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PROJECT SUMMARY
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L Background and Justification

" A. Status of the Industry: The blood cockle (Anadara grancsa) is of considerable

importance to Malaysia, the world's largest producer of this cockle species,
Cockle production by wolume of 69,000 tons in 1981 represented over 80% of the
country's total agquaculture production that year. Production has varied from year
to year, however, (Table 1). From only 6,000 tons in 1957, production reached a
peak of 121,000 tons in 1980 but has declined since then. At currently prevailing
prices, (Ringgit 0.35/kg), the landed value of cockles (in-shell) exceeds 15 million
Ringgit (appraximately US$6.5 million) annually.

Production areas are concentrated on the extensive mud flats of West Coast
of Peninsular Malaysia in the States of Perak, Penang, and Selangar. Official
estimates of production area are appraximately 3,000 hectares but it is generally
acknowledged that the actual area may be 3 - 5 times as large due to significant
culture areas being unregistered. Culture of cockles is carried out by individual
farmers, fishing community associations, (PN) ar the Fisheries Development
Authority Malaysia, Lembaga Kemajuan kan Malaysia (LKIM). Al culturists,
inclnding LKIM, are required by federal law to obtain a Temporary Occupation
License (TOL) which is usually valid for one year. The annual TOL fee ranges
from 30 Ringgit per acre (US$28/ha) in Penang to 100 Ringgit per acre (US$95/ha)
in Perak. License fees are set by state goverm;tents which also retain the license
income. There is currently no legal limit to the size of farm which can licensed.

This s.lbsbantalaquaculmreindustryls dependent far its seed stock upon
natural spatfalls that occur along the Western coastline of Peninsular Malaysia

usually during the months of November to February. Spatfall is extremely variable



Table 1. Annual production of cockle in Malaysia, 1957 to 1983.

Annual production (tons)

1957 6,666
1972 29,348
1975 29,000
1978 55,598
1979 63,412
1980 121,000
1981 69,000
1982 49,500
1983 38,500

Source: Ibu Pejabat Perikanan (Department of Fisheries Kuala Lumpur)

Table 2. Annual seed cockle callecton, in thousands of tins, 1979-1982 (one tin

equals 15-18 kg).

State 1979 1980 1981 1982

Perak 49 15 55 53

Selangor 19 184 167 4%

Pulau Pinang "-none _84 none none
68 283 222 97

Source: Ibu Pejabat Perikanan (Department of Fisheries) Kuala Lumpur



_ from year to year (Table 2) and there is a high degree of unpredictahility as to
where spat will settle in large quantities. While some coastal areas, especially in
Sdargot,ecpaiencespatfa]levayyear,aherareasmpaakarﬂPmangrecdve
spatfalls only intermittently.

After spatfall has been recarded in a particular locale, the Department of
Fisheries (DOF) is notified and a short oollecting period of appraximately one
week is authorized to take place a few months later when the seed cockles are
presumed to have reached an appraximate length of 6.4 mm. Fishermen from
nearby fishing communities callect seed cockles in large quantities (and earn
considerable windfall income in the process) and sell them to buyers who transpart
them to the culture areas. Here, they are spread over the nursery areas of cockle
farms at varying densities depending upon seed size, A few months later they are
thinned and transplanted at reduced densities to the rest of the farm. Harvest can
begin as soon as 6-7 months after initial stocking, but somewhat longer (10-18
mos.) is required in most locations for cockles to reach the minimum allowahle
size for marketing of 31.8 mm.

Markets for the final product in fresh form include domestic markets and
export markets in Thailand and Singapore. In addition, some very small quantities
of fresh cockles have been sent by cockle whalesalers to Sabah, Sarawak,
Australia and Hongkong for trial marketing. A small quantity is processed (canned)
and sold locally ar exparted to Europe and elsewhere. The exact breakdown aof
market outlets is not known, however, nor has the potential for expanded
domestic and export markets been determined.

B. Government Palicy and Programs: Current govemment activities and

regulations that effect the ocockle industry include those related to natural areas,
seed callection, cockle production and marketing.



In general these activities and regulations are designed to ensure continued
supply of seed for culture purposes and to encourage the participation of coastal
fishermen in the cockle industry. The major specific activities and regulations are
as faollows:

1. With respect to natural cockle beds and seed collection:

- closed season for seed collection (ocation specific)
- licenses required for seed callectors
- minimum size for seed callection of 6.4 mm
- no culture of cockle in natural spatfall areas.
2. With respect to cockle production:

- licenses (TOL) required for the area under culture
~ culture limited to members of fishermen associations (PN)
- no culture in natural cockle bed areas

3. With respect to seed and cockle marketing:

- export of seed is contralled by issue of permits
- minimum market size for cockle of 31.8mm.

The quiding legislation for the cockle industry is the Fisheries (Cockle
Conservation and Culture) Regulations 1964 as ammended in 1982. Although
enfarcement of these requlations was not strong initially, the DOF has taken mare
effective steps recently in the interest of oonservation. Enfarcement of the
minimum size regulation, for example, has resulted in arrests and confiscation of
lorries transporting undersized cockles. Nevertheless, a large poartion of the
culture areas remain unlicensed and cockle seed are alleged to be smuggled to
Thailand. Due to recent declines in cockle production, the DOF views the need for
ocockle conservation and management with considerable urgency and is determined
to strengthen the scientific base necessary for mare informed decision-making.



LKIM (The Malaysian Fisheries Development Authority) is also invalved in
" the cockle industry. In 1976, LKIM began culturing cockles on a pilot scale basis
with the intention of introducing cockle culture to fishing community associations
(PN) when such associations were able to manage the farms in question. PNs are
under the guidance and direction of LKIM. The LKIM production area began to
expand rapidly by 1980, which explains in part the very high production that year
(121,000 tons) as private entrepreneurs, who expected to be displaced, harvested
all their cockles. In 1981, LKIM was awarded a monopaly for the purchase and
distribution of cockle seed but this was removed in 1983. LKIM currently farms in
excess of 1000 ha; limited progress has been made in turming over LKIM farms to
PNs, though in several areas (especially Penang) PNs now culture cockle areas
formerly cultured by individual entrepreneurs. While privatization of government
enterprises has become national palicy, the rate at which such privatization may
proceed with respect to the LKIM cockle farms is unclear.

While LKIM is prdimarily concerned with uplifting the income levels of
coastal fishermen (through cockle farming in this case) the primary interest cf the
DOF is management of the cockle resources, especially the seed supply. Both
agencies also have an interest in the possibilities far encouraging expansion of
cultured area and production, but for the DOF, management to assure continued
adequate seed supply for the industry is currently of paramount concern. To
develop a cockle resource management plan, a "Committee on the M anagement of
Cockles” has been established within the DOF.

C. Problem Identification: The cockle industry is beset by uncertainty and

incomplete infarmation which makes development of a rational management plan
extremely difficult. While the issues of immediate concern are those related to
cockle resources management (i.e. seed supply and broodstock conservation) and

are thus primarily biological/technical in nature, broader issues regarding industry



management and development also contain economic and institutional dimensions.

For thorough planning of government activities and regulations, a multidisciplinary
perspective is required. The majar constraints to planning and implementation of
management measures include inadequate scientific infarmation on the bialogy of
the cockle and incomplete infarmation on the current status of the industry.

Of the above, the shartage of reliahle scientific information on cockle
bio]ogyisﬂmemcstcdﬁcalina:dertoevalnatetheseedandbroodstock
management 'measures (minimum size of 6.4 mm for seed oollection and 31.8 mm
for ocockle harvesting) that are currently the source of much debate. However,
scientific information alone is insufficient to manage the cockle industry as a
whole and particularly to address the question of potential for further expansion.
Por these, both technical and socio-economic infarmation is required.

1. Binlogical Constraints and Proposed Salutions

Published information on Malaysian cockle binlogy and culture is inadequate
far effective management and development of the industry. Useful studies have
been made on growth, reproductive biclogy and ecalogy (e.g. Pathansali 1966;
Broom 1983) but many impartant questions remain unanswered. Broom (1981) has
reviewed hiclogical information relevant to Malaysian cockle resource management
and is currently reviewing aspects of the biology and culture of all Anadara
species far ICLARM.

The most serious infarmation gaps concern seed resources. Spatfall is
seasonal and.recurs fairly reqularly every year in some areas, but is sparadic or
very rare in cthers. Some areas with massive culture beds are said to have never
experienced any spatfall. Any area which has experienced spatfall is designated a
natural bed and is excluded from culture operations under current regulations. In
no case, however, has it been possible to determine the location of the spawning

population (broodstock) responsible for a given spatfall, since cockle larvae are



planktonic and are distributed by water movements for an unknown period. We do
not know which broodstocks among natural and transplanted (cultured) populations
are the impartant sources of spatfall.

To remedy this, the histary and location of spatfalls will be documented as
fully as possible and oonsidered in relation to the location and size of
contemparary culture areas and prevailing water movements. Mature oockle
populations on natural and culture beds will be examined to determine the
propartions of spawners. In addition, cockles will be induced to spawn in the
laboratory and the larvae reared through to settlement under different
environmental conditions, to determine the duration of the planktonic phase.

The wark will facilitate in-depth studies on the early growth and survival of
seed cockles which will give useful information on how to requlate natural seed
oallection. Under present regulations, seed cockles less than 6.4 mm total shell
length cannot be ocollected, but culturists seem to prefer to purchase much smaller
seed and to sow them very densely. Seed production on a labaratory scale will
enable researchers to investigate this issue and should lead to recommendations
for optimizing utilization of the natural resource. Researchers at present find it
difficult to gain early access to natural spatfalls remote from their laboratory.

This wark cannot be expected to answer all the outstanding questions on
ocockle spawning and spatfall but it will provide vital information for development
and management planning, including an appraisal of the likelihood of success of
so—called 'reseeding' operations. Reseeding is the transplantation of mature and/cr
seed cockles to conservation areas to form broodstocks which are left unharvested
in the hope that they will produce local spatfalls. Reseeding is a high cost, high
nsk actvity with little histary of success. ICLARM is involved in reseeding
operations in Thailand, where there is a chronic shortage of cockle seed. These



operations are confined to semi-enclosed sea areas: bays with little water
. exchange. Any results from Thailand will be reparted in 198S.

In addition, the proposed studies will indicate soope for recovery of natural
beds which were previously used far seed collection but which have since become
unavailable, through culture ar other activities, ar unproductive for other reasons.

The proposed field and labaratory studies on cockle spawning and cockle
seed will be interactive with age and growth studies. Cockle growth rates and the
sizes at which full sexual maturdty is attained and first spawning occurs are a
matter of controversy at present. Recent enforcement of a ban on harvesting
cockles less than 31.8 mm total shell length (see Appendix) has drawn protests
from farmers that their cockles cannot be grown to this minimum size in a
reasonable culture period. The ban is supposed to ensure that most cockles on the
culture beds get a chance to spawn before being harvested. This is a complex
issue. In most aguacultural operations fish and shellfish are harvested while
immature ar with fully developed gonads but not as 'spent' individuals, in which
condition index is at a minimum. The relevance of the field studies discussed
above is cbvious. Mareover cockle growth appearstobedensity-dependentarﬂ
location-gspecific which makes it difficult to apply general case length-weight and
maturation/spawning relationships in management.

To clarify such issues, wark will be done on the size frequency structure of
natural and cultured populations and a method for ageing bivalve malluscs, by
counting daily/tidal growth rings in the shell, will be tested on cockles for the
first time. If such rings can be readily identified and reliably interpreted it will
enable workems to check the claims of farmers that they are now having to delay
their harvests in comparison with traditional practices.

This wark on age and growth will be linked with detailed dbservations of

culture practices, especially cockle - :nsities after seeding, relaying and growout



since density affects growth and may not be well managed at present. Moreover
mortality from seeding through harvesting appears to be around 60-70% and ways
to reduce this will be investigated.

The results of all this biclogical wark - information gathering, field and
laboratory studies - will help to resoclve the fallowing development -~ and
management - related questions: Has there ever been? Is there now? Or could
there be a seed shartage? What conservation measures are necessary for natural
cockle beds? What regulations are appropriate for culture beds? It is vital that
these questions be resalved quickly.

It should be emphasized that none of the proposed biological wark will lead
to the development of cockle seed production hatcheries. The seed requirements
of the industry are so vast that it is absurd to ocontemplate shore-based
hatcheries. This point is emphasized here since the history of aquaculture has
many instances of labaratory scale successes in larval rearing having seduced
developers into wasting large sums on hatchery development projects only to find
that production could not be scaled up for technical reasons o that the seed
poduced was much too expensive, There are no examples of successful Anadara
hatcheries anywhere in the world, Indeed the vast majority of hbivalve culture
industries rely on natural spatfall, particularly in the tropics. For Malaysian
cockles therefare, management options are limited to seedstock, broodstock and

hahitat conservation, improvements to culture techniques to increase survival and

growth from seeding through harvesting, recovery of previously productive natural

seed production beds and (possibly) reseeding operations to produce additional

spatfall.
2. Economic Constraints and Proposed Salutions:

To address the question of the potential faor renewed growth in the industry

it is cucial to know the cumrent economic viability of the industry, the

e



availability and costs of the added inputs (mudflat area, seeds, labor, and capital)
. necessary to either intensify production on existing areas or expand to new areas,
and the potential of domestic and/or export markets to absoarb the additional
quantities of cockles that might be produced. Infarmation from the industry will
help in evaluating the impact on culture practices and economics of the
seasonality and annual fluctuations of seed supply and prices. Most importantly,
industry infarmation would help in determining why annual cockle production has
been falling for the past three years and what economic and/or institutional
constraints must be overcome for production increases to resume.

While there have been a few university (faculty and student) papers recently
on economic and institutional aspects of the cumrent industry, these are
insufficient for management and planning purposes because they are out of date.
An in-depth industry study is needed to supplement the production and partial
rice data callected by the DOF.

The following infarmation would be required to assess the industry's
economic viability, potential far expansion and possible need for management:

- gpatfall locations and annual seed production;

- seed prices by year and location;

- incomes derived from seed oollection and factors that influence the

intensity and duration of seed callection;

- current area under culture and potential for expansion;

- oosts of -.production and profits eamed by the various private entrepreneur,
LKIM and PN cockle culturists and factors that influence these costs and
profits;

- whaolesale and retail prices of market size cockles by year and location;

- potential for increased efficiencies in cockle production and marketing;
and



- total production, domestic and export market wvalumes, extent of processing

and potential of markets to absorb additional cockle production.

Same of the above information requirements (iL.e. spatfall, culture area and
potential areas far expansion) will be provided by the project biologists. Also, the
project biologists will evaluate the technical efficiencies of varous culture
practices; complementary economic analysis would indicate whether the proposed
technical improvements can be justified cn economic grounds.

The DOF believes that it is important to make progress on the hiological
issues identified earlier befare embarking on any majar economic studies. Their
belief is more than simple setting of priorities within a limited budget; rather the
DOF wishes to be on a stronger scientific footing before addressing economic
issues, some of which are quite sensitive. Therefore, the economic studies
proposed for this projct will consist in their early stages primarily of infarmation
acquisition regarding selected aspects of the cockle industry (i.e. seed production
and prices; harvested cockle production and prices). Upon the request of the DOF,
a re—assessment of the possibility of conducting mare in-depth economic analysis
of the industry will be made in mid-1985. The basis for this re-assessment will
inclnde an evaluation of the hiological wark to that date, progress made towards
resalving the cockle resource management issues (Le., seed supply and broodstock
conservation) and availability of project funding. The initial acquisition of
production and price data will be conducted by the DOF Management and
Licensing Unit.

3. An Appraisal of the Problems: The complexity of the problems facing the

cockle industry and those govermment institutions tasked with its development and

management are apparent from the above discussion.
Consequently, it is important to maintain a realistic perspective regarding

the potential far a set of research activities to answers these management and



. development issues. Within the budget (appraximately US$100,000) and time frame
(18 months) available for the proposed project, definitive answers are probably not
possible, Nevertheless, considerably more will be known at the end of the
18-month period than is currently. The project dbjectives and wark plans outlined
in the next sections reflect this realistic perspective and give first priority to
improving the base of scientific information on the oockle resource and second
priority to callecting up-to-date information on the economic aspects of the
cockle industry.

I. Objectives and Expected Results

A, General

To provide guidelines for the effective management and development of
natural cockle seed resources and their future oonservation to supply an
expanding cockle culture industry. |

To assess the potential for expansion of the cockle culture industry by
improving production efficiency on existing culture beds and by estahlishing
culture beds in new areas.
B. Specific

The proposed biclogical studies will be designed to answer the following
development and management-related questions:
Question | Fxpected Project Resulis
1. Has there ever been? Is there Detailed documentation will be made of

now? a should we plan to expect all spatfall records and their
a oockle seed supply shartage? exploitation, with recommendations for
future management., This will answer the

question.
2. Which cockle populations, natural Detailed comparisons will be made of
and/or cultured are important past spatfalls with contemporary culture



3.

5.

6.

sources of spatfall?

Should culture cperations be
allowed in natural spatfall

areas?

Should a 6.4 mm size limit and/ox

regulations be continued/imposed
on seed callection?

Should culture regulations

be designed to ensure that most

cultured cockles spawn befare

harvesting is allowed?

Is the current 31.8 mm size limit
a reasonable measure to ensure
spawning before harvest?

Is there significant variation in
growth rates (culture periods)

between different culture areas

activities and hydrographic data and
the length of the planktonic larval phase
will be determined. This will not answer
the questions completely but will help to
plan future conservation of resources.
See 1, 2 above; these studies will answer
the queston, at least for areas which
emerge as being of maor a minoar
impartance.

Both the field and laboratory studies
proposed will vyield important new
information on seed biclogy which can
help in desiging new management plans
for this resource.

See 1, 2 above; also the proposed field
studies will include appraisals of current
spawning successes under the 31.8 mm
minimum size regulation. This will help
to answer the question, especially if
comparisons are made with past
harvesting practices and production.

see 5, above.

The proposed field studies on culture
practices and the proposed analyses of
age, growth and length frequency will do



and if so how can requlations
be designed to meet both conser—
vation and production

cbrjectives on a national basis?

8. Can previously productive natural
seed beds be recovered and
conserved to increase seed
supply?

9, Are reseeding programs a realistic

approach to increasing seed supply?

10.Are there suitable unexploited
areas for expansion of the cockle
culture industry?

11.Can production efficiency be
improved from existing culture

areas?

much to answer these questons.
Accurate age determination for cultured
cockles would be a particularly useful
check on farmers' daimed culture
periods.

The proposed field studies will indicate
the possibility of success and the nature

of necessary conservation measures.

The proposed field and labaratory studies
will give an indication of this, but
reseeding is always a high risk venture,
The proposed field studies will answer
this question.

The poposed field studies will enable
the researchers and consultants to make
recommendations for improving survival

and growth by better farm management.

The economics component of this project is designed to answer the following

question:
Question ,
1. Is there a shortage of cockle seed?

Expected Project Results

Historical data on seed prices and prices
of harvested cockles over the past 10
years (collected from a sample of cultu-
nsts) and information on past seed
callecting and distribution methods/



buyers will allow some preliminary
conclusions as to whether alleged seed
shartage is (was) real ar artificial.

If a decision is reached in mid-1985 to expand the economics wark, the

fallowing questions could be addressed:

2. Do prevailing economic conditions
in the cockle industry warrant
further expansion, either in terms
of increased production from
existing area or from new culture

areas?

3. What is the market potential far

expanded cockle production?

Historical and current data on input
costs (seed and lease), production costs
and profits, whalesale and retail prices
of harvested cockles will provide indica-
tHions of the extent to which profits to
seed callectors, producers and middlemen
and resource rents to the licensing
authorities are being earmed. The
presence of significant profits and rents
earmned implies that the industry can
expand production even if lower prices
of harvested cockles result.

Sensitivity analysis will determine
“hreak-even" prices. Socio-economic and
institutional feasibility studies will be
conducted in selected locations where
(and if) cockle expansion is
recommended.

Data on retail [rices, oonsumer
references, altemative product forms
and the extent of the expart market will

help -establish market potential.



&
|
.
.
-a Cd
e,
L
-y See
byl
DS
. s hd
e
B
FF R
CORTN
el
PO
LoaE
24
o
. .W
R
&L
S e Ter
.



4. Are recommended improvements in
culture practices warranted on
economic grounds?

5. Which institutional arrangements
in the industry best enable it to
meet national goals of increased
cockle production and increased
income for the former fishermen
who are now (ar could in future
be) invalved in seed procurement,

cockle culture and marketing?

Costs and benefits of the changes
recommended by project bialogists will
be evaluated.

Analysis of the efficiency of various
groups currently invalved in cockle
farming, the level of income earned by
participating fishermen and the degree of
government support required will help
answer this question.

Question No.l above would be addressed within the budget and first 9 months

of this project. Questions 2-5 would require additional personnel (perhaps

subcontracted with Uriversiti Pertanian Malaysia, for example) and budget if the

DOF decides to proceed with further economic analysis.

III. Work Plan

A. General Considerations

Major emphasis for the bialogical work will be placed on field studies,

backed up by labaratory work on field samples and additional activities. The main

thrust of the wark is to enable the IPP biologists to get a close appraisal of the

industry in the field and thereby make recommendations for its further

development and management based on their field and labaratory research results.

The economic analysis will consist of an initial 9-month information

gathering phase which will focus on production and price data (for both seed and

harvested cockles), possibly to be fallowed by an in-depth industry study.

(NTERNATIONAL CENTER FOR LIVING
C RESOURCES MANAGEMENT
AQUATI )
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The wark plan is given here under separate headings - infarmation
acquisition, field studies, labaratory studies, consultancies, economic analysis and
training - but all these are highly interactive.

B. Information Acquisition

The IPP staff responsible for the project will start by making tharough
literature searches far all published and unpublished information relevant to the
moject and will purchase ar copy this wherever appropriate. This information will
include books, reprints from scientific journals, university theses, reparts,
feasibility studies, sarveys, hydrographic data, maps and ooastal charts. A
complete set of coastal charts for Malaysia should be acquired. This material
should be maintained as a project reference library at IPP in Penang. Copies of
this material should also go to the DOF Management and Licensing Unit in Kuala
Lumpur,

In addition, the IPP librarian and project staff will visit other university and
technical libraries in West Malaysia to determine their holdings for future
reference, They will also determine how best to ensure that adequate information
is acqmred on a continuing basis by consulting with cother libraries or agencies
which have access to machine searchable data bases, abstracts and current
awareness publications, suach as "Current Contents”.

C. Bidlogical Studies
1; Field studies

Field visits' - will be a ocontinuous feature of the project from its inception and
throughout the visits by consultants (see below). The proposed work will require
about two field trips per month each of 4-5 days duration (in addition to the
ongaing IPP prgject in which 6 field project sites are visited once a month;

although there is cbviously scope for combined visits on occasions).



- 20 -

Field visits will utilize the praject vehicle and to some extent DOF boats.
However for much of the work at sea, local boats will be hired since this is
cheaper than using the speedboats which are available and will also lessen the
extent to which the researchers are identified by farmers as warking with the
enforcement agency.

The initial thrust will be to study the areas of natural spatfall. Spatfall
recards will be callated and further interviews made to get as much infarmation
as possible on their timing and location. A majar task here will be an analysis of
how spatfalls and their extent are discovered and how this knowledge is spread.
These studies will also address the question of recovery of natural beds which
meviously experienced spatfalls but which are now unproductive because of
culture activities o other environmental causes. All this information will be
analysed relative to the structure of the cockle culture industry at the time
(areas under culture and their location) and hydrographic data.

The ensuing field studies, where not specific to the needs of consultants,
will be concemed with (1) assessments of areas for expansion; and (2) evaluation
of current culture practices and will be complen‘\entary to an IPP farm study by
questionnaire which is already underway. Visits will be made to known culture
beds and potential new areas to make a general assessment of how much area
exists far new culture trials. Visits will be planned by considering TOL's (of which
complete records will be cbtained from all west coast States with cockle culture
activities), from local knowledge of the extent of culture beyond TOL - leased
areas and by examining relevant coastal survey infarmation. At promising new
sites, samples of mud and benthos will be collected and a rough assessment of
likely salinity fluctuations will be made.

Far evaluating current culture practices, in addition to seeking the

assistance of consultants, the project staff will cbserve and document seeding and



relaying (thinning) and harvesting operations in detail. Standard ecalogical
techniques will be used to determine actual densities achieved after seeding,
relaying and during growout. The most effective way to approach this work is
probably to enlist the help of a few farmers (‘cooperator farmers') who have an
interest in improving their production efficiency and who therefore welcome
frequent visits by researchers. Cockle densities on their beds can then be studied
in detail and compared with a wider survey ('spot checks') on other farms.

In addition to seeding and relaying, the project staff will investigate and
make recommendations for improvements on the following (which are all somewhat
interrelated): 1. sacimity measures - are they effective? 2. are there any ways to
delineate culture beds (such as buoys) and to facilitate position finding on large
beds without posing navigational hazards? are there any serious conflicts of use
on existing ar potential new culture areas and if so, what can be done? can
harvesting methods be made more efficient without mrejudicing any conservation
o management abjectives? The last of these questions oould be extended to a
subpragject on gear development.

Cockle samples will be taken from a few farms representative of the majar
culture areas visited (say, from one cooperator farmer per area) to study
maturation and spawning under culture oonditions. The recommended sample size
is 150 individuals per farm. The sampling protocal i.e. the number and distribution
of sampling stations from which subsamples are poaled to make up the 150 total
will depend on the size and shape of the farm. The main requirements are that
the subsamples be taken from a small number of dredgings which are
representative of the area as a whale and that cockles are taken at random from
the dredge. Laboratary studies on the samples are considered below.

2. Laboratory studies

a) Induced spawning, larval rearing and settlement studies




Mature cockles, hrought from culture beds and kept in tanks and aquarium at
IPP, will be induced to spawn using thermal shock techniques established at IPP
and Universiti Sains Malaysia (USM) by Mr. Ng Fong Oon and Dr. Wong Tatt Meng.
Attempts to rear larvae through settlement have been unsuccessful so far and
total martality has occurred within a few days. The problems of larval survival
will be investigated. The most likely causes of martality are:

(1) Inadequate nutrition - which will be addressed by trying alternative or

additional algal food species such as Pseudaisochrysis.

(2) Unsuitable environmental oonditions including water quality, stocking
density, culture vessel type, turbulence and presence of harmful
arganisms (such as ciliate protozoa), all of which will be investigated.
Once larval rearing through settlement has been accomplished, a model
system (assay) will be set up to investigate settlement behaviour on

different soft substrates under different conditions, particularly varying

salinity.
b) Studies on cockles, other benthos and mud sampled during field visits

A shipment of cockle shell samples will be sent to the Marine Science
Labcrataries, Menai Bridge, Narth Wales, U.K. for preliminary tests on ageing
cockes by daily/tidal growth rings. Once a reliable technique has been established,
the IPP researchers will apply it to their field samples,

Routines for cockle length and weight measurement, identification of other
benthos and particle size frequency analysis of mud samples are all
well-established at IPP. Condition (the amount of flesh relative to the shell size)
can be used to follow cycles of reproduction in hivalves. Several condition indices
(C.L) have been used by previous workers.



Fr CJ measurements in Anadara grancsa the fallowing procedure is

recommended:
1. Take a random sample of 50 cockles from the site under study.
2. Measure their individual length (to 0.1 mm) and total live weight to 0.1g (ar
mare accurately if an accurate top pan balance is available)
3. Open the cockles one at a time and for each determine the shell cavity volume
(S) and the meat valume (M), using small measuring cylinders.
4. Calculate the mean condition index.

CL=M (Baird, 1958)
5. Now determ.ines the meat weight (blotted dry) for 30 individuals and then dry
them in an oven at 80°C for 48 hours and reweigh to determine the dry weight of
the meat.
6. From this data, two other indices should be calculated.

a) CJL Commercial = Wet meat weight y 00
Total live weight

b) % salids = Dry meat weight y 190
Wet meat weight

If there is sufficient time to embark on histalogical examination of gonad
samples, the work should follow the techniques of Broom (1983) and the
developmental stages defined by Ting et al (1972).

3. Consultancies

a) Cockle seed consultancy

a) Cockle seed consultancy

A oonsultant will be hired for about 2 months during the natural
spawning/epatfall season. He will assist IPP researchers in developing an induced
spawning/larval rearing system for studying the aspects of the early life history
of occkles important to seed resowrce management. He will also make field visits
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recovery of natural areas which used to receive spatfall but are now
unproductive. He will also assess the prospects and possihle sites for reseeding
programs, He will prepare a detailed report containing recommendations on seed
resource consrvation and management and on research methods for studying the
early life history of cockles and other Malaysian bivalves,

b) Cockle age and growth consultancy

A consultant from the Marine Sdence Labaratories, Menai Bridge, Narth
Wales will be hired for about 6 weeks to demonstrate bivalve ageing techniques,
using shell palishing and etching to reveal daily/tidal growth rings, to IPP
researchers, He will make field visits to natural beds and culture areas and will
wark with the IPP team on project activities related to cockle growth rates. He
will prepare a detailed repart on cockle age and growth (including method sheets)
and an appraisal of the use of size limits as requlations in the cockle industry,
with recommendations on these and other options. This consultancy should not
take place until all the required equipment for cockle ageing has been purchased
for IPP, Otherwise, it can take place at any time of the year.

D. Economics Studies

While there are no economists on the staff of the IPP in Penang, the DOF
Management and Licensing Unit has several among its small headquarters staff,
inclding Ch'ng Kim Looi and Edwin Savariraj. Their is unit/supported by two (2)
field workers in each State whose primary responsibilities include callection of
statistics.

The pxoject's Economics Studies will be conducted by the Management and
Licensing Unit. The unit currently callects cockle production data; the additional
wark planned under this project will expand the cockle data base to include seed

mroduction and prices and harvested cockle prices. Production and prices will be



monitared on a continuous basis over a 9~month period beginning September, 1984.
In addition, histarical prices (covering at least 1979-1984) for seed and havested
cockle will be cbtained through interviews of cockle farmers using standard recall
techniques. This data odllection will be closely coardinated with the IPP
researchers who will supplement (and provide a wseful crosscheck for) this data
during their regular visits to their field projct sites. At the end of this 9 month
period it should be possible to darify allegations of seed shartage and also to
shed light on why cockle production has been declining since 1980.

In mid-1985, the DOF will consider a possible expansion of this economic
analysis to address the broader moduction economics and industry management
and development questions listed in Section II (Objectives). This industry study
would require extensive field wark and in-depth interviews with a sample of all
categories of participants in the industry, including seed aallectars, buyers,
culturists and labourers, middlemen, (whalesalers, retailers, processars) and
exporters, Local, stateand federal officials enforcing cockle regulations would
also need to be interviewed. The expanded cockle production and price data base
initiated at the beginning of the project would also continue. DOF staff, in
collabaration with IPP researchers could also conduct feasibility studies at
potential cockle sites, if such sites are identified. The feasibility studies would
need to be conducted after the economic data from the industry survey became
availahle.

This expanded scope of work would require additional personnel beyond those
DOF staff invalved initially, For this reason and due to the sensitive income and
earnings data that will be callected during the field wark, it is suggested that
this industry study be conducted in cooperation with the Faculty of Resource
Economics and Agribusiness, University Pertanian Malaysia (UPM). If DOF decides

to proceed with the industry study and funds are available to suppert it, UPM



could be invited to prepare a detailed work plan and budget to meet the
cbjectives of the industry study outlined earlier.

An expanded economic analysis of the industry will require a budgetary
allocation from BOBP over the above that included in the project budget (see
Section VD. Also, the industry study would likely ocontinue beyond the initial 18
months allocated to the overall prgject, though of course the early work of the
bioogists may warrant continuation beyond 18 months of their work also.

The small costs of the initial DOF production and price data collection by
DOF, however, are included in the praject budget proposed at this time.

E. Training

During the proposed consultancies, IPP researchers will learn new techniques
for induced spawning, larval rearing and cockle ageing and will also benefit
greatly from the oonsu]tan!:s' suggestions on ecalogical, labaratory and data
interpretation techniques. In addition, the project will provide the fallowing
training opportunities:

1. An IPP fisheries officer will visit ICLARM, Manila for three weeks at
the conclusion of the current 12-month IPP program studying cockle growth on 6
experimental sites in Penang, Perak and Selangor States. ICLARM will instruct
the trainee in data analysis using microcomputer software developed for length
frequency analysis of fish populations (ELEFAN) and other methods appropriate to
bivalve shellfish. Data from the proposed project will also be examined and
suggestions made for improving sampling and data handling at IPP. This training
ghould be timed to caincide with Dr. Daniel Pauly's presence in Manila during
1985. This means August ar September 1985 at the earliest.

2. An IPP fisheries officer will visit a research labaratary outside M alaysia
for about three weeks to dbserve wark on bivalve induced spawning and larval
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rearing. The most likely location is the Prachuap Khirikhan Brackishwater Station
of the Department of Fisheries, Thailand.

3. An IPP fisheries officer will attend the one month course, “Economics
for Aquaculturists® that is offered each year (May) by the Faculty of Resource
Economics and Agribusiness, Universiti Pertanian Malaysia. This course is
particularly useful training for agquaculture researchers when they need to conduct
mroject feasibility studies, a strong possibility if cockle industry expansion is to
be promoted.

Same flexibility with respect to training opportunities and exact duration
will be necessary, but the total training cost is not expected to exceed the
Us$6,000 allocated in the budget.

F. Reporting

The IPP senior staff member in charge of the project will prepare quarterly
reports to BOBP on a prompt and regular basis. Such reports will contain a
written summary of progress achieved over the preceeding quarter and annexes
containing the data gathered, presented in tables, graphs and histograms as
appropriate.

G. Possible Future Work Related to Population Biology

From field and laboratory examination of cockles, the project staff will also
consider how best to investigate cockle population genetics in the future. While
beyond the scope of the present project, this could have considerable implications
for management and development. It is well-recognised that there is some
palymorphism with respect to shell type in Malaysian cockles: "long' as opposed to
'‘round' cockles. The implications for regulations based on shell length are cbvious,
The basis for such palymarphisms is not known, nar is it known whether subspecies

o races of Anadara granosa exist in the region. Mareover it is clear that

aquacultural operations which invalve massive stocking ar transplantation often



. change the genetic characteristics of much of the population, sometimes for the
warse, Could it be, for example, that the partial harvesting of the largest and
fastest growing cockles and the oonsequent greater oppartunities for the ‘runts'
which are left on the grounds to spawn may be having such an effect? This is
highly speculative but clearly the population genetics of Malaysian and other
Southeast Asian stocks are well woarth investigation. This would require
considerable work on shell characteristics and other comparative anatomy,
statistical analysis and electrophaoretic studies.

IV. Inputs Required for Project Implementation

A, Personnel
IPP will provide the services cof:

- 3 Fisheries Officers (biologists)

- 3 Laboratory Assistants

- 2 Laboratory Attendants

- 1 driver (part-time)

In addition, IPP senior staff will oversee the project. The DOF Management
and Licensing Unit will provide the services of:

- 1 economist/statistician (part-time)

- Fisheries Assistants (data callectors)

BOBP project funds will be used to provide:

-1 Consultant on ocockle age, growth and ecalogy, for about 6 weeks
(Professor DJ. Crisp, Marine Science Laborataries, Menai Bridge,
Gwynedd, Narth Wales, U.K. ar a senior calleague)

-1 Consultant on induced spawning, larval rearing, seed supply and culture
management (Mr. Charles Angell, Seattle, Washington ar alternative)



. B. Equipment

IPP will provide extensive aquarium, tank and labaratory facilities; computing

facilities for data processing; research vessel services (excluding fuel costs)

and most of the basic equipment required for field sampling and measurement.
BOBP project funds will be used to provide:

- One prgject vehicle (Isuzu 'Trooper' -type)

One research photomicroscope with phase contrast

Equipment for grinding and cutting cockle shells far age determination

Three refractometric field salinometers

Two refrigeration units for induced spawning cald shock treatment
- A drying oven
- An autoclave
C. Materjals
IPP will cover the normal running costs with respect to consumahle materials
for the laboratories concerned. BOBP project funds will be used to purchase
additional glassware, reagents and other oconsumable items required by the
roject staff for field and laboratory wark. Special provision will be made to
cover the oosts of field study visits, such as boat rentals and fuel costs and
the consumable items and field study expenses incurred by the consultants.
D. Training
BOBP praject funds will be used to make use of the fallowing training
opportunities:
- One IPP project biologist to spend three weeks at ICLARM headquarters,
Manila, Philippines to be trained in ocockle length frequency and growth
analysis.



- One IPP project hiologist to spend che month at Universiti Pertanian
Malaysia, Serdang, Selangar to take a farmal course in Economics for
Aquaculturists,

- One IPP project hinlogist to make a study visit to Thailand o an
alternative ocountry engaged in research cn cockle spawning and larval
rearing.

E. Additional items
In addition to the above, BOBP project funds will be used to cover the cost of:

- Acoquisition by IPP and the DOF Management and Licensing Unit of
information from libraries and cther agencies relevant to cockle culture.

- Shipment of ocockle samples to the United Kingdom for preliminary wark on
age analysis (and the cost of technical services).

- Expenses for field studies (travel costs, fuel etc.) to supplement the field

studies budget of IPP.



V. TIME FRAME

1985 1986

ACTIVITY

1. Project preparation
and agreement

2. Information acquisition,
literature searches and
library visits

3. Purchase equipment

k. Spatfall information
and field survey of
natural beds/reseeding
prospects

5. Additional field studies
on natural beds and
culture areas

6. Consultancy: cockle
seed supply and
management

7. Laboratory examination
of field samples

8. Laboratory studies on
induced spawning and
larval rearing, age
and growth

9. Send cockle samples
to U.K. for age and growth

analysis

-

-

L

T

—t

Subject to availability of consultant

-

-
g



1986

Activity

10.

1.

12.

13.

14,

15.

16.

Consultancy: cockle
age and growth

Training

. Length frequency

Data analysis (ICLARM)

. Economics for aqua-

culturists (UPM)

Field and Lab visit
to Prachuap Khirikhan,
Thailand

Final Data Analysis
and Report preparation
(Biology)

Economics information
collection (Phase 1)

Project Data assess-
ment workshop

Industry study
(economics) and feasi-
bility studies

Quarterly reports to
soBp

[To be scheduled with Prof. D.J. Crisp]

[To be scheduled with Mr. Songchai Sahawatcharint]

ICLARM, after July 1985]
P

1

-

.l

[To be scheduled with Dr. D. Pauly of

-y

>e---




VL Proposed Budget (for BOBP Funds)

U.s.$
A, Field Studies - expenses for visits to 25,000
natural beds and culture areas, fuel costs,
travel costs, boat hire, expendable materials

Subtotal 25,000

B. Equipment
Project vehicle (Isuzu 'Trooper' type) 8,000
Phase contrast microscope and photomicropgraphic
equipment 12,000

Equipment far palishing/cutting shells for

age determination 3,000
Autoclave 2,500
3 refractometric field salinometers

(American Optical) 1,700
2 refrigeration units for induced spawning 1,500
Drying oven 1,300

Subtotal 30,000
C. Labaratary Studies
Warking budget for induced spawning, seed 6,500
cockle rearing and cockle ageing, including
the cost ¢f initial cockle shipments to the
U.K. for ageing and associated technical
gervices

Subtotal 6,500
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D. Consultancies
Cockle seed oconsultancy (Charles Angell ar
alternative)
Cockle age and growth oonsultancy (Prof. DJ.
Crisp ar alternative)
Local travel and warking budgets for both
consultancies

Subtotal

E. Economics Studies

Data callection field expenses
Subtotal
F. Training

Analysis of field data and training in
microcomputer techniques for age, growth
and population dynamics (One individual for
3 weeks; ICLARM, Manila)

Study visit, probably to Prachuap, Khirikhan,
Thailand to learn induced spawning/arval
rearing techniques (one individual)

Short course training (Economics for Aquacul-
turists); one month at Universiti Pertanian
Malaysia (one individual)

Subtotal

17,000

10,000

4,000

1,000



G. Infarmation
Acquisition of all relevant published
scientific infarmation and visits to
other technical libraries 1,500
Subtotal 1,500
GRAND TOTAL 100,000
Footnote

The above budget does not include provision for: (1) In-depth economic studies of
the cockle industry; or (2) Reseeding progjects, for which further applications for
suppart from BOBP or other donars will be necessary as and when appropriate.
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Pindianbag 6. Peraturan 11 Peraturan-Peraturan ibu adaluh dipinda dengan
remiwa . miemotong porkataan-perkataan —

(@) “or a rcgistration made” dalam baris pcriama;
(b) “or registration™ dalam baris ketiga; dan
{c) “or registered” dalam baris kecempat.

Diperbuat pada 24hb November 1982
(KP. Sulit O. 899; PN. (PU?) 160 Pt. I11.]

: , Dato’ ABuUL MANAN BIN OTHMAN,
¢ Mentcri Pertanian

FISHERIES ACT 1963

FisHLRIES (CocKLES CONSERVATION AND CULTURE)
(AMENDMENT) REGULATIONS 1982

Act 210. IN excrcise of the powers conferred by section 21 of the Fisheries
Act 1963, the Mianister makes the following regulations:

Cination. 1. These regulations may be cited as the Fisheries (Cockles
Conservation and Culture) (Amendment) Regulations 1982.

Detelion et 3. The Fisheries (Cockles Conscrvation and Culture) Regulations
TN"8jes. 1964, which in these Regulations arc referred to as the “principal
Regulations”, are amended by deleting regulation 4.

. Amendmentof 3. Rcgulation 6 of the principal Regulutions is amended—

regulsiion 6.
(¢) by substituting for the words '} inches™ in paragraph ()
the words 6.4 millimetres™;

(b) by substituting for the words “1} inches™ and “consump-
tion." in paragraph (2) the words “31.8 millimetres™ and
“consumption or sale.” respectively: and .

(¢) by adding aftcr paragraph (2) the following new paragraph:

“(3) Any person found in posscssion of cockles which
ate less than 31.8 millimetres, measured in a siraight
linc across the widest part of the shell shall, unless he
proves otherwise, be deemed to have taken them for a
purpose prohibited by this regulation.”

€L

Amendmentof 4. Regulation 8 of the principal Regulations is amended by sub-
stituting for the words “savc with the permission of the Fishery
Officer, 'no™ with the word “No".

Deetionot S, The principal Regulations arc amended by deleting Part 1L

Amendment of g;:lctlizxf:u(?éi%‘orlils—?[ the principal Regulations is amended by
(a) “or a registration made” 1a the first line;
(b§ “or registration”™ in the third line; and
{¢} “or registered” in the fourth line.

Madc the 24th November 1982,
{KP. Sulit O. 899: PN. (PU?) 160 Pt. 111.)

DAT0' ARDUL MANAN BIN OTHMAN,
Minister of Agriculture

-
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Jika ada apa-apa pertanyaan atau aduan, sila hubungi dengan mana-inana
Pejabat Perikanan Negeri/Dacrah berhampiran atau Ibu Pejabat Perikanan,
Kuala Lumpur.

Nama Pejabat Nombor Telefon

Pejabat Perikanan Negeri, Kedal/Perlis 04-725573

Pejabat Perikanan Negeri Pulau Pinang 04-371957

Pejabat Perikanan Negeri Perak 05-550944/542148

Pejabat Pecikanan Negeri Selangor 03-387412

Pejabat Perikanan Negeri Sembilan/Melaka 06-223885

Pejabat Perikanan Negeri Johor 07-244079

Pejabat Perikanan Negeri Pahang 095-521308

Pejabat Perikanan Negeri Terengganu 096-623246/623497

Pejabat Perikanan Negeri Kelantan 097-782851

Ibu Pejubat Perikanan, Kuala Lumpur 03-982011 atau
982920




LARANGAN MEMILIKI BENIH KERANG
KURANG DARIPADA 6.4 MM (1/4 INCI)

Orang ramai adalah diberitahu bahawa sesiapa yang memiliki benih kerang
kurang daripada 6.4 mm (1/4 inci) adalah salah dari segi undang-undang
di bawah Akta Perikanan 1963.

Denda tidak lebih dari $1,000 atau dipenjara tidak lebih dari setahun atau
kedua-duanya sekali boleh dikenakan kepada sesiapa yang melanggar peraturan
ini.

Peraturan ini dibuat kerana benih kerang yang kurang dari 6.4 mm (1/4 inci)
jika dipungut dan dipindahkan untuk ternakan akan menyebabkan kadar ke-
matian yang tinggi.

Oleh itu orang ramai diminta supaya jangan memiliki benih kerang kurang
dari 6.4 mm (1/4 inci). Jabatan Perikanan askan mengambil tindakan terhadap
sesiapa yang melanggar peraturan ini.

Cara mengukur benih kerang
Cuckle (Anadara granosa L)

LARANGAN MEMILIKI KERANG DEWASA
KURANG DARIPADA 31.8 MM (1% INCI)

Orang ramai adalah diberitahu bahawa sesispa yang memiliki kerang
dewasa kurang dari 31.8 mm (1% inci) dan tidak dapat membuktikan dengan
memuaskannya untuk tujuan ternakan adalah salah dari segi undang-undang
di bawah Akta Perikanan 1963.

Denda tidak lebih dari $1,000 atau dipenjara tidak lebih dari setahun
atau kedua-duanya sekali boleh dikenakan kepada sesiapa yang melanggar
peraturan ini.

Peraturan ini dibuat kerana kerang kurang dari 31.8 mm (1% inci) belum
mencapai peringkat kematangan untuk membiak.

Oleh itu orang ramai diminta supaya jangan memiliki kerang-kerang ter-
sebut. Jabatan Perikanan akan mengambil tindakan terhadap sesiupa yang me-
langgar peraturan ini.

Cara mengukur kerang dewasa
Caockle (Anadurs granosa 1)



