many giant clam :
populations became extinet, This resulted in their being listed under the Convention on
International Trade in Endangered Species (CITES) in 1983, prohibiting international



trade between its smmloncs in gumt clam produets obtained from wxld stocks (Tisdell
et al 1994),

Giant clam mar u,ulture technology has subsequently been dcvcloped deked by
intensive field and laboratory research, funded by mgamsauons such as the Auslmh.m
Centre for International Agricultural Research, International Center for Living Aquatic
Resources Management, and Micronesian Mariculture Demonstration Centre (Tisdell
and Menz 1992). - Although the original intent of this research was (o repopulate reefs
where giant clams had become extinet, the mariculture technology appears to offer
attractive commercial possibilities (Tisdell et al 1994), Commercial mariculture has
not. however, been well adopted by potential village farmers.

By the time technology for the mariculture of giant clams was well developed, markets
reliant on the giant clum capture fishery had substantially collupsed due to the
increasing depletion of wild stocks and the gmwing impact of the CITES ban.
Commercial trade in maricultured giant clams has, therefore, required new markets to
be developed, which hay been the ease for seedstock and broodstock, and attenoated
markets, that existed for food, shells and aquarium specimens, to be re-established
(Tisdell 1994),

In this paper, the biology and maricultuse of giant clums is outlined, a conceptual model
ilustrating the development of commercial giant ¢lam mariculture is described, and a
simple bioeconomic model of the potential commercial supply of maricultured giant
clams is dvveloped. Possible applications of, and extensions to the model are discussed.

Biclogy and mariculture of giant clams

Four main phases may be distinguished in the mariculture of giant clams, namely the
hatchery phase, land-based nursery ‘phﬂs& ocean-nursery phase and grow-out phase
(Crawford et al 1988). 1t is these last two ocean phases that are the focus of this paper,
in which small juvenile clams, called sced clams, are obtained by coastal village
farmers and grown out in the field. Initially, they are placed in protective containers, on
the ocean floor, or suspended near the water surface from floats. Once they are jarge
enough to be virtually free from predatjon, they are placed directly on the ocean floor in
unprotected conditions. Grow out may take several years (!epef}ﬂii)g on the species
seing cultured and the markets being targeted,

The grow out of giant clams differs from that of other bivalves, such as oysters,
scallops, aind mussels, in that they can only be grown in two-dirensional systems rather



than in multiple layers ihfoughcut the water column (Crawford et al 198%). This is
because giant clams are almost exclusively reliant for their nutrition on the products of
photosynthesis of symbiotic dinoflagellate algae, called zooxanthellae, that reside
within their mantle tissue, Giant clams may also augment their nutrition through filiex
feedh =, mainly of particulafe organic mattet. but also of plankton and dissolved organic
and inorganic matter, from seawater flowing through their gills (Klumpp et al 1992).

The nutrition of giant clams iuzxy be deseribed by Figure 1, in which it is iflustrated that
through photosynthesis from available hght, and [ilier feeding of water containing
particulate organic matter, giant clams obtain energy in the form of organic carbon for
respiration (ie. maintenance or basal metabolism) and growth. These modes of nutrition
are also influenced by other enviranmental factors, such as temperature, emersion,
uzpth and turbidity (Lucas et al 1989),
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Conceptual Framework

Commercial giant elam mariculture for coastal communities in the Indo-Fagific region,
may be illustrated vsing the conceptual model outlined in Figure 2, The model includes:
both demand and suppiy aspects of commercial giant clam mariculture, within a
sramework that ingorporates relevant biological, environmental, technical, sociological,
and economic information. Central to the model is the potential supply of maricultured
giant clams. The actual market supply will, however, depend on the rate of adoption of
the mariculture technology by potential village farmers, and the establishment of stable
markets, as well as the rate at which supply is redirected into other uses, such as
restocking reels and satisfying suhsistence needs.
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Bioeconomic Model

In this paper, the major focus is on the potential supply of giant clams that results from
the existing mariculire technology and management strategies adopted by village
tarmers. Given that giant clams wre self feeders, village farmers have no direct control
over the food supply of maricultured ciams. Hence, the farmier's decision problem is to
determine the optimal timing for stocking and harvesting, as well as the optimal
stocking rate. Since the arm can be harvested as well as stocked continuously, the
model can contain, at any time, giant cliams of a wide range of ages, In the model, only
one market for giant clam products is considered.

From the individual farmer's perspective, the decision problem ean be expressed in an
optrmal control framework, as follows. .
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n 18 the net present value of cumulative profit

R IS revenue

C I8 enst |

r is the discount rate

I is time

7 iv the termmal time, or end of me planning mnmd

w is weight of an individual gant clam

' 15 the age classes L2300 4

h is the number harvested

r is price

L is labour

K 18 capital

' is seed clams

B is biomass, which is given by B= 3 _«A Wi
121
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POM s particulate organie matter
M is mortality

The equation of motion for weight tie. equation (41 ean be represented by a bmlngmal '
maodel tha, accounts for photosynthesis, filter feeding, and respiratiog. s foltows:
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wheve:

P.  isphotosynthesis

F, s filter feeding

R, i respiration

%TR is percentage translocation from zooxanthellae to the clam

Puax 15 the photosynthesis of zooxanthellae at the level of satutating irradiance



I, is the irradiance at which the m;tml slope of the n}mtosynthcaxwrmdnmce, curve:
for zooxanthellac interseets P, i

GAE s the clam's absorption efficiency for particulate organic matter

According to the biolagical model, the clam receives energy from photosynthesis and
filter feeding, and expends energy through respiration. All excess energy is available
for growth, The influence of irradiunce and particalate organic matter on growth is
explicit in the model, while the influence of other environmental factors, such as
temperature, emersion, depth and turbidity, is captured through their effect on the

model's parameters (%7TR, Py Jg %AE, o, By v, 8, €,and ),

Energy received from photosynthesis (equation (12)), is the product of three terms

deseribing the translocation of photosynthetic energy from the zooxanthellae to the

clam, the photosynthesis of the zooxanthellae per‘ unit of Chlorophyll a, and the

Chiorophyll « content per clam (Fisher, Fitt and Trench 1985). Energy received from

filter feeding (equation (13)), is deseried by the product of the clearance rate, or the
volume of water cleared by the clam, the particulate orgacic matter concentration of the

water, and the etficiency with which the clam absorbs particulate arganic matter from
the water (Klumpp et al 19921 Energy expended through fespiration (equation (140 is
simply deseribed hy a power function dependent on the we of the clam (Klumpp et al

1992y,

Parameter Estimation

An extensive database has been compiled on biological research of giant clams, from
which biological and environmental dam has been colleeted. This data is being used 10
estimate parnmeter values for %TR, Pyay, Iy AE, o, B, v, 8, £, and £, and how
they vary with clam species and environmental conditions.

Application

Solving the model will permit estimation of the potential supply of maricultured giant
clams of different ages and weights, and the profitability of their production, under
alternative market and environmental conditions, Hence, the model can be used to
evaluate the benefits of alternative research and extension programs.

For example, biological research, which impacts on the parameters of the biological
model, can he evaluated through its effect on growth; as cant extension programs which
lead to the mariculture of giant clams in different hubitats, and for which differsat



magnitudes of the biological parameters are nppmpr’i;\wg Extension that results in more
cost-clfective management practices can, similarly, be evaluated ¢hirough its impacton
costs, while muarketing policies, sueh as pricing, advertising and sales promotion, can be
evaluated through thesr effect on prices.

Madel results, identifying those aspeets of production to which profitability of the
village farm is most sexsitive, can then be used in the setting of research priorities and
the allocation of research funding, '

Another possible use of the model is in the evaluation of Josses (o the village farm due
to externahties caused by third party activities, suel as reereational use of reef areas,
fishing and forestry, which cause water turbidity, thereby reduemng light available for
photosynthesis, '

Model Extensions

In the model preserted above, it is assumed that there is anly one market Tor giant ¢lam
products. The inclusion of additional markets represents a significant extension, The
madel ts currently deterministic, in which the inchision of additional markets will
amply result in giant clams being allocated 1o the most profitable market, To capture
the allocation of giant clams among more than one market will, therefore, requite the
model to be made stochastic in some way, or for risk to be included. This could be
achieved through the inclusion of stochastic environmental conditions which would
tmpact on the growth of giant clams through the ps ameters of the biolagﬁcal model.
Price appreciation due to growth could also be cixpmred by using quadratic prices
(where price is a function of weight) to deseribe the prices in cach market, and by
constraining the harvest weight for ench market,

In the model, it is also assumed that giant clams grow unilormly so that with cach age
increment they grow on to the next age class, unless they are harvested or die,
However, there is marked variability in the growth rate of individual ciams (Pearson
and Munro 1991), Henee, it may be more realistic to use a Markoy model in which the
stock is differentiated by weight class, and a probability is associated with clams
growing on to further weight classes (Leung and Shang 1989).

The model deseribed here could eventually be extended to study problems such as, the
(i) assessment of the environmental costs of giant clam mariculture, due to, for
example, unfavourablz visual impacts and adverse effects on other species (Tisdell



1991); and (it} assessment of the conservation benefits of giant clam maticulture, the
value of which will be at least equal to the market value,

Another avenue of research is the study of factors affecting the rate of adoption of giant
clam mariculture by potentinl village farmers, which may eventually lead to including
social factors in the model,

Conclusions

The bioeconamic model presented in this paper, represents the first known attempt to
formally integrate the considerable body of knowledge that has secumulated over 15
years of research at the laternational Center for Living Aquatic Resources Management,
Micronesian Mariculture Dem wnstration Centre, and ¢lsewhere. The opportunity cxists
for the model to contribute s 2nificantly in its application to many interesting issues in
the ongoing development o: commercial giant clam mariculture,
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