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M MION
 

As ICLA4,1 passed its sixth birthday a.; an international non-profit

institution this year, staff and the many individuals who provide assistance
 
of various kinds were able to view with pride the research accanplishnents of

the past six years. 
The Center is functioning as an international research
 
center should, and it has established a track record of sound, applicable

research. It has taken international leadership roles in soci(econnaic
research on snall-scale fisheries, on tropical stock asses.ment, on stock

improvenent and integrated farning, and in information services and the level
of interaction on these topics with other international and natiknal.
institutions is very encouraging. We are to notepleased the need for ICLAIN4
has been clearly established and its role anong developnent organizations
 
appears to be appropriately focused.
 

In spite of these successes ICLAR4 has been made keenly aware this year
of the worldwide recession and its impact on reseairch funding. Tbe Center 
has found iLself scrambling along with other researLcoes Lo even naintain 
present funding levels. Donors are fac-_d wiLlh [nlc;,sijl, lirF~ntt 
decisions as inflation erodes the impact of static or even decreasing
financial resources, and decisions concerningmust be made the relative value 
of research in different sectors and on topics within eich sector. The
questions asked by donors faced with these hard decisions are clesllis lUiat
 
are relevant to all fisheries research institutions in developing countries.
 
A general discussion of the questions including a brief sumnary of our
 
answers should be of interest. The questions fall into t~hree general
categories dealing with (1) The Fisheries Sector, (2) ICLAM4 Program Impact
and (3) Camnunication of Results.
 

The Fisheries Sector
 

Questions regarding the broad fisheries sector and its importance are 
typically: (1) Why work on fisheries? (2) How important is fish in the

developing world? and (3) Isn't fish a luxury food, too expensive for the 
poor ? 

Th 
75 million tonne total harvest of fishery products is relatively

small canpared to other food ac:inodities but its size belies its importance
 
as a contribution to hLinan protein needs. 
 Fish contribute 6% of the world's
 
protein or 24% of the world's animal protein. Because the animal proteins

contain essential anino acids lacking in cereal grains the nutritional impact
 

.
of fish in diets of lJhe oor is often fair nore significant than it would
 
appear at first glance. 
In several Asian and African countries 50% or moreof total animal protein consunption is in the fonn of fish. Further, much of
it is inexpensive dried or saltd Fish witlhin -con-ic reach of poorer 
ccnsumers. 
Because of this, poorer consuners are often more dependent on
fish for their animal protein than their -icher neighbors who eat imore meat,
poultry, eggs and milk products. In short, the fragments of dried fish added
 
to many inexpensive foods in the developing world are an extranely important

part of the diet fran a nutritional standpoint for a great many people.
 

1 k­
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To conplicate this picture the rapid increases in the harvE ;t of fish
 
observed during the 1950s and 60s (20 million 
tonnes to 70 million tonnes 
between 1950 and 1970) have slowed to a crawl since 1970. Preliminary
estimates from FAO are that 75 million tonnes were landed in 1982.
 
Pre ictions of 
total production for the year 2000 are diminishing rapidly
(i , to 104 to 92 million tonnes since 1976) and the present rate of increase
abou- ] .2% per year coupled with problems of overexploitation and increasing
fuel costs make even the 92 million tonne estimate appear shaky. 

When we shift fran consideration of the world situation to thle situation
in developing countries where population growth averages 2.4% per year and
where sane countries are already overexploiting Existing resources, the 
seriousness of the problem begins to canle into focus. Scme countries that 
are heavily dependent upon fish have decreasing harvests (e.g., Thailand and
Pakistan) or catches that are not increasing significantly (Bangladesh and

India). In the Philippines per capita fish consumption decreased 
 47% fran
1970 to 1980. The gap between supply and danand is generally widening and
prices seen to be moving upward in a predictable but rather striking fashion. 
Many of us believe a nutritional crisis of serious proportions is Emerging.
 

ICLAR4 Progran Impact
 

Donors often ask, if capture fishing is facing all these obstacles to
increased production (e.g., poor management, increasing costs, environmental 
degradation), and catches are therefore increasing Only slowly, why worry
about research? What benefits can be expected? And with reference to the 
poor small-scale fishermen caught in 
an almost insoluble tangle of probL-ins,

what can be done to help then? Further, what is the potential of 
aquaculture, would we be better off placing mnphasis on production of 
chickens, for Example? 

As serious study of the population dynamics of heavily exploited
tropical stocks began, ICLAR4 scientists realized that they are very poorly
understood in cnparison with teanperate fish stocks. A part of the reason
nations have often been unable to continue increasing yields toward predicted
levels is the inadequate knowledge of what levels of sustainable harvest the
tropical stocks will support. Therefore stock assessment becames the first 
required step in working toward effective managanent and increasing
sustainable harvests. ICLAF4's leadership in developing simplied analytical
methods applicable to tropical stocks and manageable on desk-top canputers
has been important here. 

With respect to the benefits to be expected, the stocks of many species
have been so heavily overfished that maintenap a of present catch levels is a
problem. Dangerous shifts in species canposition are occurring on many
fishing grounds as more valuable stocks diminish and fishermen shift to 
smaller species that are lower on the food chain. Irreversible changes may 
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be taking place reminiscent of those occurring in the California sardine

fishery or the Peruvian anchoveta fishery in which heavily fisheid stocks have
been greatly reduced resulting in lasting ecological changes. The stock
assessment research is needed, first to enable managElyent measures suitable
for maintaining present yields, secondly, increaseand to slowly sustained

harvests and reduce harvesting costs as management practices are refined.
 

T[Ya dilaE-ina of the millions of snall-scale fishennen dividing too few

fish anong too many fishermen is not likely to be resolved entirely within

the fisheries sector. 
 As this dilarina is ccmprised of a cauiplh% set ofsocial, econa-nic and legal problens, the solutions will be canp1)]cx involving
agricultural and industrial sectors as well as fishing and aquacul.ture. Whenthe situation is viewed as a socioeconanic rural develo[xent problan, it canbe seen that too oft-en efforts to correct it have been mistakenly limited tothe fishery sector. The solutions are not simple and are location specific
in nature, approached a totalbut when as part of thte rural develoruient
problen solutions are possible. ICLAR~s' research here has been 
interdisciplinary with -fnphasis on understanding the situation frcn

sociological, eonanic, legal, biological and institutional 
viewpoints.
Approaches to potentiaL solutions are also [rained in this broad
interdiscipl i nary contc. t ad incliwe consideration oL basic changes relating
to rural develo[ment generally and fisheries/clmnunity interactions
specifically. In the latter category fall access rights, local vs. re.xgional
managanent, ownership resources, limitedof education, entry, enforconent of
regulations, ca iunity organization and a variety of considerations
 
pertaining to wise resource utilization.
 

Aquaculture should be viewed as a form of animal withhusbandry
potential and problans characteristic of that industry. It is pe.rfectly
valid to cai[pare aquaculture with chicken, egg or goat production as 
alternative means for production of animal The forprotein. potential

production of fish through aquaculture is possible to evaluate onily as we
 
would another form of animal husbandry, by rigorous econcinic analysis
including examination of required inputs, csts, nddnmiand prices. The
exciting as[tct. of aquaculture is that it offers c4)pxrt-L uities for econanical.
utilization of previously underutilized resources (e.g., freshwater,
seawater, swainpiand, labor and organic wastes) and in same cases better
opportuniLies for utilization of presently utiliz.d resources (e.g., fe(:dgrains, freshwater, labor and land). To the c-ztent that aquaculture can
utilize resources, recycle wastes, employ people and produce food more
efficiently than other forms of animal husbandry it will cx.iinue to Expand.
According to FAO the present rate of inincrease food production through
aquaculture (1975-80) is 7.3A per annum w)rldwide. [CLARA projects have
often involved econanic analysis of aquaculture practices and have focused onnnprovanent of production efficiency through stock improvcment and integrated
aquaculture-agricult ure. 

Ca munication of Results 

As donor representat:iv-s travel they see duplication of research, poorccimunication and cainpletely inadequate access to reference in mostmaterials 
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developing-country institutions. This leads to questions regarding how to
 
coordinate and communicate better and how to get research results to the
 
developing-country users.
 

The designers of ICIAR4 were well aware of the problems of communication
 
in the developing world and therefore designed an institution to work anong

the international and national fisheries research and development

organizations rather than separately. Cooperative research conducted in
 
developing-country institutions is ICLARv's primary mode of operation.

Further, the Center was designed to supplement the work of existing
development and Extension organizations by conducting complementary research 
to address specific needs. 
This requires a high level of communication and
 
interaction.
 

The mechanisms for canmunication have been built into ICLARM in an
 
effective and functional way. Conferences and workshops are important

mechanisms for carununication of information on research and these are used
 
Extensively for planning and for dissanination of results. Publication of

workshop or conference proceedings is a valuable product of these meetings
and together with ICLAR4's other technical publication series (Studies and
Reviews, Technical Reorts, Bibliographies and Translt ions) cons [Litut a
second major vehicle for camunication. The ICLANA Ncsletter has proven to 
be another vehicle of major importance being used by developing-country

scientists both as a source and a mechanism for reporting results quickly and
informally. The Newsletter is used by our library staff to publicize recent 
publications of interest to developing countries. 
Other services provided by

the library include computer searches of major databases, special library
searches, copying and distribution of articles on request and assistance to 
visiting scientists. Person-to-person interaction between ICLA144 staff
 
members and other scientists ranges fran exchanges of mail to special
Extended training at ICLAR4 headquarters. To an increasing Extent Networks 
are becaning a major part of ICIAR4's activities. They provide special
mechanisms for ca-nunication, exchange of visits, ccmparison of results, and 
research collaboration. 
One, our Network of Tropical Fisheries Scientists,

is supported by its own special newsletter. 

Outstanding Needs 

The magnitude of the fisheries problems in relation to resources 
available to address these needs is still staggering. It appears as though
the rapid increases in fish harvests realized during the 1950s and 1960s 
created a false impression of the vastness of fish resources. It also not
 
only discouraged research, but also led development organizations along the
path of fishing technology improvement too far and too long at least in Asia. 
Many still view the sea as an inexhaustible source of protein that only
requires better technology to harvest and utilize. Th trends of the 1970s 
have shown this not to be the case. 

Iv)
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AQUACULTURE PROGRAM
 

Background 

During 1983, ICIAmm's kjuaculture Program has continued to address

constraints which 
hinder the expansion of warmwater aquaculture in

developing countries. The program is focused on species fe.eding lca in the

aquatic food-weD; particularly the cilapias, carps, mullets, 
 milkfish and
bivalve rolluscs. These groups, particularly the finfish, contain specieswhich are highly adaptable to a wide range of culture conditions, frcan simplebackyard and coastal x)nds to intensive cage, tank and raceWay systems. 

Tilapia in V)u-tLculat , on which the projrim lhci.; 1acedl i--jor- eihas i.,
(lubber xt ruU a ' i.has been a i L ' aquat ic chicken. Tl 1aj a; It, ( -1;it I 1ly

onnivorots, op)prtLuni;tic feeders and are renvirkal.]y toleant to wide ranges
of temporature and salinity and to low water quality. They have very few
disease problems. r-breover tilapias be sold wholn orcan .u- larqe small

harvest weights, according to market preference, or use. for the preparation

of value-added fcxLs as as have
such f Lilets, they excellent dressing weight
characteris tics and flesh quality. 

The milIkfish and the mullets are essentially icroplacjous, taking inplankton, detri.tus and micro-organisms frAn the pend Wk)ttcvi. 'l'Tey are also
tolerant of wide ranges of salinity. The carps (ccion, Chinese and Indian
major) , while largely restr.icted to freshwater culture, can tolerate wide 
ranges of temq)erature and show very high growth rates with some species
capable of exceeding 5 ky/yr in the tropics. Bivalve rolluscs (cockles, mius­
sels, oysters and clans) are 'self-feeding' and are very cheap to Jrcx; themain constraLnLs to production being marketing and market demand, post-harvest
handling, aid public health problems. 

Th1e tropical developing countries have distinct environmental advantages
over the rest of the world for cost-effective production of these species.
Expansion of tropical aquaculture can supply high protein foods for both
donestic constumption and export. There are encouraging indications that cer­
tain of the species nintioned here are gaining increasing international accept­ance as food coimudities, pa]rticularly the tilapias and bivalve iiolluscs. How­
ever, largc-scale aquaculture development projects often fail to achievetheir targets. Covernmient agencies, development banks and private entrepre­
neurs are learning by hard experience the constraints; to successful, effi­
cient aquaculture and the necessity for a professional, scientific approach,
akin to other forms of animal husbandry. 

Constraints can be suniarized as the lack of an adequate biolcogical
research base on thie genetics, reproduction, nutrition and pathology of warm­
water spec.es; the need for improved culture systems, particularly waste-fed]
aquaculture and integ]ration of aquaculture with agriculture; and the poorly
developed analysis of aquaculture econoics and socioeconomics (particularly
market structure and demand), by comparison with agriculture. Implicit inall these constraints is a lack of trained manpxaver. It is essential that
these biolojical, economic and socioinstitutional constraints thoroughlyare 
investigated and removed. 
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Chief among the bioloqical constraints is the need for stock inrove­
inent of cultured s1c1ie:;. ; "_reen in sciencerp± .o-ca].led Revolution' crop 
was built on the dev,.c lopn im of high-y ifod ing, adverse environmen t- tolerant 
and disease-resisti~t pliit varieties. Auaculture must investigate this 
approach to develop ii oh erfo iiilri, dFiestLhcatcd fisi,, as many of tie 
stocks cultured -tI jresont arc w], or niot f:ar ronivewd from wild types. 

No single agency i.; capable of tackling all thiese constraintU2, but 
ICLARM's nymde of operation through cooperative projects and networks is a 
highly cost-effective way of making progress. The Aquaculture Program is 
designed to address key specific research problemu for some of the most 
important ccmdxJities, while developing broad theims for sustained ,AUrk. 
These teMes are outlined belcw. They are not virewed as separate entities 
and are highly interactive and multidisciplinary. For example the biologists 
and conanists involved in projects draw frequently on each others' expertise 
and data. 

Progress of Work 

The past year has seen significant prcgress in projects continued from 
1982 and initiation of ome important new projects. Proqress is reported 
under prcxjram theime headings and a summary table of completed, acti \e, anrd 
upcoming projects follows. 

Coumndi ties/Economics 

Tiliqji a!; 

Research projects on tilapias have been undertaken in Kiu:ait, the 
Philip-pines and Taiwan. In Kuwait, ICIAP;'s cooperative project with the 
Kuiwait. institute for Scientific Pesearch has continued to generate ipirtant 
data for tilapia culture in saltwater in arid lands. OreociLromni spilurun 
imorted from Kenya, appears to have good potential for coth and roprc.­
dLc-tior under these hl]ish conditions and the successful test narketing of 
tilapias started in 1982 has been continued. 

,, rn(j the higjhli qh1s of the 1983 Progrm activities were studies on the 
economics of tilapia culture and tilapia nmarketing which culiTrinated in a 
4-day workshop cosjlonsored by [CIAP11 and the Philippine Council for Agcricul­
tire and Rusourccs P,1usearc, and Development ('CAPU1,D) . These Ludies involved 
I(LAPM researchers and couterparts ftom a larje nuimer of Philippine univer­
sities and developL cnt agencies. TIhe workshop was a trerendous success and 
has highlighted the importance of tilapia culttirce as a fcxxd producing system. 
It was stated at the workshop that tilapiA cuture Is the key to self-suffi­
ciency in fish supply for the Philippi.nes. While it is still difficult to 
arrive at an accurate total for countrv:.id, Li lapia production, this is pro­
bablv around 50, 000 to;: ,">'.,C. 

t.J( 
h's . FAIn 'i,,, -1 i5C0' P e [.(c [H....' i i,.1JI-1 8 to cond(uctI .corlK i.O_ 
analy'ses of ti apla ]i.:j,, ]: to deo.. 11(, flit,t l ,o ,st :ppi[-opriat:e apljroach to 
developnnt of Ui.; :Oct01 cf tl1e indut::v, ii, U ';tuidil'S cover Loth land­
based and water-based hatche:ies of the .rv,It:. ':ctor and government managed 
hatcheries. 

As an ad urlc,L d io ,'_ j1)Jille TiIl i iha 1., ,llCihi( S project, 1CI.A!.W hired 

http:countrv:.id
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Significant progress was also made in the cooperative bioloical research

projects on tilapia with the Institute for Fisheries Research and Develop­ment/College of Fisheries of the University of the Philippines in teic Visayas
(IFDR/UPVCF) . The aquatic fern Azolla was assessed as a protein-source for 
Nile tilapia fingerlings and was found to be nutritionallv-deficient: a
negative result, but extremely important since sane culturists in Southeast
Asia have been tending to feed Azolla to their fish uncritically, assuming

that consumption by the fish must confer nutritional benefits. 
This result
 
will prevent further wastage of time and noney. Artificial incubfation sys­
tems for tilapia eggs and larvae have been 
 further improved in another pro­
ject witl UPVCF coqileted in 1983.
 

A cooperative project with the Marine Sciences Center of tie University
of the Philippines (UMSC)on the genetic characteristics of Philippine food
 
fishes has concentrated initially on tilapias and has shown, by use of elec­
trophoretic mtarkers, that some experimental and conercial stocks of Nile

tilapia (Oreochromids 
 niloticus) in the Philippines are seriously contaminated 
through interb-ecdling with wild 0. nnossanbicus. 

T7he tilapias have also been the major focus in the program's publica­
tioms and conference presentations and re(main th- imain species used in

ICLAFV's integrate.d farLng activities. Throughout 1983, major 
 reviews on
tilapia nutrition and tilapia as a worldwide com-dity for Future publication
have been in prepai-ation. For the last of these qu(.'s Lonnai(;r;r have been 
sent to tilapia correspondents in 74 countries and 56 replies have been
 
received.
 

The worldwide interest in tilapias can be judged from the reprinting ofICLARM's major publication on this group - "The Biology and Culture of 'ila­
pias" (Conference Proceedings No. 7) and the 
reprinting and updating of"Applied Genetics of Tilapias" (ICLAP-4 Studies and RevicMs No. 6, 1.981, 
now available the Second Edition, 1983) . "Ihe Biology and Culture of
Tilapias" topped the scientific books category in the awards for the
best Philippine books of 1982, for which a plaque was presented to ICLAPM 
by Philippine Prime tinister Cesar Virata. ICilaR's bibliography on the
main species of cultured tilapias (ICLARM Bibliographies No. 2) has also 
been in great domand.
 

In Taiwan, ICLAWM has continued a multidisciplinary cooperative project
with the Council for Agricultural Planning and Dvelopment on the develop­
ment of technology, for saltwator culture of tilapias. Cooperating institu­
tions include the National Sun Yat Sen University, Kaohsiung; the Taiwan 
Fisheries Thesearch Institutes at Lukang and Tainan; the linstitute of Zoo­
logy, Acadeiida Sinica, Taipei; the National Taiwan College of Marine
Science and Technology, Keelung and the National P ingbng Aqricul tural 
Professiona I. ,chool, Pingtung. 

The following topics have been studied: reproductive perfornonce oftilapias irn freshwater; reproductive perfornance of t[lapias in various 
salinities; salinity tole:ance of F:eshwater-spaw ned fry of various ages;
survivorship of freshwater-spawned eggs incubated at elevated salinities 
and salinity tolerance of resultant progeny; salinity tolerance of fry

spawned at varying salinities; protein and energy requirements of juvenile
tilapias in freshwater and the growth, survival and reproduction of tilapias
during cage culture at various salinities.
 



Important results during 1983 have included decreasing the average
interval between spianiings fraii 40 to 20 days in Nile tilapia; successful 
spawning of tilapias in seawater and acquisition of hatching and rearing
data over a wide range of salinities, from which spawning and incubation 
of eggs in saline water have emerged as powerful techniques for predisposing 
fry for saltwater rearing; comparisons of saline tolerance between different 
tilapias (in which an 0. missambicus x 0. niloticus hybrid was the most ver­
satile performer) and preliminary assessments of optional protein content 
and protein energy ratios for tilapia feeds. 

Tilapia econoics studies in Taiwan have included an economic analysis
of secondary production and price data. This analysis was designed to 
identify econoimic issues for Jollowup field research us.ng farm level and 
market data. 

Carps 

During 1983 the first akjor involvement of ICLARM staff in carp culture 
research and development occurred. Dr. R.S.V. Pullin assisted the Asian 
Development Bank (ADB) witi research planning for improvement to hatchery/ 
nursery technolocy for rofrmon carp, Chinese carx; and Indian major carps 
with visits to ADB and goverrm-.nt projects in Bangladesh, Burma, Indonesia 
(Smatra) , Nepal, Pakistan and Sri Lanka. Dr. Pullin is co-authoring a 
car) hatchery/ntusev nvnual with AbB-consultant D-. V.,..]hinqran and is 
assisting ADB in organizi.ng a 1984 vxrkshop to collate new findings and 
technology improvements in car) rearing. 

Milkfishl 

During 1983, ICLABI completed a study of constraints to increased 
milkfish yields in the Philippines. This study was contracted to IAInM 
by FAO and was conducted with the Bureau of Fisheries and 7AVjatic Resources 
(BFAR) and the Bureau of Agricultural Econaonics (BAEcon) . A host of tech­
nical, biological, econunic, sociological and institutional factors were 
exandnined. The study confirined the ear-lieor work of ICTLAI'. that farmers are 
responsive to relative pr:ices in their production deci;ions and concluded 
that U-ie iiiajor constrain are institutional in nature. These included 
high (and hidden) cost:-; of c-edi t, limited contact with extension workers 
and IXj)rly developed extension materials. Specific action steps were recom­
mended in each case. 

A later study, the results of which were presented at the SEAFDEC-
IDRC Internat onal Mikfj sh NIluacu lture Conference in October, documented 
the major mirket constraints that inhibit expansion of ilkfish production 
in Taiwan, Indonesia and the Philippines. Shifting consumer preference, 
high export prices for shrimp and higher profits from other species such 
as tilapia and crustaceans have canbined with nmrket saturation, in Taiwan 
and the Philippines espkcially, to reduce milkfisli prices and milkfish's 
share of aquaculture production and markets. Brackishwater producers 
throughout Southeast sia appear to be shifting away fran milkfish as a 
result. Consaluently, while constraints to h igecr yields for individual 
farmers imaiy be institutional in nature, the indu;tr.y as a whole faces market 
limitations brought aJout by supply exceeding effctive! denmnd. 

http:organizi.ng
http:goverrm-.nt
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Mullets and other finfish 

Drs. C.M. Kuo and W.O. Watanabe have maintained ICL(UPM's interests in
mullets and in a nmbeir of other conmlercial bracki.shwater and nmrine fin­
fish species UIroujh ongoing projects, advisory services and training acti­
vities in Egypt:, .1srael and Taiwan. As in previous ,,'cars, the W[l thrust.sof this work have theen on development of controlld it prcuct ion techniqlues

throug I, ter ui (rsmaiid.i ng of leprcxluc t;.i e
Cet I:, i t, Iy ant I imli ovuliiunlt
of larval and pos.arval survival. Interest in mullet culture cm-airnlsstrong in the liddle East, while in Taiwan inter2:-,t in tie culture of
higher priced slp.ecieLs such as groupers (Eine,]helu; -: p.) is increasing as 
prices obtair.nale for tilapias and nilkfish have fallen. 

Bivalve leDlluslcs 

The cooi :eraLive project between I(CAPI and the Brackishwater Fisheries
Division, DW--partirint of Fisheries, Ministry of Agriculture and booperatives,
of the (bvernmient of Thailand, entitled Applied Research on Coastal Aqua­
culture, funded tlough the (kntan Agency for Technical Coorxpration com­pleted its first 18-mnth phase in June 1983 and was extendcd for a further
18 nK)nti.;. The ,roect has irivol.ved multidiscip ] iiury studio; on the eco­
ncXnicts and biolog', of culture and harvest ing of '1ha i (eomncrcial hlivalve

'olltuls-s, princilpally the green mussel (Perna viridi(s) , the ccck.e (Anadara
granosa) , oyster s xccies (Crassostrea spp.) and --th ort-necked cu-n­
(fLII. undulata) . Special studies and reviews comipl.etcd in 1983 included
maikeLrt, _i,)r-coxuct standardization and production cost studies, assessmentof tlui . iic LCealAt aspucts of bivalve consulrtion i.n Thailand, with analyses
of bXact(Lial contaminant.; and trace metals in samples from the major culture 
areas a ancomprehens;ive l iterature r(,vicA; a: s( op hand-A' post-hJar'estling invest qr-ations on seasonal changes in flesh qljal t,'1 and factors affect­
ipg shelf-life and a review of lai literature of colvi rcia bivalves,
including now translations of papers and abstracts. An economic analysis
of shellfis-;h marketing was initiated in mid-1983 as art: of this project in
colla.)otation with the Faculty of Economics and lmsie.s Adini.:;tration,
Kaset;art University, Bangkok. Ibis activity is part. of -asot:,art'.5 contri­
buLtion to the ICLIRM FishLurics Social Science Netw-rk,Re tarcl dcescribed 
o isrvI ( - i, tjii r-,:-.ort. 

[i addition to these act ivities, the lCIA]P1 p roject sMtaf Drs. I..
Mc.Co,/, P.I'. Ventil].a ai(l Mr. J. Michael Vail an dicir Thai. counturiirt s 
participated in a variety of advisory and training activities. The projectalso held an in-countrty7 workshop for Thai researchers and culturists from 
ins titu t ions ind ager c ias count'-vide. 

Was te- fcled agr.i cu]ltre/i.nte,(ra ted fan.mi ng 

The 11es-t important events of 1983 were de disse.,i-nation of the results
of ICiAR ':; previous c(operaLive animal-fish research project with CentralLuzon St-ate University (]CI.AN Technical Reptort No. 5) and the :appo intinent
of a l ckefeller lo-'s'ida Lion [x)stdoctoral fel l%, to work on water (ual.ity 
as pects in a wide variety of waste-fed aquaculitun(: (cC4'iplsL-( l01on(s,
nunured ponds ali s(,waqe-fe( systLems) in a coopetraLiv, proj(ect bet-ween
ICIAPN and tle Aswiu Ilntitute of Technolcxy (AIl') , Bangkok. The reseaichfellow is Dr. John A. Colmam, a water chemist, who has joined the AIT
biologists under Dr. Peter Edwards to form a ixxcerfuL AIT-CLAIM team invest­
igating water column and pond txat-tom ch(m5istry and I.i (,.CxIy. 

,'<Y 
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Plans have also progressed towards holding an international conference 
on "Detrital Systems for Acuaculture" and materials in preparlat ion for future 
publication include a review of sewage and waste-water in auuacultureuse 
and a caiiiprehensive bibliography on integrated fanmiinq. A reviCe paper on 
the cultuire of herbivorous tilapias was presented at .ui interrnational con­
ference in Malaysia (see below) and is highly relevant to feeding waste 
vegetation to fish on integrated farms. 

Stock improvement 

The stock improvement theme has been the most difficult aspect of the 
aquaculture program in which to expand 'hands-on' project work. This is 
because fish stock improvement, like most genetics-related studies, requires 
special facilities and sustained project support. 198' has been used 
largely to prepare the case for substantial future research support in this 
area. At the International Symposium on Tilapia in Aquaculture, Nazareth, May
1983, Dr. R.S.V. Pullin presented a strong case for tilapia stock im)rovement 
and convened a discussion workshop of the geneticist- and fish breeders present. 

A major proxosal for an International Network for Stock Improvement in 
Warrmater Aquaculture has been prepa:ed for presentation to donors early in 
1984. A feature of the proposed Network will be the development of now faci­
lities - Stock lmprovement Centers. 'I'he proposed Network would strengthen 
the research support proposals of its mebers. Dr. L.J. Lester, Univer­
sity of Houston at Clear Lake City, has assisted ICTARM with Network and 
stock improveimnt project pla1ing troughout 1983. 

In addition to Lhis groundwork for a major program thrust in stock 
improvement, ICIAPe's genetics project with the Marine Sciences Center, Uni­
versity of the Philippines has made substantial progreshn characterizing
cultured Philippine tilapia stocks. ICLAPm has also nmintained close liaison 
with the Freshwater Aquaculture Center of Central Luzon State University 
(FAC/CISU) and the adjacent hatchery of the Philippine Bureau of Fisheries 

and NAuatic Resources (BPAR) in their evaluation of culture performance of 
tilapia stocks from previous ICLARM - FAC/CILSU projects. These evaluations 
have shown s-ice disquieting deteriorations of culture perfor.mnce, probably 
attributable to interbreeding between wild and cultured fish. 

Economics 

Economics activities are described above in the respective comodity
sections. 1.n aid ition to these activities and those described elsewhere 
under the Fisheries Social Science Pesearch Network, the Taiwan aquaculture 
trends and development prospect-s manuscript was completed by Dr. Chaur-Shyan 
Lee. qhe mn]uscript is now being edited and will be published in 1984. 

Advisory Services 

Dr. P.S.V. Pullin worked extensively in 1983 as an advisor to the 
Asian Development Bank on a project entitled "Technical Assi[stance on 
Research and Training in Aquaculture". The Project aims to improve hatchery/ 
nursery methods for carp culture throughout Asia (see above). Dr. C-M. Kuo 
has continued his work with the New Jersey Mairine Science Consortiumn/United 
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States Agency for InternatLonal Development (Co.ii×,rati.ve Marin-ne 'rc'hnolooly
for the Middle East)/,Ey.,ptian Acaderry of '-'cientific Pes_-,earclh and 'T'echnol(oXy/
Israel Oceanographic and Limnolcgical Research hLd., Matriculture [ii0ikrat:ory 
progru on Control]]ocd reproduct ion of corimerc i.d 1 Iy rtii: ui ino fL;h:;, 
concentrating on mullets and gilthead seabrena (Viara ,>:[urata). 

Dr. Ian SAMth served as advisor to the 13 of 13<cjal l'rograrune's (BOBP)

shriimp-p,.in cu]ture project in Killai Backwater'', Mtidras, India. Witl C'LdAR
 
assistuce, a BOuBP Conisultant Mr. Rathindra F'.oy, i (?-:L.:uainin(j the soci.o­
e onomic feasibility of this project as a houselold activity of the cast­
net fisherneu and ,at-,erers who have traditional]- ,,explol Led the 1-kic]waters.
 

Aijuacult:urO p -xram staff have also been veo- a(' i-e in handlinq
ervlui ies from all over the developing worl( in reltJ.ion to aquacultttre
research and deveiopr-ent. In particular, nvony of thu culturists and scientists 
contaicted while gath ering information for the international revioJ on tilapias 
as a foxd coiio:oxiLty have reques t.-ed informi-t ion on t-Iie ciA Lre ot1' 1--i a 
sp .cies and S;tLa Ln: 1o 1cuture all the )OS t L,methcx1d:; for li.itchory' o[fri1 t ions 
and ,Lruut. 1Ati.ry;A , service.s to the ('ziayya l.ntu-,nflt' A(IricilI'i lr~t DOve­
lopn _,nt Project, I h i.l ippines on the explo.itation and culture pX)tcnLti.al. of 
stocks of Hie. .ig -a[-o mllet-, as 1w kn (LA;tr:.w; ['].iti lis) inton' , ]na.;n
Northern Luzon, I ve continued at a MoV lel-".,eni t.h e Li!iei, nt ofIA 
worl.'ing facilities b, the various cooperating strLtitutions. Plans to extend 
further advisory service; on rari-ne hatcher" roe~sc,-rch and de elopiliCit to the 
Mirnistry of Ajricul t-ui mail .'isheries Dov, lopiv.int, !;abal, M ,. are 
awaj ting coa:struction of tlie facili ties des i.qnc:x i.n 1982. 

Training
 

[.s. K0L(-dilai and In'nilin as, ist(:,d wi t i thc cause for(hong P.LO.-V. 
senior a(cu]ltUWists froM s.ia and tle Paci f ic, o-g. ni zed by the UNII,/ 
I.7O Netwvorl: of IAfuacuLtture C.ntc.,,; in iV.;ia (NA 'A) . 'i " s i , doi to Ia1. 
bMster ; in .j'UcU ture de(jr- , tlii (i jli af f iiati01 wi. L t],w liiiiv' i byL; Ai
the Philippine! in tie Vi sa',a., I. oilo Ci ty, iml the trainees spen tInm 
at MAA cent, in th. i"p ' ,.ublic.' p (,f (d ', i a, Iryn ia, the !i] ,ii ir 
and Thili l tn 1)r. Hi t-aU L1 a-L l(?L ti r1 clOlili COlil[. u1Iult. c(I l Jht 2-veO.,k _ CO C 
of the courne at the Philipp ine lead Center (PW?) for NACA, which is located 
at SEAI'DFC, Tigbuan, .lloil. Dr. Pullin delivered a series of lectures on 
broad Lasp c ts of waimirL toy aguculture research inf.i dcveloj nnt, choice- of 
cultured species and stock imn.,roverii'-nt at the PIZ .. n-d also reit NRAMC\ 
trainees during their stop at the National lWland :ishcr Les Institute, angq­
kok. Dr. P'ullin's lectures wi.ll be published py FAD Ior use on future NACA 
courses. 

Dr. C-M. Kuo w,,s a[pIainteo visi tinq profesc;r t) boLi the PI.artment of 
Zooloy, National 'aiwan L]niversiLy, Ta.i pei and tie LnE;t.itute of Marine Bio­
icy , Nationl S-Cun Yat -e, Unitniv ., t mnr, '[. w.. lIe Heaohs lecturestL, of ferol 
on :, e.i.alI topi,. o I ii1 l i'ol'cqy: l( iV.v-rc .1i'f; arwil,', to Iot 11 i r:si-
LuLLOi Ii Mte slJ ingJ ;'m ,t r. 10''; suivicc vm: ':,. ,ntmkd i:, a;i I('l f,-J coin­
triJbuton to he coeoratile projcct currently un.iurvay. inaddition, Drs. C-M. 

uo alid U.0. WatLua e lhvc been involved in training and prolram dtvelopmn:-:nt 
at thie Taiwan Fislieri, , -eserch InstituWtt at Ta i nan and :i ;u[,.rvis ing
vi.sitinq studeLns i-Ii;, I 10e Agricultural UnLver.ity, Wageningen, Netherlands 
and National Siun YaL C.W University in advanced stUC1.s in aqufcult:ure. 

~Aa 

http:pX)tcnLti.al
http:shriimp-p,.in
http:Co.ii�,rati.ve
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Dr. E.W. McCoy assisted the Faculty of Agricultural Economics and Buci­
ness Administration of Kasetsart University, Bangkok, Thailand with in-drI 'th 
training of graduate students. Staff and student-s were involved in lmarketing 
and production cost studies on green mussel culture. Dr. McCoy also gave a 
short course on marketing to staff and graduate students and classes on 1mar­
keting cconordcs to aquaculture economics students. Dr. r.vF. Ventilla assisted 
the Departmnent of Marine Science, Chula.ongkorn University with information on 
bivalve mollusc biology and culture. 

In September, ICLA]M provided training awards to the 10 private tilapia 
hatchery cooperators who have been participating in ICIJRM's record-keeping
project in Lacjuna and Rizal Provinces, Philippines. The 3-day training 
session in hatchery ironagenmnt was conducted at the Bureau of Fisheries and 
Aquatic Resources (BFEAR)-USAID hatchery on the ca.)u. of Central Luzon State 
University. The training was highly successful. Finally, Dr. Chong con­
ductedK a series of short courses over 12 weeks on aquaculture economics and
 
farm nnagement for BEAR extension workers. 

Publications
 

Al-/ rLeri, A.A., M.L. Hopkins and K.D. Hopkins. Preliminary observations of 
the imrket acceptability of cultured tilapia in Kuwait. KISR Annual 
Research Report 1982. (Tn press). 

Chong, K-C., M.S. Lizarondo, Z.S. dela Cruz, C.V. Cuerrero and i.R. Smith. 
1983. Milkfish production dualism in the Philippines: a multidiscipli-
Pnary persxctive on continuous low yields and constraints to aquaculture 
development. Report prepared under contract for the Food and Agriculture 
Organization (:AQ) of the United Nations. 

llopkins, K.D. 1983. Tilapia culture in arid .-inds. ICIARM Ncwsctter 
6(1) :8-9. 

Hopkins, K.D. , M.L. Hopkins, D. Leclercq, and A.A. Al-Ameri. Tilapia culture 
in Kuwait: a preliminary economic analysis of production systems. 
Kuwait Bulletin of arine Science. (In press) 

1opkrjnis, M. ,.and K.J. llopkir;. 1.983. Phil ipld e ,, 1). 450-472. In 
E.E. Brown (ed.) World fish farming: cultivation and econonics,
 
2nd ed. Avi. Publish ing Co., Westport, Connecticut, U.S.A.
 

Ilopki ris, K.D. , 1P. Inoc2encio and EI,.M. Cruz. Water jluai ty .i n initelral:, 
li yes;tock- fish lond . J. World Mar iculture :,C-i, ty. (In reSS). 

Hopkins,, K.D., D. IUclercq and A.A. Al-N/neeri. Culture of Oreochromis 
aureus and 0. s)i lurus in seawater. KISR Annual Research Report £982. 
(In press).
 

Leclercq, D. and K.D. Hopkins. Intensive culture of tilapia in a sinple 
recirculating system. KISR Annual Research Report 1982. (in press). 

Lee, C-S. 1983. Production and marketing of nmlkfish in Taiwan: an eco­
nomic analysis. ICLAPM Technical Reports 6, 41 p. National Chung 
u1sing University, Taichung, Taiwan and International Center for Living 
Aquatic Resources Wanagement, Maila, Philippines. 
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Pauly, D. and K.D. llopkins. 1983. A method for the analysis of pond growth
experiments. ICIL;P Newsletter 6(1) :10-12. 

Pullin, R.S.V. and (;.J. Alnmzan. 1983. Azolla as a fish fcx.]. ICTARM 
Newsletter 6(l) :6-7. 

Pullin, R.S.V. 1983'. Book review. A quide to tilapia feeds and feeding. 
Kim Jaunce\' and 3abL--inra Ross. 1982. University of Stirling, Stirling, 
Scotiand. ICTLdARM New..let< I- 6(1): 14. 

Pllin, R.S.V. 1983. Book review. Giant prawn faimnini. Seiected papers 
pres;ented at ', Irant rciwn 1980, ' an international conferonce on fresh­
water prawn faiiuiing held in Bangkok, Thailand, June 15-21, 1980. Edi.ted 
b, Michael 13. N v. DevelopmenL- in .Auaculture and ,isheries Science 10. 
Elsevier Scient-ilic PuLlishJing Ccampanv, Ati;tei- lrm. ICIARM Newsletter 
(1):14-15. 

Pullin, R.S.V. 1983. P sarch directions for tilapia culture. ICLAPM] Nes­
letter 6(l) :16-17. 

Pullin, R.S.V. 1983. The internatioanal synpositui on tilap in in aquaculture. 
ICLAPM Nslett:,,r 6 (3) :18. 

V. 13x×)'4revi.jW. 	 tnI 
Ir-,oce 	 Isi rlf; of -I wo l.kshop hl.ed i n re , 10;i-il19 ,Lii ary ]'98-. 1". 

' 

Pull in, P*.:;. 1983. 	 Bivalve ci. trc, i n Aili a 1:11- l',,.'ific. 

Brian l-iv,', and Grahar, 	 1.)82. i ionalNachiael tEdi.t:ors, ritenl omt De-velop­
mient I'eSc. trci (Teritre , Ot t.awc . ICI dA I Ne ( ., t l' r ( ) :2(1. 

Pullii, P.:;.V. 1083. Bcxk -eview. No '](r ne-:.thc~ s oL a(Ilt m'litu re iln ,a,.-In. 
Edi ted ty T. Klauku and It. It:enoue. 1983. Devlo[.itvents In ,iquacu.lure 
and fisheri es -,c ience. Volume "I. IF'SOV isor Seieritif i Com­'i-hinq 
pany, 	 f I News5 Itter 6(3) 2.: tcrdcur. CARM 

Sini th , 'I. 1. 1 i . I acu].tur. ( Iev,,oprr.nt i) lc.:, d8,veloped 
coLti tr ir : sOC iU ., e . i li tiIdl [.-]i ILici~ l. ,J]'ll , I.'dit (x I ,. Si.t and 
S. Peterson. Westvi,.eW _.cial stuclihs in ALrL.uIturei, eltur. Science 
and Policy. We;tv i, Press, Boulder, Color-ado. Marw. P1olicy 7(4) (October) 

Meetings Attended, Papers Presented 

World Mariculture S;c,'-t., 14t]iAnnual Meetng, in ccol:.erat:ion with tie 1'islh 
CAlture Sct on of die i\rrKiicatn rislerius ,ociety, Washington, D.C., 9-13 
Januai, 1.983. (K.IB. llopkiir;) 

K.D. Ilopkirks, P. I ncencio ad ... Cruz. Wat-, quality in intec.ratedl 
1livetec'. - f isl [x-,nds. 

In-co)LurN WorksI c n the Cu--rent State of' U e Art, of Bivalve ,I. u11scs Cul­
ture, .illn T'ha[.Lndfia t on,.l] Illand Ii shel ies Ins ti titLut, Ka';':- t. ari Uiv['& JI ' 
CcaIpus, Bangkok, 19 -21 ilnuar,, 1983. 

. I.. Vent; 1].a. A note on recent shellfish -clet:ic research. 
P.t1. VnL.la. dternative noIlusc spe,(Cies foc cLiltur( in 'IlLililcInd.
A pr.linmina list and some b-iolog.ical data oi aLbalones (Ii- liotis sp.)
i n hrliaii ad. 

in 

http:Iev,,oprr.nt
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R.F. Ventilla. Som biological data and background of cammon scallop) 
(Amusiihn pleuronectus) in Thailand. 
R.F. Ventilla. A prclidnaiy list, some biological data, and background 
of pearl oyster culture (Pinctada maxima, P. varqaritifera) 
R.F. Ventilla. Natural spat collection or hatcheries? 

in Thailand. 

The International Symqposium on Tilapia in Aquaculture, Nazareth, 
8-13 May 1983. (R.A. Neal and R.S.V. Pullin) 

R.S.V. Pullin. Cioice of tilapia species for culture. 

Tsrael, 

Annual 
1983. 

Meeting of 
(C-H. Kuo) 

the Taiwan Fisheries Society, Keolunq, Taiwan, 30-31 May 

C-M. Kuo. Application of sex control in aquaculture (invited resource 
speaker). 
C-M. Kuo. Induced breeding of grey mullet, Mugil. cephalus L. with deoxy­
corticosterone.
 

International Conference on Development and Management of Living Aquatic Re­
sources, Universiti Pertanian Malaysia, Serdang, Selangor, Malaysia, 2-5 
August 1983. (R.S.V. Pullin) 

R.S.V. Pullin. Culture of herbivorous tilapias. 

Workshop on Tilapia Econoics in the Philippines, University of the Philippines 
at Los Banos, Laguna, Philippines, 10-13 August 1983. (E.M. Escover, R.S.V. 
Pullin, I.P. Snith) 

L. Yater -id I.R. Smith. Economics of private tilapia hatcheries in 
Laguna and Rizal provinces. 
E.M. Escover and R.L. Claveria. Economics of cage culture in Bicol fresh­
water lakes. 
E.M. Escover, O.T. Salon and C.P. Lhi. Tilapia marketing in Bicol. 

Research Seminar, Oregon State University, Department of Fisheries and Wild­
life, Corvallis, Oregon, U.S.A., 16 August 1983. (K.I). Hopkins) 

K.D. Hopkins. integrated faring and tilapia culturu in Kuwait. 

Second International Milkfish luaculture Conference, 1Ioilo City, Philippines,
 
4-8 October 1983. (K-C. Chong, C-M. Kuo, I.R. Smith and W.O. Watanabe) 

C-M. Kuo, W.O. Watanabe and Y-Y. Ting. D'.eep-water culture of milkfish 
in Taiwan (poster) . 
C-L. Lin, Y-Y. Ting and C-M. Kuo. Descrir-tion and treatment of vibrio­
sis (red spot disease) in milkfish, Chanos clianos (poster). 
I.R. Smith and K-C. Chong. Southeast Asian milkfish culture: economic 
status and future prrs,_ cts (invited pa-er) 

ROC-USA Collocium, on Marine Sciences, Taipei, 19-24 October 1983. (C-M. Kuo) 

Program Plans for 1984 

The 1984 program will again emphasize the imain themes already established: 

stock improvenmnt, waste-fed aqukacu] ture/integratdl farm.ing and economics. The 
proxjram will also continue to focus on species chosen for their suitabi lity for 
lo'l-cost apIlaculture, particularly the tilapias, carps, bivalve molluscs and 
mullets. 

fl-I
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The concept of an International Network for Stock Iim)rovement in War-m­water Aquaculture will be prcm)ted with proposals for a planni.nq workshop
and initial Network activities. The project with on ofUPMSC the GeneticsFood Fishes will be extended for a further year and the project will bevisited by leading geneticists to assess progress. Network establishmentwill be further assisted by Dr. L.J. Iester, who plans to work with ICIARMand C SU in tie Phil.ippines on determination of reali.zed herit-:)i ]ities for
growth rates in Lilapias. The developnnt of tilapias for mariculture will
be extended throughout 1984 in the ongoing projects in Kuwvait and Taiwan andresearch/adviso-y services controlledto marine fish repcyuction ;tudie.; in
Eg]ypt, I srael ard Taiwan will be continued]. 

]in waste-fed aquaculture/intecjrated fanning, research cooperation with 
AIT will be strengthened to enable detailed investigations of the detrital
food web and water quality factors. Efforts will also be continued at AT
and by liaison with other tropical aquaculture irstitutions to investigatethe potentials of aquatic:acrophytes and waste vegutzation for fish nutriti.on, particularly for the iiiicrophagous and herbivorous tilapias. 

ICLARM has also identifijed an area of inteqratL]d farminq in which a newresearch initiative is called for - the integratioi, of rumlinant livestockhusbandry with fish culture. Ruminant livestock-f ish intecration has beenhitherto largely resLrictedl to the use of cattle mnure to fertilize fish
ponds, and has ignored tie rumin-ant livestock of greatest importzauce in manytropical developing countries, particularly small runvi.nants, (sheep and goats)and the water buffalo. The small runinants are p-articularly important in Mus­lii countries. While these aninmals produce relatively "utrient-pxoor" manurescompared to [iy, poultry,anud their wastes do represent a potential input foraquaculture which has not been adequately investigated. A proposal is being 
preparcd to addr-ess inth-is 1984. 

The proposed conference on "Detrital Systens for Aguaculture" will likelybe delayed into 1985 to allow; for preparation of major revi:eW contributions.However, the I.CTAH-M bibliography on integrated farming will be completed1984 and ccuni ssioned reviews on sewage-fish 
in 

culture and tilapia nutrition
(concentrati.ng on detritivory) will be ccnpleted. 

In aqILLaculture (conomics, TCAP , is exploring Ixossibilities of a staffassignment in South Asia in affiliation with the Bay of Bengal Prograne in 
Madras, India. If funtding is located, the individual in this position wouldwork in affiliation with the ICIAvm Fisheries Social Science Research Networkand] national research institutions aned universities hn Bangladesh, India, andSri Larnka. Likely topics for research include aq.iacu.lture project feasibility
and impact studies and assessment of norket p)tential for culture species,especially those such as tilapia which are not yet popular wi th South Asian 
conslumers. 

Ms. Eia:i Escover will continue her economic analysis of tilapia hatch­eries in the Philippines unti.l she returns to her facult., position at Ateneo
de Naga College in mid-1984. 

http:concentrati.ng
http:nutriti.on
http:planni.nq
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Project Title Azolla in Tilapia Nutrition 

Cooperating Institution :The College of Fisheries of the University 
of the Philippines in the Visayas (UPVCF) , 
through its research arm, the IDstitute of 
Fisheries Development and Pesearch (IFDR) 

Duration Mly 1982 - ecenmber 1983 

Key Personnel ICLAM : Dr. Rcjer S.V. Pullin 
UPVCF/IFDR : Dr. Czaudiosa J. Aimazan, Mrs. Teresita A. 

Hanalo, Mr. Piman R. Ajbayani, Ms. Aurora 
F. Angeles, Ms. Ma. Theresa B. Trono 

Objectives 

To determine the nutritional value of the aquatic nitrogen-fixing 
fern Azolla pinnata as a protein source for Nile tilapia (Oreo­
chromis niloticus). 

Results 

A 28-day nutritional assay was developed for Nile tilapia (Oreochrmnis
nilotics;) fingerlings using 20 fish/15-gallon aquarium and a control diet 
of 40% mavrine f:ish mal; 40% rice bran; 10' corn starch; 9% corn meal and 
1% Afsillin (micronutrient prenix; E.R. Squibb, Manila) . ['eeding at 5% body 
weight/cay gave a moan specific daily grcwth rate (G) of 2.4, and a mean feed 
conversion ratio (17'CR) of 1.66 at ambient tcnprature (24-300 C). 

The auatic nitrogxen-fixirng fern, AzoJ.a pinnata (Bangkok strain) was 
grown in soil/water cultures in plastic Fxorls. F'ish fed on fresh Azolla 
alone at 10% and 20t boxd1y weight/day and excess lost 24-28? bxly wei(Iht over 
2L8 days, alt~hough t:]he Azol]la was readily ConsU;ic'(. 

Sun-dried Azolla was fed as a pcwder, in :C.llet forn and as a feed 
ingredient (Table ]). The results are summarized in Table 2. Grcmth res­
ponses and fooYd conversion ratios were significantly w.)rsened by increasing 
the level of dried Azolla incorporation. 

This study has revealed the inadequacy of Azolla-based diets for 0. 
niloticus fingerlings. For fresh Azolla, the high water content (averaqe
94%) may be a factor, but body weight was not mintained even when excess 
fresh Azolla was provided. Moreover reduction of the water content to about 
11% did not im)rove its nutritional value since very poor res)onses to dried 
all-Azolla diets wen:e also obtained whether presented as a r)xur or as 
pellets. fowever, feeling excess dried Azolla did turn a negative growth 
rate into a slight positive response. 

What are the nutritional deficiencies of Azolla? Although lq in fiber 
content, Azolla seems to have sufficient fiber for tilapia dietary reluire­
ments: about 8% dietary fiber is reconended for tilalia species. l1ciever, 
the protein content of high-Azolla diets was prohably sub-optimal. Other 
authors have recirn-endod 20-30% protein or higher levels. Nbreover, high-
Azolla diets have lc crude fat content. Dietar lipid is a major energy 
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source for fish and its importance in tilapia nutrition in relation to pro­
tein level is well known. it is conceivable that in high-Azolla diets, a 
substantial portion of the protein supplied by the planut was used for energy
rather than grcLth. A dietary lipid level of G-10, ha; been su.(JCsted for
nmximum utilization of protein for growth, with fish of the size used in 
this study. Pat content of the high-Azolla diets was below this level. At 
the lower Azolla inclu-sion levels (10%- and 25'.) a nimre favorable protein­
lipid balance was probably achieved. 

It is also posUsble that high-Azolla diets are deficient in one or 
more specific nutrients: for example, lysine and mithionine among the 
essential amino acids;. Analyses are being perfori-ix] on fresh and (di.] M 
Azolla to investigate this. Essential dietary lipids i:iy also be limtiting
and the high ash content of Azolla my have deleterious effects. 'There also
remains the [Xss Li1.itiy tihat digestion iniibi.tors ;uch as anti. t','l - ,.ac. 
present in fresh and it-LOCl Azolla. 

i t is difficult t-herefore to reconm eid incorporation of dried Azolla 
in 0. niloticus fingerling diets at any level. lowever supplementation 
may make this possi.ble once its nutritional deficiencies have been deter­
mined. These negative results with Azolla are important as it has been 
assui-ed hitherto that feeding fresh Azolla to 0. niloticus and other 
microphagous tilapias in fish ponds and integrated rice-fish culture is 
beneficial. It rem.ins to be seen whether the nccrophyte-fec ding til.apias,
Tilapia randalli and T. ?illii grow well on AzolLa-based diets. 

A
 



Table 1. Coprrosition (g/100g) and proximate analyses of test diets offered to Orec-chrnis niloticus fingerlings:
DA = dried Azolla; DAP = dried Azolla pc der; CP = control pellet mix. 

Diet No. 1 2 3 4 5 6 7 8 9 10(DA: CP ralio) (100:0) (100:0) (100:0) (100:0) (90:10) (75:25) (50:50) (25:75) (10:90) (0:100) 

Dried Azolla poa.&er 100 100 95 95 90 75 10 ­50 25 


ish real .... 4 10 20 30 36 40 

Rice bran .... 4 10 20 30 36 40 

Corn meal .... 
 1 2.5 5 7.5 
 9 10
 

Corn starch ­ - 5 5 0.9 2.25 4.5 6.75 8.1 9 

Af-si llin* 
 - - 1 1 1 1 1 1 1
 

tisture (%) 11.21 11.21 10.14 10.14 
 9.89 10.74 13.82 14.58 14.26 11.92 

.-h (%.) 33.46 33.46 27.91 27.91 27.81 27.46 19.91 14.89 12.98 10.14 

Crude fat (N) 3.30 3.30 3.38 3.38 2.89 3.22 5.41 7.31 7.45 12.41
 

de protein (%)
.- 13.38 15.38 14.34 14.34 
 13.71 15.71 20,.78 21.58 25.32 33.8
 

Cruade fiber (%) 7.16 7.16 
 7.63 7.63 7.52 6.98 4.54 4.26 
 3.24 4.57
 

:itrogen-free extract (%) 29.49 29.49 36.60 36.60 38.18 35.89 35.54 37.38 36.75 27.09 

*(micronutrient pre.Tix: E.R. Scuibb and Sons, 1-anila) , pegged at 1% in mixed diets. 

C) 



Table 2. Results of feeding various test diets containing dried Azolla to Oreochromis :-iloticus fingerlings induplicate 15-gallon aquaria (20 fish/aquarium) for 28 days: CP = control pellet mix; DA = dried Azolla; DAP = dried Azolla pco'der; FCR = feed conversion ratio; G = specific daily gra.vth rate (%): means and standard errors (+). 

Diet No./Feeding 
rate (% body 

weight/day) 

1. DAP/5% 

2. D.A/excess 

3. DA pellets/5% 


4. DA pellets/10% 

5. 90% DA:10% CP/5% 

6. 75% DA:25% CP/5% 

7. 50% DA:50% CP/5% 

8. 25% DA:75% CP/5% 


9. 10% DA:90% C/5% 

10. CP/5% 

• Ve-. high due to excess feeding. 

Initial 
weight 


(g) 

1.38(0.03) 

1.18(0.23) 


1.37(0.09) 


1.52(0.12) 

1.06(0.01) 

1.40(0.08) 

1.32(0.11) 

1.32(0.28) 

1.34(0.16) 

1.45(0.13) 

Final 
weight 


(g) 

1.26(0.04) 

1.45(0.04) 


1.23(0.08) 


1.36(0.01) 

1.29(0.18) 

1.40(0.04) 

2.04(0.06) 


2.32(0.49) 


2.85(0.13) 


3.39(0.36) 


G
 
(%) 

-0.34(0.05) 

0.83(0.75) 

-0.40(0.01) 

-0.39(0.26) 

0.65(0.71) 

0.00(0.10) 

1.58(0.41) 


2.01(0.00) 


2.71(0.59) 


2.03(0.06) 


FCR 

117(106)*
 

-


-

-

-

3.31(0.80)
 

2.34(0.13)
 

1.77(0.27)
 

1.48(0.05)
 

http:1.48(0.05
http:1.77(0.27
http:2.34(0.13
http:3.31(0.80
http:2.03(0.06
http:2.71(0.59
http:2.01(0.00
http:1.58(0.41
http:0.00(0.10
http:0.65(0.71
http:0.39(0.26
http:0.40(0.01
http:0.83(0.75
http:0.34(0.05
http:3.39(0.36
http:2.85(0.13
http:2.32(0.49
http:2.04(0.06
http:1.40(0.04
http:1.29(0.18
http:1.36(0.01
http:1.23(0.08
http:1.45(0.04
http:1.26(0.04
http:1.45(0.13
http:1.34(0.16
http:1.32(0.28
http:1.32(0.11
http:1.40(0.08
http:1.06(0.01
http:1.52(0.12
http:1.37(0.09
http:1.18(0.23
http:1.38(0.03
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Project Title : Tilapia Incubation Systems 

Cooperating Institution The College of Fisheries of the University 
of the Philippines in ihe Visayas (UPVCF), 
through its research aim, the Institute of 
Fisheries Development and Research (IFDR) 

Duration : May 1982 - Dece7iber 1983 

Key Personnel ICLARM 
UPVCF/IFDR 

: 
: 

Dr. 
Dr. 

Roger S.V. Pullin 
Gaudiosa J. Alniazan, Mr. Ramon R. Agba­

yani, Mrs. Teresita A. Manalo, Ms. Ma. 
Theresa B. Trono, Ms. Aurora F. Angeles 

Objectives 

" To investigate the factors affecting survival of tilapia eggs and 
larvae in a variety of artificial incubation systems using water 
flow, aeration and inchanical movement. 

" 	 To design tilapia egg and larval incubators to give maximum survival 
under tropical developing country conditions. 

To invesLigate the use of disnfectant-s on tiiapdil eggs, as uL;s(d for 
disease control. in salmonid egg shimerit. 

Results 

The artificial incubation of tilapia egjgs is now an established practice
in 	 a nLumber of corrinercial hatcheries in Taiwan and Israel. This project has 
made progress tcxvards an incubator design for situatiorts in which electric 
power supplies are uavailable or unreliable and on development of a system
for continuous supply of tilapia fry from eggs collected at various stages of
 
development from mouthbrooding female Nile tilapia (Oreoc-ronis niloticus) . 

A variety of incLbators have been tested using water upflow in jars and 
funnels, with or without supplementary aeration. Hatching success rates 
were generally unsatisfactory, averaging 27% (water flow only) to 39% (water
flow + aeration) with very high larval nortali ties thereafter. These were 
attributed to excessive novenent from poorly controlled water and air-flow,
and frequent power failures. A system similar in principle to salmonid egg
incubation in which egs and larvae were maintained in a shallow trough with 
water flow-through and no aeration gave superior results (average hatching 
success, 50% and larval survival to free swimiing. 35%) and similar results 
were obtained Lusing aerated basins (average hatching success, 577 and larval 
survival to free swhimting, 35%). 

An interesting new development was the construction of a cylindrical
incubator (Fi.g. 1) rotated by a small waterwheel, and therefore independent
of power supply. 'Tis device was conceived as a "rolled up version" of the 
shaker table, which is a well-known type of fish egg incubator (the mechanical 
movement of eggs ensures adequate oxygen supply and discourages attack by
fungi. and other pathogens) . The incubator has provision for three "life 
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support" systems - aeration, water flow and mechanical movement, on the
assumption that any one of these can ensure survival if the others fail. 
Initial trials haj given hatching successes of up to 84% but larval sur­
vival to the free swinrning stage has been very poor (0-14%). This has con­
firmed the 1982 project results that mechanical damage to larvae can be a
 
serious problem in incubation systems. 

The general conclusion from this work is that an optimum incubation 
system should utilize mechanical movement for eggs and static devices for 
larvae. This necessitates design of a large-scale systn for continuous 
input of eggs (collected at various stages of development) and continuous
 
output of fry, incorporating an automatic method of separating hatched larvae 
from unhatched eqgs. Attempts to achieve such separation by mechanical 
methods (sieves in the rotating incubator) and a behavi.oral response (the
swim-up reaction of lavae to reduced oxygen, obtained by a nitrogen
"pulse" down the aeration line) have so far proved ursuccessful. Data on 
the use of iodophore disinfectants to treat tilapia eggs are still being
 
analyzed.
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Project Title : Research and Workshop on the Economics 
of the Philippine Tilapia Industry 

Cooperating Institutions Philippine Council for Agriculture and 
Resources Research and Developm.nt
(PCARRD) and several other research 
groups and individuals 

Duration : 1 year, ending with a workshop in August 
1983 

Key Personnel ICLAM : Dr. Ian Smith, Dr. Pexjr S.V. Pullin, 
Ms. Luz Yater, Ms. Eima Escover 

PCARRD Dr. Elvira Tan 
Researchers from various Philippine 
institutions 

CbJectives 

The Philippine tilapia industry has clear potential for providing income 
to smal1-scale producers and protein to consumuers. IIcever, an economic ana­
lysis was needed to document its current structure, the response of producers 
to potential profits and the response of markets to recent increases in pro­
duction. Possible constraints to further expansion of the industry need to 
be identified, whether they be in the formn of input (feed and seed) supply
limitations and costs, overcrowding of available production areas, distribu­
tion bottlenecks or lhited market absorptive capacity. An in-depth analysis
of selected production and marketing systemis based on data provided by pri­
vate input suppliers, producers and middlemen was necessary due to the short­
age of reliable secondary data on tilapia. This analysis was especially im­
pxortant to guide government agencies such as the Ministry of Human Settlements 
which, through its KNz7:,zang KabidlaLa11 ,It K(UOILuwt(m [National Livelihood Pro­
gram] (1 1(), is encouraging private investnent by small-scale producers in 
tilapia production, particularly in cage-culture systms. 

Results 

PCARRD and ]CIAPRM provided small grants to about one dozen researchers 
throughout the Philippines, each of whom conducted research on a selected 
topic related to the tilapia industry. Studies included those on hatcheries, 
cage and pond culture, rice-fish culture, backyard fishponds, marketing and 
conuLnity case studies. The results of these research projects were pre­
sented and discussed at a very successful PCARRD-ICLARM workshop in August
1983. The published proceedings are expected to provide the first compre­
hensive analysis and overvieM of the Philippine tilapia industry. 

The economic analyses presented at the workshop provided an extremely
encouraging picture of this dynamic industry. Fueled by increased consumer 
acceptance of tilapia, all participants in the industry, including small­
scale hatchery operators, grow-out farm and cage operators and ikarketing
intermediaries earn high profits. Nevertheless, several serious problems
face the industry. Pair-Eunt axrong these are deterioration of brood-stock 
and consequently poor jual ty fingerlings in several locations. Lack of 
appropriate feed for cage culture is a further constraint. Also overcrowding 
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of some small lakes with cages has occurred. Ifigh consumer dr,:and prevails
primarily on the northern island of Luzon in the Philippines and production 
is thus somewhat limited in the southern part of the country. The workshop

participants unanimously endorsed the establishment of a national broodstock
 
management center which would seek to maintain and genetically improve tilapia
broodstock in the country.
 

A sLumary report of the workshop will be published by the end of 1983
 
to be followed later in 1984 by the edited proceedings. Several aspects of

tilapia economics work are continuing under the initiative of individual
 
researchers, including those of ICLAUE (see p. 57).
 



Table 1. Tilapia introductios in the Philippines (1950-1982). 

Species Year Origin Agenc, responsible 

Oreochrxis mossambicus 1950 Thailand Bureau of Fisheries and Aquatic Resources 

0. hornort- x 0. mossa.-bicus 1971 Singapore Private Sector 

C. nilotic-s (Uganda) 1972 Israel Larma Lake Development Authority 

0. niloticus (Ecvpt) 1972 Thailand Bureau of Fisheries and Auatic Resources 

Tilapia zillii 1973(?) Taiwan(?) 

0. aureus 1977 USA Central Luzon State University 

n0-otcs (Ghana) 1977 Israel Central Luzon State University 

0. niloticas (-hana) 1977 Singapore Bureau of Fisheries and Aquatic Resources 

0. aureus (Israel) 1977 Singapore Bureau of Fisheries and Aquatic Resources 

0. a ureus (Israel) 1978 Singapore Southeast Asian Fisheries Develop.ent Center 

0. niloticas (-hana) 1978 Singapore Southeast sian Fisheries Dev-'e2pment Center 

Reid tilapia (hybrid) 1979 Taiwan Southeast Asian Fisheries Develourent Center 

Red tilapia 1981 Taiwan Private Sector 

0. aureus (Israel) 1982 Israel Private Sector 

0. niloticus (Ghana) 1982 Israel PriVate Sector 

Red tilauia 1982 Taiwan Private Sector 

Source: -aerrero, R.D. III. Tilapia farring in the Philipp2ines: practices, problems and prospects. Paper 
presented at Tilapia Economics Workshop co-sponsored by PCAFPD and ICLuPY. 10-13 Auqust 1983. Los Banos, 
Lacqrua, Philippines. 



Table 2. Relative physical and econanic efficiency of privatey-cned tilapia hatcheries in Laguna and Pizal Provinces,
Philippines (1982, by farmn size). 

Farm size 10,000 m2 
2<1,250 M, l,21S*-4,999 m 5,C00-9,999 m2 or more All fa.r-

Average area (n 2 ) 658 2,112 9,300 26,450 3,900

Average pond size (m-) 165 235 465 2,645 557
 

Total anna! fingerling profuction 
per farm 81,700 141,800 919,200 3,841,20 488,2002
Production per 100 m 12,416 
 6,714 9,884 14,522 12,518
 

Gross revenue per 100 m ( ) 1,3062 
636 1,165 1,774 1,474Fixed costs per 100 m2 75 60 47 80 722
Variable costs per 100 m 730 545 692 789 732
2
* feed expenditure per 100 m 369 172 307 297 284
* fertilizer expenditure per 100 im 482 27 174 14 37Net revenue oer 100 m2 (y, - 501 31 426 905 670 

Average production cost per 
fingerling ( )


* fixed cost .006 .009 .005 
 .005 .:':6

variable cost .06 .08 .07 .05 .- 6

* total cost 
 .065 
 .09 .075 .06 . 64
Net revenue per fingerling ( ) .04 .005 .04 .06 

1 Does not include income fr. ccrr.ssions. In 1982, P8.50 = US $I.CC. Source of above data: Yater, L. and I.R. 
Sinith. Econciics of private til-i_ hatcheries in Laguna and Pizal Provinces. Paper presented at PC2D-7.i?:-
Tilapia Econoics Workshop, 0-3- ugust 1983. Los Bainos, Laguna, Philippines. 
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Project Title : 	Milkfish Production Dualism in the 
Philippines: A Socioeconoinic Perspective 

Cooperating Institutions : 	 Bureau of Agricultural 1,conomics (BAEcon), 
Ministry of Agricultrt , Philippines; 
Bureau of Fisheries an. T.ratic Resources 
(BFAR), Ministry of Natural Resources, 
Philippines; Food and Aqri.uilture Organiza­
tion (FAD) of the United Nations 

Duration : 	21 months, 15 July 1981-15 April 1983
 

Key Personnel ICLARM : Dr. Kee-Chai Thlong, Dr. lan R. Smith 
BAEcon : Ms. Maura Lizarondo 
BFAR : Mr. Cesar Guerrero 

Objectives
 

As part of its continuing effort to i)rove yields per unit area from 
Philippine milkfish fans, the Bureau of Fisheries and Aqjuatic Resources 
and UNDP/FAO established four Brackishwater Aquaculture Demonstration and 
Training Centers in the four different clinmte zones of the country. One 
of the basic purposes of these Centers is to denosistrate that it is econo­
mically feasible to increase yields by intensifying tie Use of supplementary 
inputs, particularly fertilizers. 

The majority of the counLtry's milkfish farmers continue to rely on ex­
tensive mthods. 'Ihe pipose of this .CLAM/i1/3Econ,'I3IAR study, which was 
supported by a grant from FAG, was to examine why milkfish farmirs have not 
been adopting tie available technologies at a more rapid rate. The study 
hypothesized that a mixture of physical, socioeconomic, technical and insti­
tutional factors constrain the majority of producers (but not all) and that 
as a result a dualistic structure exists in the industry. The analytical 
mrodel sp-cified for the study was placed in the broad context of various 
theories of'agricultural stagnation and growth.
 

The project had two phases. The first was tW pre[..re a report for 
FAO on the results of an extensive survey of producers in selected pro­
vinces in the Philippines conducted in late 1981 and early 1982. Tle 
second phase was to conduct a series of seinars for BFAR extension per­
sonnel, based upon the results of this project's and earlier surveys of 
produicers. 

Results 

The final report for the first phase of this project was sulnitted to 
FAD in mid-1983. The report confirmed information previously published that 
Philippine dlkfish ponds are generally underutilized. Perennial lcwi milk­
fish yields from under-utilized brackishwater ponds were thought to Ibe pri­
marily the result of the difference between fertilizer application rates 
followed by most milkfish farnTers and those higher rates which would dupli­
cate the results achieved on experimental farns and also on a small number of 
private farm. 
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The study focused on farmers' perceptions of constraints. Data were 
collected from 447 mtilkfish farmers in seven provinces. Additional data
 
from a previous survey involving 324 farmers from seven provinces were also
 
included. Using multiple regression techniques, 8 of 56 explanatory vari­
ables explained 73% of the variation in fertilizer expeniture. The four 
explanatory variables which were statistically significant at tile 1% level 
were: ratio of milkfish price to organic fertilizer price, ratio of milk­
fish price to inorganic fertilizer price, interest in working on other milk­
fish farms and belief in the effect of fertilizers on the taste of milkfish. 
The other four variables, significant at the 5% level were: salinity of pond 
soil sample, interest in seeking consultation, family size and farners' esti­
mates of a "fair" collateral requirement for loans. 

Based on these results it was concluded that milkfish farmers are res­
ponsive to relative prices of inputs and output and adjust their fertilizer 
expenditure accordingly. However, high costs of credit and of organic 
fertilizers in some locations coupled with declining real prices of milkfish
 
inhibit many farmers from increasing fertilizer use. 

One major reason why milkfish farmers were not applying more fertilizers 
was because they claimed not to have the necessary financial means to cbtain 
them. A dual-pricing fertilizer subsidy scheme to encourage more intensive 
use of fertilizers merits an evaluation by the government to determine its 
practicality. Increased credit for operating capital, in contrast to credit 
for investment capital, should also be considered. Along with dual pricing
 
for fertilizers and increased credit for production, there is also a clear
 
need for the government to strengthen and increase the nobility of its 
information dissemination and extension service. Level of contact between
 
farmers and extension workers was low and few, if any, farmers had published 
materials which would explain the advantages of intensified fertilizer use. 

While the nilkfish industry as a whole appeared to be undergoing trans­
formation to higher average yields and not stagnating, the report concluded 
that strengthened institutional support (e.g., credit, extension and infonna­
tion disseidnation) is necessary to accelerate development of the industry. 

The second phase of this project involved the preparation of a series 
of short courses for BFAR extension officers based on the above findings of 
the first phase and supplemeanted by additional concepts of farm management 
and production economics. Between January and March, Dr. Kee-Chai Chong 
conducted a total of 12 such short courses for over 300 extension agents 
and supervisory staff. 
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Table 1. Summary of constraints to intensification and possible 'action steps' to 
overcome_ them. 

Category Constraint Primary action steps 

1. Those related to relative 
prices of output and in-

High cost of capital Production credit. 
reform to minimize 

Institutional 
red tape. 

puts 

Fertilizer shortage 
and high prices 

Encourage poultry farming. In­
put subsidies arid dual pricing 

(selected provinces) subsidies. 

Low cost of mangrove 
land which encourages 

Strictly enforce the mangrove 
conversion moratoriui. 

extensif ication 

2. Those related to the tech-
knowledge of producers 

Low contact with 
extension workers 

increase mobility of extension 
officers and contact hours with 
farmers. 

Poor information Make available more handouts 
dissemination and improve distribution net­

work for written extension 
materials. Translate technical 
materials into local dialects. 

Belief that ferti-
lizers impart bad 

Taste tests in selected pro­
vinces and dissemination of 

taste to marketable results through media outlets. 
nilkfish 
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Fig. 1. :Iilkfish yield gaps in the Philippines. 
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Fig. 2. Types and average quantities of fertilizers used (kg/ha/yr) in milkfish
 
culture by farm size (ha) in the Philippines.
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Project Title : 	 Economic Analysis of the Tilapia 
Industry of Taiwan 

Cooperating Institution : 	 National Chuncl Ising University, 
Taichung, Taiwan 

Duration : 	 1 year, beginning July 1982 (first phase) 

Key Personnel
 
Natl. Chung I1sing Univ. Dr. Lee Chaur-Shyan
 

Cbjectives
 

The general objective of this study, which is part of TCAR's colla­
borative research on tilapia with the Council of Agricultural Planning and 
Developwent (CAPD) in Taiwan, was to analyze the economics of the Taiwanese 
tilapia industry based on secondary data. The one-year first phase developed 
an overview of the industry in terms of (1) regional distribution of current
production; (2) classification of different rearing systems by species; 
(3) numers and locations of feed and fry suppliers; (4) markets, marketing
practices and prices; and (5)major government policies and policy issues. 
Dr. Lee's report has been copleted in Chinese and is currently being trans­
lated into English. The report documents the rapid growth of tilapia pro­
duction in Taiwan during the past few years and the species' popularity with 
domestic consumers and export markets in Japan. 

A second phase nmay be initiated in 1984, depending upon availability of 
funds and will consist of an in-depth analysis of selected input supply,
rearing systems and nmarketing sectors of the industry. 
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Project Title : 	 Aquacultural Trends and Development Pros­
pects: Country Case Studies 

Cooperating Institution : 	 Studies are inlividually con nisr;ionecd 

Duration : 	 First country case rtudies began in 
mid-1981 

Key Personnel Taiwan : 	 Dr. Lee Chaur-Shyan, National Chur Hsing 
University
 

Israel : 	 Dr. Dan Cohen, Iclruaculture Production Tech­
nology Ltd. and IlebrcW University 

Objectives
 

There is an imlortant role for research institutions such as 1CLAI;V to 
play in clarifying Whe potential for and the impact of- aquacultural develop­
rrent in develojingJ countries. The rnojor socioeconoinic issues that need at­
tention in tLii.; c()ntext are those related to technolo:jy transfer and con­
st) lints; to it; adoption, ltarkot px)tential, externalities and comxtition 
witi other sectors, and e ,uity and di s trtibution of benefits from expanded 
aquaculture-- prcduction. These can best be addressed at the national level. 
As 7u initial ;tep, IC[APNM commissioned two case studi-es in countries where 
aCquaclttu-e is_; an inqort-unt activity and where data are available to permit 
analysii: wit-,out resortLn to extensive f ield surveys. 

Results 

Studles in Taiwan and Israel were ctrnu.ssioned in 1981. in both con­
trier;, developmnontal constraints are already apparent. Competition for aqua­
cultural inputs has increased from other sectors, such as for water in 
Israel. Industrial develoiiont has created rural lalbr shortages and pollu­
tion probleiit; in Taiwan. Also, international irirket changes have resulted 
in sIxcies shift.s in lxoth countries. The Taiwanes, iimanuscript is currently 
in press; the Israeli irvnucript is expected by the end of 1983. 

The aguacrl ture sector in Taiwan is undergoing dynamic growth and by 
1982, a p ro:.:irntely 201 of total fisheries proxduction of alnost 1 million 
torunes ca iw fa aquaculture. Since 1978, much of this increased aquaculture
v-rOdcucti)nl f11is been for the export market. In fact as real 1cr capita incomes 
lave risen, dcuiestic fish protein consumption has levelled off in recent years 
at sliqhtly less than 40 kq annually and per ca.i ta tw-!at coiLstumption is now 
q tLI I aL f i A 1).grea ter in of (Table 

InnTa iwdn, between 1965 art 1 982, ijrac] isf; wat r ar(!,i e:-:andt by 1(' 
to over 20,000 hectares while freshwater area rncreasaI. by 230% to 17,650 ha. 
Milkf.<sh production ftar brackishwater ponds intcreased until] 1969, but dcc­
i ted ral i.(tly l,/ 1982 to 85'. of LIe l -duict ion l., ev l 8 y1ar ca1: (rlier. 

'I'le recent dcc.ine wa. olffs.,t lart:i.aliy by u:;r, of I r-hw, Lter 1x) iri: foI 
milk.ish production. In 19H32, 651 ha of fre: ;h 1l-wrl- _r (3-mote rL) l Is 
.:)r(dluceLN (,104t 	 of r: lkf i:;h, an =avera '(.1. Ia y ld of- :,v'r 9 t-. In 
contras;t tW I~e, iHi t levell.ini off of LoLi btioltal ;iwI i I.ColluteOll, 
freshwater lpnd production increased by 841% between 1965 and 1979. 7Olll] 
with increa:;ed rJAoUC t:ioli fl n coasLai." and r(nervoi r cil] lture, this i nrr;e 
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in production of freshwater species, particularly tilapia, reduced milkfish
share of the aquaculture sector in Taiwan from 51% in 1965 to only 14% by1982. Milkfish production as a percentage of total production fral the
brackishwater area has declined from 92% in 1965 to 46%1, in 1982 with thebalance now providud* pr inrily by shrim)s and crals. W,,Ihile the aquaculture
sector is thus gci-cing rapidly, canparatively speaking the ilkfish whichhistoricall.y was Utie 
passed by tilapia. 

premier cultured species in Taiwan, has ncya been sur-

Mkich 
economics 

of 
of 

the explanation for this shift can be found 
rearing these speciee; tilapia farming Ls c

in 
urre

the 
ntly 

relative 
much More 

profitible tian milkfish fa1ii.ing. Furtheriyrre there is sane evi dence ofchanging consmier pro l:e rences especially anong tie young jeneration away
froin the xony milki ish. Nevertheless, recent develop)mnts, which indicate
that a re5j X)Ibive aquiculture sector can fil thIe ni (he of a sLLi1izud ifnot declining captuie fisheries sector, are extremely encouraging. 

\l;Z
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Table 1. Changes in per capita income, per capita fish consumption and per capita consumption
of other selected protein products in Taiwan, 1955-1980. 

Peal per capita Per capita consumption of selected protein products (Kg)
Year income (1976 NT$) Fish Mat Eggs Vegetable/fruits 

1955 11,895 18.7 16.3 1.7 72.0
 

1970 26,582 34.2 25.3 4.1 130.1
 

1976 39,468 35.3 31.6 5.9 180.5
 

1977 42,167 35.1 35.3 6.3 179.8
 

1978 46,295 36.5 36.1 7.6 169.3
 

1979 48,921 38.1 40.3 7.8 194.1
 

1980 50,095 38.7 39.6 8.0 199.7
 

Source: Taiwan Food Balance Sheet and Taiwan Statistical Data Book as reported in Lee, C.S. 
(In press). Nfiaculture trends ar.d developme-nt prospectL in Taiwan. TCIARM Studies and 
Revicws. 

VO
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Project Title : Economics of Snakehead Culture in Thailand 

Cooperating Institution : National Inland Fisheries Institu
Bangkok, Thai land 

te (NIFI), 

Duration : 16 months, March-June 1983 

Key Personnel ICIARM 
NIFI 

: Dr. Edward W. McCoy 
: Dr. Maili Boonyaratpalin 

Objectives 

This research project had two parts. The first was the study of the
 
econanics of aquacultural production of snakehead (ChnnS.triata), an im­
portant freshwater fish in Thailaw1. The second was an analysis of the com­
petitive structure of the market for trash fish, the most important food 
source for cultured fish in Thailand. Craowth and changes in the industry
 
were analyzed from secondary data. Production functions and short- and long­
run cost functions were estimated from primary data and producer response to 
varying changes in both demand and cost of inputs was estimated. A descrip­
tive analysis of the trash fish industry was also conducted. 

Results
 

The study was conducted in six provinces of Thailand with data collected 
through a survey of randomly selectedI producers. Analysis of variance, mul­
tiple regression techniques and simultaneous-ecquaLion systems were used in 
analyzing the data. The project report has been written in Thai and is pre­
sently being translated for later publication.
 



39 

Project Title : 	 Intensive Mariculture of Tilapia 
Cooperating Institution : Mariculture and Fi-heries Department, 

Kuwait Institute for Scientific Research 

Duration : 	 3 years beginning January 1982 

Key Personnel ILARM : Dr. Kevin D. Hopkins 
KISR : Dr. Tani Al-hmiad 

Objectives 

" 	To screen and select species and hybrids of tilapias suitable for 
intensive culture in coastal zones. 

" 	To develop suitable methods for the mass production of tilapia fry
under conditions existing in arid lands. 

" 	 To evaluate intensive saltwater growout systems for tilapia,
including cages and raceways. 

Results 

Initial yield trials with Oreochromis aureus and 0. spilurLus in seawater raceways were completed in April 1983 after approximately 240 days of culture. 
The species showed comarable grcwth rates until water temperatures droppedbelow 250 C wlhen 0. aureus growth almost stopped (Fig. 1) . Additionally,
0. 	 aureus were susceptible to 	a chronic infection caused by a bacterium,
tentatively identified a 	 Thus, spilurusas Vibrio sp. 0. appears to ne asuperior candidate for seawater culture under Kuwiaiti conditions. Yield
trials with large haknd-sexed nmles of both species and sex-reversed males are 
currently underway. 

A brackishwater (3 ipt) fingerling production system consisting of 4 m2 
brood tanks, up--flow incubation bottles made from inverted 750 ml mineral 
water bottles, and 450-liter conical tanks for sex-reversal was constructed in
 
a shaded greenhouse. During the approximately 120-day fry production season
in 	1982, 4 0. aUreus fry/m2/day were collected by sweeping the margins of the
brood tanks with flie mesh nets. In 1983, eggs were collected weekly fromioiuthbrooding females and incubated in the "up-flow" bottles. Yields in thefirst 90 days of the 1983 season were considerably higher than in 1982
(Table 1). 0. aureus produced 19 fry/m2 /day, but 0. .pilurus in brackish­
water showed th-e highest potential followed by a red tilapia from Taiwan.
The 0. aureus 9 X 0. spilurus 6 hybrid reproduces at essentially the same 
rate as 0. aureus X 0. aureus but tie reciprocal hybrid cross, 0. spilurus
9 X 0. aureus has proved unproductive. 

An experimental simple recirculatincg system for tilapia wts constructed
and tested using brackishwater, again 3 L . The system uses artificial aera­
tion to supply all of the oxygen requirements and r"n(c" water is added to
dilute metabolic byproducts and other wastes. rThe b-isic design consists of 
a cylindro-conical tank with external airlifts for aeration (Fig. 2). The 
results of preliminary trials were highly promising with average monthly
yields of 2.3 to 	3.1 kg/l or 6.2 to 10.3 kcg/m 3 (Table 2). 
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In order to obtain indications of the market acceptability of tilapia in 
Kuwait, about 500 kg of live 0. aureus were sold through a retalil fish store 
in Kuwait City at $6.00 per kg. Fish ranging in size from 150 g to 800 g were 
readily sold. About 50% of the customers were Ecgyptians who were already 
familiar with tilapia while 8 other nationalities, including Kuwaitis, also 
bought the fish. 

Table 1. Production of tilapia fry by egg collection and incubation in "up-flcxi 
jars" in brackishwater, 3 ppt. 

Species Stocking rate Fry/day 
29 6 kg 9/m 2 per m perkg 9 

aureus X aureus 0.870 19 22 

aureus X s) i lrin1; 1.005 20 20 

spilurus X aurets 0.475 3 7 

spilurus X spilurus 0.595 1.11 187 

spilurus X spilurus* 0.205 6 27 

red X red 0.338 40 119 

* In seawater 
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Table 2. Loads, densities arid yields of Oreochrcmis aureus attained in 118 
days using three water exchange rates. 

Water exchange rates (times p-er day) 
3 5 7 

Load (kg/i/min) 

ILitial 19.3 11.4 7.9 

Mean 26.6 20.6 14.6
 

Final 31.5 22.4 16.6 

Density (kg/m 3 ) 

Initial 38.7 38.0 37.0
 

Mean 53.7 58.0 57.6 

Final 63.0 74.6 77.5 

Monthly mean yields 

kg/m 3 6.2 9.3 10.3 

kg/l/min 3.1 2.8 2.3 

(
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Fig. 2. Schemtic diagram for a simple recirculating system
for tilapia culture: 1. 50-nm internal diameter (MD) PVC 
turndown pipe/drain; 2. 500-nmn ID PVC airlift; 3. air 
supply from compressor; 4. 'new' water inlet; 5. over­
flow; 6. 450-1 cylindro-conical fibre glass tank,; 7. tank
 
support; 8. base grid.
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Project Title : Cooperative Tilapia Research Project 

Cooperating Institutions : Council for Agricultural Planning and 
Development (CAPD), Taiwan and National Sun 
Yat Sen University, Kaohsiung 

Duration : 3 years, beginning July 1982 

Key Personnel ICLARM : Drs. Chiing-Ming Kuo and Wade 0. Watanabe 
CAPD : Dr. Jen-Chyuan Lee 

Natl. Sun Yat Sen Univ. : Ms. Huang Mei Tsun, 

Objectives 

" Development of saline-tolerant tilapia strains and hybrids suitable 
for culture in coastal regions and associated technology packages 
for mass seed production and growout. 

• 	 Evaluation of survival, growth and reproductive performance of tila­
pias with potential for saline water culture in Taiwan. 

" Improvement of salinity tolerance of cultured tilapias through gene­
tic methods, such as hybridization and selective breeding, and also 
through physiological acclimatization. 

" Development of efficient feeds for growth and maturation of tilapias 
cultured in seawater, through studies on their nutritional require­
ments in varying salinities. 

Results
 

1. Development of procedures in freshwater 

Reproductive performai ice in fieshwater was first monitored for Oreochromis 
niloticus and 0. aureus. Fiom 26 March to 7 Septem)er, 27 spawnings were ob­
tained from a broodstock of 16 0. niloticus females (mean initial length, 
weight: 21.4 cm, 176 g) and 21 spawnings from 12 0. aureus females (mean ini­
tial length, weight: 21.9 an, 164 g). For females spiwning on consecutive 
occasions, the mean intervals between spawning were 26 days for 0. niloticus 
and 27 days for 0. aureus, fron broodstocks in which eggs were removed from 
some mouthbrooding females aid left in others. The mean nubers of eggs 
spawned per individual were 881 (±S.E. = 125; n = 13) for 0. niloticus and 
715 (± S.E. = 94; n = 10) for 0. aureus. 

TPhereafter, eggs were normally reinoved from the nouth of the female 
1-2 days post-spawning and incubated artificially in 1.2-1 bottles fitted 
with a perforated round disc bottom, through which was provided a continuous 
current of filtered recirculated water. Average hatching successes of 84.0%
 
(± 	 S.E. = 4.7%; n = 21) for 0. niloticus and 98.0% (1 S.X. = 1.93%; n = 3)
for 0. aureus were obtained during artificial incubation (non-fertile spawn­
ings excluded). For 0. niloticus the mean interval between spawnings was 
reduced from 40 days -(range 27-52) with normal nouthbrooding to 20 days 
(range 14-37) with egg removal and artificial incubation. 

/1/2 
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2. 	Reproductive performance of 0. niloticus in seawater and hatchery work
 
at various salinities
 

Fish from a single brood, spawned and reared in freshwater until 248
 
days old, were acclimatized to seawater (32 ppt) at a rate of 5 ppt per day.

Spawning was first observed in the seawater-acclimatized group after 272 days

although successful hatching in seawater was never achieved. 
Seawater-accli­
matized individuals of mean initial length 9.9 cmTiand weigjht 16.2 g were
subsequently distrib]uted to different salinities and their reproductive per­
formance monitored. Eggs were. artificially incubated at equivalent salini­
ties (Table 1). 
 The 	results were sinilar at 5, 10 and 15 ppt, but spawnings

were less frequent at 32 ppt. Hatching successes were similar at 10 and 15 ppt,
but significantly greater at 5 ppt, which compared favorably with those obtained 
in freshwater. However, hatching successes for 	eggs spawned at 10 and 15 ppt
were substantially below those recorded in freshwatnr. Though total egg
duction was greatest at 10 ppt, total fry production was sildlar at both 

pro­

5 and 10 ppt, due to the improved hatching success at 5 ppt.
 

3. 	 Evaluation of salinity tolerance of freshwater-sxiwned tilapia fry 

Several indices were evaluated as practical neasures of salinity tole­
rance: (1) Mdian Lethal Salinity - 96 hours (r.LS-9G) , defined as the sali­
nity at which survival falls to 50%, 96 hours following abrupt transfer; (2)
Mean Survival Time (MST), defined as the mean survival time for all indivi­
duals in an experimental group over a 96-hour }period, followi.ng al)rupt trans­
fer 	to full seawater (32 ppt) and (3) Median Survival Time (ST-,0) , defined 
as the tijir at which survival falls to 50% following abrupt transfer to full 
seawater (32 ppt) . Of these, V4ST was the iiust reliable index for assessing 
salinity tolerance. 

Salinity tolerance tests were performed on freshwater-spawned 0. nilo­ticus and 0. aureus fry of kaicwn ages from 7 through 120 days. Data were 
also obtained for 0. mossambicus 9 x 0. niloticus 6 (1?') hybrid fry from 
7-60 days old. At-24.4- 31.0C, MST values remained relatively low for
fry 	up to 45 days old in both 0. niloticus and 0. aureus, and then increased 
to maximal levels by 120 days old (Fig. 1). MXN hybri.d saline tolerance was 
similar to that of 0. aureus and 0. niloticus at 7 days, but was substantially
elevated by 15-30 days, and increased up to 60 clays old. The increase in 
tolerance with age also occurred at a much faster rate in the HXNvq hybrid.
The 45fT of 60-day DN hybrid fry (217 min.) was well above that recorded for 
either 0. aureus (64 min.) or 0. niloticus (104 in.) . Increase in salinity
tolerance appears to be more closely related to length than to age (Fig. 2).
kditional data still being analyzed indicate that salinity tolerance IS 
greater at colder tempxeratures (19-20 0 C) . 

4. 	 Incubation of freshwater- aind saline water-spawned 0. niloticus eggs in
saline water and evaluation of the salinity toler.nce of resultant fry 

Stwvival of freshwater-spawned 0. nilot icu; c.1gs incubated at val .ou::;
salini ties are shown in Fig. 3. Mortality occurred p i mar il.y (Jtn ing (alv
eniryonic development and was particularly pronounce.t in the higher sal.i­
ties. in full seawater, there was no survival during this xericxI. Survival 
generally stabilized after hatching, although somc uirtalitv continued at 

1',z
 

http:followi.ng
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15 ppt. Survival patterns during incubation at 5 and 10 ppt were very similar 
to those observed in freshwater and MST's for 6-day old hatchings revealed 
that salinity tolerance was increased with increasing incubation/hatching 
salinity (Fig. 4). 

Fig. 4 also shows that for saline water-spawned eggs, increased spawning
salinity improved salinity tolerance. Their relationship was very similar 
to that observed between MST and incubation salinity. However, at equiva­
lent salinity, early exposure (spawning) produced progeny with ccrparatively
greater salinity tolerance than those spawned in freshwater and incubated at 
elevated salinity.
 

The results suggest that a combination of genetic (hybridization) and 
non-genetic methods (spawning and incubation at elevated salinity) may allow 
the successful culture of tilapias in seawater. During the conLing year,
these techniques will continue to be evaluated and refined. In addition, the
growth characteristics of saline spawned/hatched progeny in seawater wi] 1 be
studied together with a detailed study of associated osmoregulatory factors
including blood and tissue electrolytes, amino a-'ds and tissue Na-K ATP-ases. 

The development of feeds for tilapia growout in seawater will also be 
studied. So far, nutritional assays with red tilapia (Oreochrcrnis hybrids) in
freshwater suggest that feed conversion efficiency is optimal with a 35% crude 
protein and 101 mg/kcal. protein/energy ratio feed. These studies will be fur­
ther pursued in seawater. One possibility to reduce costs is replacing fish
meal as the main protein ingredient with soyabean meal. 

The project has provided an opportunity for 6-months overseas training
for Mr. Anne Van Dam, a Masters student from the Agricultural University,
Wageningen, the Netherlands. Mr. Van Dam has worked closely with ICLARM,
CAPD and university staff on all aspects of the research. 



Table 1. Reproductive performance of Nile tilapia (Oreochromis niloticus) broodstocka at various 
salinities, 30 May - 30 August 1983. 

Mean 
interval 
 Mean Total
 

Salinity at between Mean no. of hatching egg Total 
spawning No. of spawnings eggs per spawn- success pro- fry 

(ppt) spawnings (days) ing N c duction production 

32 4 42 
 302 0 1,208 0
 

15 14 
 25 174 33.9 2,436 826
 

10 13 19 284 35.9 3,692 i,325 

5 11 17 239 47.6 2,629 1,251 

a For each salinity a group of 3 females and 3 males was maintained. 
b Total spawnings observed per group; not necessarily frcr. the same individual. 
c Non-fertile spawnings included. 
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follows: 0. aureus, Y = 20.68 + 2.12 X; R2 = 0.98; 0. niloticus,
Y = 17.32 + 2.32 x; R2 = 0.85 and the 0. mossambicus x 0. niloticus 
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Project Title : Genetic Characteristics of Food Fishes 
(Philippines) 

Cooperating Institution : Marine Sciences Center, University of the 
Philippines (UPMSC), Diliman, Quezon City, 
Philippines 

Duration : 1 year - January - December 1983 (with provision 
for extension) 

Key Personnel ICLARM : Dr. Roger S.V. Pullin 

UPMSC : 
Ms. Josephine B. Capili
Mrs. Julie M. Macaranas 
s. Ma. Josefa R. Pante 

Objectives
 

" To investigate the genetic characteristics of cultured fish stocks in
 
Philippines with initial emphasis on the tilapias.
 

" To identify electrophoretic and other genetic markers for diagnostic
monitoring of experimental and commercial cultured stocks of Philippine 
fishes.
 

" To provide information for the initiation of stock improvement projects
 
in Philippine aquaculture.
 

Results
 

Work has been concentrated on assessment of the status of experimental and
comercial stocks of Nile tilapia (Oreochrcmis niloticus), currently th]e most 
important cultured tilapia slecies in the Philippines. In experimental and 
ccmmrcial farms, Nile tilapia stocks are being called 'strains' without any
critical evaluation of their breeding characteristics, and contamination of 
many stocks, through interbreeding with the less desirable species 0. mossam­
bicus, has been suspected. 0. mossaibicus is widespread in Philippine water­
courses and water bodies. 

0. niloticus were sampled from experimental collections of cultured
'stralns' in Central Luzon and from commercial farms in Rizal and Laguna
Provinces. Samples of 0. mossambicus were obtained from Malabon and Bulacan 
province. Samples of _. aureus are still to be collected from Philippine and 
Taiwanese stocks. 

Starch gel electrophoresis was used to select diagnostic genetic markers 
for recognition of mixed stocks. The enzymes investigated were from eye,
heart, kidney and liver tissue samples: Table 1 lists the 27 loci investigated.
In addition, isoelectric focusing (ITEF) of skeletal muscle proteins on polyacry­
lamide gel (PAG) was used. It is well known that differentiation between 0.
 
niloticus, 0. mossambicus and their hybrids is difficult using electrophoretic

markers as these two species are closely related and their electrophoretic pat­
terns are very similar. 
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Here, phosphoglucose iscmerases (PGI) provided the only clear diagnostic
markers. Two loci were detected in tilapia eye and heart tissue samples
(Figure 1). PGI - 1 appears as a single band in both species. PGI - 2 also
stains as a single band, but 0. niloticus displays a slower allele than 0.
mossambicus. Ileterodimers of intermediate mobility are expressed in both 
species with proportional differences in mobility. 

However, IEF of skeletal muscle proteins provided the best diagnostic

technique. Figure 2 shows a typical PAG plate comparing samples of 0. mossam­bicus, 0. niloticus and mixed stocks. The most useful markers appear to be the
low-molecular weight sarcoplasmic calcium-binding proteins called parvalbumins.
They are characterized by acidic isoelectric points (pi! 4.4 to 5.0 in thisstudy) and are very robust markers, always showing strong, consistent staining
patterns. 
It is probable that other useful markers will appear as investiga­
tions using IEF are continued. 

Results obtained so far indicate that some experimental and commercialstocks of 0. niloticus in the Philippines are contaminated with 0. mossambicus.
Additional-sampling and analysis through 1984 will serve as a first step toward 
identification and standardization of cciiercial stocks. 
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Table 1. Enzymes investigated by starch gel electrophoresis for potential use 
as diagnostic genetic markers in assessing the purity of Philippine Nile tilapia
 
(Oreochromis niloticus) stocks: EBT = 0.2M EDTA - 0.5M boric acid - 0.9M tris 
buffer, p1l 8.6; C-APM = 0.109M citric acid and buffer adjusted to p1l 6.0 with 
N (-3 - aminopropyl) - nrpholine. 

Protein EC No. No. of Ijoci Buffer
 

Adenylate kinase (AK) 2.7.4.3 1 EBT 

Alcohol dehydrogenase (ADII) 1.1.1.1 1 C-APM 

Aspartate aminotransferase (AAT) 2.6.1.1 3 EBT 

Creatine kinase (CK) 2.7.4.3 3 EBT 

Esterase (EST) 3.1.1.1 2 C-APM 

c-Glycerophosphate dehydrogenase
 
(c-GDi1) 1.1.1.8 2 C-APM 

Isocitrate dehydrogenase (ICD) 1.1.1.42 2 C-APIM 

Lactate dehydrcjenase (LDII) 1.1.1.27 3 E3BT 

Malate dehydrcjenase (MDII) 1.1.1.37 2 EDT 

Malic enzyme (WE) 1.1.1.40 2 EBT 

PhosphogJ 'icomutase (PW4) 2.7.5.1 1 C-APM 

6-Phosphgcx luconate dehydrogenase 
(6-PC)) 1.1.1.44 1 C-APM 

Phosphoglucose isccerase (PGI) 5.3.1.9 2 EBT/C-APM 

Sorbitol dehydrogenase (SDII) 1.1.1.14 1 C-APM 

Superoxide dismutase (SOD) 1.15.1.1 1 EBT 

http:1.1.1.14
http:1.1.1.44
http:1.1.1.40
http:1.1.1.37
http:1.1.1.27
http:1.1.1.42
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Fig. 1. A. Starch gel electrophoresis of phospho-glucose iscmerases (PCI) in tilapia heart tissue.PGI-1 shows identical patterns for Oreochrorris niloticus (samples 1-5) and 0. mossarnbicus (6-10),whereas PGI-2 shows interspecific differences. B. As A. for samples of Philippine tilapia stocks:samples 8 and 10 are from hybrid stocks, the remainder from 0. niloticus. 
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Fig. 2. Tpical skeletal muscle sarcoplasuic protein patterns
of tilapias from Philippine Stocks examnined by isoelectric 
focus ing on an ,7 npholine -xolyacrvlamidu (jel plate at pll
gradient 3-10. The parvalbum-in region is designated P.
Tr.ee banding Ic;it ions are observed: a, pI = 4.4;1L, . 
4.7 and c, p 5 
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Project Title : Tilapia Seed Supply 
the Philippines 

and Management in 

Cooperating ILstitutions : Marine Sciences 
the Philippines 
Quezon City 

Center, 
(UPMSC), 

University 
Diliman, 

of 

Duration : 1 year beginning July 1983 

Key Personnel ICiARM 
UPMSC 

: Ms. Emma Escover, Dr. lan R. Smith 
: Ms. Julie Macaranas, 

Objectives 

This economic analysis of tilapia seed supply in the Philippines is acontinuation of the work initiated under the PCARRD-ICLRM Philippine Tila­
pia Economics project (see p. 16). It is also complementary to the UPMSC-
ICIARM project on Genetic Characteristics of Food Fishes (Philippines) which 
is described on p. 52). 

The primary objectives of this economics project are to analyze the
relative profitability and costs of fingerling production of various land­
based and water-based tilapia hatcheries operated by the private sector and
to compare these results with those of government tilapia hatcheries. In so doing, it is hoped that scne insights can be gained as to the advantages
and disadvantages of large government-run centralized hatcheries vis---vis
small-scale private decentralized hatcheries. 

Data for the study are gathered from surveys of land-based and water­
based hatcheries and a record-keeping project with 10 private hatchery
operators which has been underway since October 1982. Sample broodstock fromthese 10 hatcheries will be examined by UPMSC to determine their genetic
characteristics and the probable need for better broodstock management control. 

ICLARM has provided :)e seed money for this project during 1983. 
 A
proposal to cover the 19b-. costs of this economics study and t1ic UPMSC cm­
ponent of the genetics studies has been submitted to the Agriculture, Food
and Nutrition Sciences Division of IDRC of Canada. 
Preliminary discussions

with IDRC staff have been extremely encouraging and a decision is expected
before the end of November 1983. 
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Project Title 	 Controlled Reproduction and Mass Fry Pro­
duction of Ccrumercially Important Fishes 

Main Cooperating Institution 	 Council for Agricultural Planning and Deve­
lopment (CAPD) , Taiwan 

Other Cooperating 
Institutions 	 National Taiwan University, Taipei; National 

Taiwan Normal University, Taipei; Institute 
of Zoology (Academia Sinica), Taipei; Taiwan 
Fisheries Research Institute, Tainan
 

Duration : 	3 years, beginning July 1982 

Key Personnel ICLARM : 	 Drs. Ching-Ming Kuo and Wade 0. Watanabe 
CAPD : Dr. Jen-Chyuan Lee
 

Natl. Taiwan Univ. : Dr. Ho-Lieng Iluang

Natl. Taiwan Normal Univ. : Dr. Stephen H. Shih
 
Academia Sinica Mr. Y-L. Yu
 
Taiwan Fish. Res. Inst. Mr. Y-Y. Ting
 

Objectives 

" To develop improved methods for the controlled reproduction and mass 
fry production of commercially important cultured fishes in Taiwan. 

To establish pituitary banks; high quality broodstock of key species; 
techniques for induced maturation and induced spawning on demand; egg 
incubation; larval rearing; nursery procedures and defined nutritional 
an environmental conditions for optimum fry production. 

Results 

Methods for purification and bioassay of fish pituitary gonadotropins
have been developed. This is aimed at the development of a major program of 
hormone characterization and production to further our understanding of fish 
reproductive physiology. 

Attempts at induced breeding often produce unpredictable results mainly
due to the failure of culturists to assay accurately the potency of the pre­
parations used and difficulties have often been encountered in hormone bio­
assays because of species-specificity of fish gonadotropins. The system
developed under the current cooperative project in which androgen production
in rooster testis is used as a bioassay, has proved to be reliable and sensi­
tive. Fig. 1 shows a series of bioassay (dose-response) curves illustrating
results of this technique. 

Induction of gonadal maturation and spawning of the Pacific eel (Anguilla
japonica), milkfish (Chanos chanos) and seabass (Lates calcarifer), an impor­
tant cultured finfish in Taiwan, is also an important research topic. Mature 
eels have been obtained in captivity by repeated administration of the analog
of gonadotropin - releasing hormone and methods for completion of spawning 
are now being refined. The endocrinology of maturation is being studied in 
depth. 



59 

ICLARM's major role in the project is to coordinate research activities 
and also to take responsibility for research on final oocyte maturation and 
ovulation. Efforts have been made to document circadian rhythms in blood 
gonadotropin levels, blood and oocyte steroidal profiles, oocyte responsive­
ness to exogenous hormone stimulation and sites and pathways of steroid syn­
thesis/metabolism. 

Application of acquired knowledge of fish reproductive physiology for 
mass production of fry remains the main thrust of the project. Work has also 
been focused on the artificial propagation of the skipper goby (Boleophthal­
mus chinensis) and seabass. Success in the induced spawning of the former 
species has been achieved and refined methods of larval rearing and improved 
survival of fry are being developed. 

Attempts have been made to develop mature seabass broodstock by using 
piscine pituitary gonadotropin preparations and luteinizing hormone-releasing 
hormone (II-MI) analog. The artificial propagation of the seabass will be
 
undertaken when the mature broodstock has been established. 

9 /k
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Project Title : 	 Controlled Reproduction of Comimercially 
Important Marine Fishes 

Cooperating Institutions : New Jersey Marine Science Consortium; 
United States Agency for International 
Development (USAID) (Cooperative Marine
Technology for the Middle East); Egyptian
Academy of Scientific Research and Tech­
nology; Israel Oceanographic and Limnolo­
gical Research Ltd. 

Duration 
 : 1980 - 1983 

Key Personnel ICLARM : Dr. Ching-Ming Kuo
 
Egypt : A.R.Prof. El Bolock 
Israel : Hillel Gordin
 

Objectives
 

" 	To foster international cooperation between Egyptian and Israeli
scientists working on the artificial propagation of cultured

fishes, principally mullet (Mugil cephalus) and gilthead seabream(Sparus aurata). 

" To investigate the reproductive physiology of these species and
to 	apply the results in developing techniques for controlled matu­ration and spawning by endocrine and environmental manipulation. 

" To develop hatchery and nursery technology for the mass production
and distribution of high quality fry and fingerlings. 

Results 

This program of international cooperation has involved active researchprojects in Egypt and Israel and exchange visits by Israeli and Egyptianinvestigators to participating American institutions: Auburn, Louisiana
State and Texas A and M1universities. ICLARM's role has been to advise onproject development, to establish working plans, to follow-up on the progressof 	the project, and to participate periodically in the research. 

In Israel, captive gilthead seabream and mullet broodstocks have been
established. Mature mullet of 4 years and older are now being held. Ef­forts have been focused on the control of gonadal maturation of the seabreamby 	manipulation of the photoperiod regime; induced breeding (by administra­
tion of gonadotropic hormones or by manipulation of environmental conditions)
and refinement of hatchery technology, gearing tciards the mass production
of fry and fingerlings. 

To 	date, spontaneous spawning of seabream has been routinely obtainedby 	 priming injections of human chorionic gonadotropin. Efforts have beencontinued to control spawning by injections of luteinizing hormone-releasing
hormone (II-R1) analog. Procedures and systems for cqg incubation and larvalrearing have been also established. The major task of the hatchery work has 

W/ 
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been to improve larval survival through a con)rehens ive study of their ecolo­
gical and energotic requirements and the development of intensive and 
controlled culture systems for live food organisms. The mass culture of a 
naked dinoflagellate (Isochrysis sp.) and the rotifer (Brachionus plicatilis) 
have been very successful. Furtherrore, a small strain of the brine shrimp
(Artemia salina) has been mass-reared: a useful advance for feeding small­

mouthed larvae. 

Efforts have also been made to further comprehend the reproductive cycle
of wild and cultured mullet populations and the roles of various hormones. 
The artificial propagation of mullet remains a major thrust of the project. 
Parallel investigations and efforts have been made by Egyptian Scientists. 
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Project Title : Water Quality in Waste-fed Aquaculture 
Cooperating Institution : The Asian Institute of Technology (AiT), 

Bangkok, Thailand 

Duration : 2 years beginning October 1983 

Key Personnel ICLARM : Dr. John A. Cohlman 

AIT : 
Dr. 
Dr. 

Poger S.V. Pullin 
Peter Edwards 

objectives 

To determine the effects of water quality factors on fish yields in 
a variety of waste-fed aquaculture systems (manured ponds, ccinpost­
fed ponds, sewage-fed systems and waste vegetation-fed systems, 
including the use of aquatic imacrophytes). 

To investigate the chemical and bioloclical basis of fish production in 
waste-fed aqtuaculture systems, concentrating on microphagous species
(principally tilapias) depe-ndent on plankton and the detrital food­

web. 

Results 

As the project has only just commenced, progress has been limited to
planning experimental work and establishing the required livestock and 
facilities. The project will involve data collection from ATT's ongoing
sewage-fish and ccnipost-fish projects and integrated farms both on-campus
and in rural areas. AlIT has obtained extrapolated yields of up to 7 tonnes/
ha/yr frcm duck-fish culture in northeastern Thailand and 57 t/haiyr of 
microalgae in sewage-fed stabilization ponds, suitable for planktivorous
fish. Extrapolated fish yields approaching 20 t/ha/yr have been cbtained 
in concrete ponds.
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Project Title : Applied Research on Coastal Aquaculture 

Cooperating Institutions : Department of Fisheries (DOF), Ministry 
of Agriculture and Cooperatives, Government 
of Thailand and the German Agency for Tech­
nical Cooperation (GTZ) 

Duration : 3 years, December 1981 - November 1984 

Key Personnel ICLARM Drs.: Edward W. McCoy, Ponald F. Ventilla, 
Richard A. Neal, Roger S.V. Pullin, Mr. 
Michael Vakily (assigned by OTZ)

Thailand : Pairoj Lipikorn, Dr. Anant Sataya, Dr. Yong
 
Musig, Mr. Kosol Mutarasint, Mr. Kachornsak
 

Wetchakarun
 

Jectives 

" 
To 	identify technical, biological and economic constraints hindering

successful expansion of bivalve mollusc culture in 	the coastal zone,
particularly of the green mussel (Perna viridis), 
and cockle (Anadara
granosa). 

" To assist the Department of Fisheries to initiate applied research
 
aimed at eliminating identified constraints.
 

" To provide technical advice on mollusc culture, product handling
 
and marketing.
 

* 	To assist the Department of Fisheries select and develop a lead 
station for research and development work on mollusc culture. 

" 	To assist the Department of Fisheries to initiate work on intro­
duction and/or improvement of appropriate technologies for mollusc
 
farming.
 

Results 

During 1983, the first 18-month Phase of the project was completed and
 
a comprehensive report on all Phase I activities submitted to (TJZ. 

Significant progress was made towards achieving all the project's
objectives. The different bivalve species suffer from some specific and some 
ccmmon constraints to culture expansion. For the green mussel (Perna viridis)
there are technical constraints, particularly the culture method used: 
unthinned culture of natural spat settlement on poles. Thinning mussels 
during growout and the use of long line culture methods would achieve signi­
ficant improvements in production and product quality. Post-harvest handling
is poor and product deterioration is widespread. Moreover there remains a
general lack of information available to Thai producers on green mussel

biology and culture. The project is helping to remedy this. 

In addition to these technical and information constraints, three eco­
noics/marketing subprojects on green mussels were completed. 
The first
 

/10
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determined market efficiency and showed that green mussel products are not 
available nationwide. Also green mussels are transferred between coastal. 
provinces. Foor example, when mussels in Chonburi are in poor, 'tiin' condi­
tion, mussels from Petchaburi province are transported to Chonbl-i markets.
 
Furhfer narketing and production cost studies in the Upper Gulf cf Thailand
 
involved students fron the Department of Agricultural Economics at Kasetsart 
University and demonstrated a number of problems. The producer sells mussels 
by volune, using a bucket as a standard measure: 3.2-15 kg of lmusels/bucket
depending on size. The consumer purchases by weight. Product standardiza­
tion measurement problcms were encountered 
 in the initial study. Scme earlier 
reports of excessive market margins have not reccxnized these problems. A 
variety of products was investigated - small and mediun-sizedI mussels used 
for drying and large mussels sold fresh in-shell or fresh shucked. 

Low price remarins a deterrent to expansion of green mtssel culture. For 
e: ample the iarket margin/bucket from producer to whlusaler [or dried mussels 
processed into 'butterfly shape' was 6 Blaht (alxjut 27 U1. cents) . Net returns 
to producers were marginal; however opportunity costs were low. Family labor 
was utilized in processinqj green mussels to increase income. F'or the future,
there appears to be a large potential expxort norket for frozen1 mussel nmeat,
but the development of this will required attention to quality control. 

The following 3cenario has been suggest(yl fr in results so far for im[prove­
inent of g] een mussel culture: gather natural seed on collectors; transport
ie seed to lpllution-free culture areas; grc*.iout using long Line mothods 

with thilMing and uIse the s1all mtussels rem.veda for drying or [or furthier 
stocking; haluvest the long lines at optimum size bclAore spawniing; unprove
post-harvest handling preferably by rap id shucking anod icinq; develop e.qport
markets for hicjh quality frozen blocks of mussel meat. On this scenario,
local supply of bothi fresh and dried mussel would still be supplied by local 
prxlucers, however ccumvurcial markets and export would be suppliex by pro­
ducers and processors who could benefit fron econanties of scale to reduce 
cos ts. 

For the cockle (Anadara granosa), the biolajical problenn affecting the 
culture industry are seed supply auid seed survival though growout to market 
size. There is also a serious 'ack of infomation on cockle biology an(
culture. Ilowever, economic cons-L.derations ar-e also of paramount importance
since much of the Thai producti.on depends on Malaysian imxorts;. Studies are
underway to improve seed production and survival in Thailand and the cockle 
will be the major species focused during Phase II. 

Work on other species has been limited to a study on the production,
processing and Tmarketing of the short-necked clam (Paphia undulata) the most 
valuable and arguably the iinst overexploited ccrrnercial iaiv-alve species in 
Thai land and oysters (principally Crassos trea conniercialis) 

in addition to economi-cs and marketing studie(:s two very important slpecial
studies were cor-jleAted in 1983 on pollution i)robl(uiims and po;t-harvest h'andling.
A revicw of t1-e literature on pollution and die publi.c healt-I aspect-s of 
bivalve consum ption in 'T'hailand led to an analyticj]. study el trace elements 
(Table 1) in Thai bivalves and an investiiation of miicl-)hi',l. pa tlIcxn l,vels 
in culture area water :;ai!)]es and cultured nCIIIuSCs. 'tLie tr-ace ieutal results 

http:producti.on
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are encouraging and indicate no public health risks. The data on microbial 
pathogens levels are still being assessed. 

The post-harvest handling study was multidisciplinary and involved 
analysis of wastage during harvesting, methods to increase shelf-life and 
seasonal changes in the condition and biochemical composition of green mus­
sels, cockles, oysters and short-necked clams. There are clear and very 
important condition cycles associated with gonad development, spawning times 
and environmental changes such as salinity reductions. These have important
implications for harvesting times and sales value. Data from these studies 
are still being analyzed. 

In addition to these studies, the availability of information on Thai 
bivalve culture was significantly improved by reviewing existing literature, 
with translations fron Thai to English abstracts whenever possible and the 
convening of an in-country workshop. The latter comprised 25 papers pre­
sented, mainly in Thai, discussion sessions, and a tour of nmssel and oyster
production areas. This workshop involved contributions from DOF fisheries 
stations and Thai universities. 



Table 1. Surnary results of trace metal analyses in bivalve rmollusc hcaogenates from representative conmmrcial culture 

areas and markets in Thailand: all values are ranges in ijg,/g; W = wet weight basis, D = dry weight basis. 

Cd Cr Cu Fe Pb Ni H Zn 

Perna 

viridis 

W 0.15-1.00 0.03-0.19 1.5 - 2.5 34-170 0.05-0.29 0.05-0.90 <0.02-0.02 10-14 
D 0.88-6.84 0.16-0.88 9.38-15.63 179-1000 0.31-1.53 0.26-3.88 <0.12-0.12 61-77 

Anadora W 0.24-1.10 0.04-0.09 0.93-1.50 75-160 0.07-0.24 0.13-0.38 <0.02 13-20 
granosa 

D 1.33-6.47 0.18-0.56 4.89-8.75 385-1000 0.47-1.41 0.65-2.31 <0.10 94-125 
Crassostrea 

carrercialis 

W 0.40-0.84 0.05-0.10 21-38 19-29 0.04-0.11 0.15-0.53 <0.02 120-220 

D 2.05-3.82 0.24-0.59 100-181 105-147 0.20-0.53 0.60-252 <0.10 571-1048 
Paphia 

undulataD 

W 0.05-0.16 0.07-0.27 0.83-1.40 84-190 0.11-0.25 0.26-0.38 <0.02 8.4-11.0 

D 0.25-0.80 0.32-1.50 4.55-6.50 442-1056 0.65-1.39 1.35-2.00 <0.10 42-58 
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Project Title : Marketing Systems of Shellfish Products 

Cooperating Institutions Kasetsart University, Thailand; 
Department of Fishieries, Thailand; 
German Agency for Technical Cooperation 
(GrZ); International Development Research 
Centre of Canada 

Duration 

Key Personnel ICLARM : Dr. Edwavd W. McCoy 
Kasetsart Univ. : Dr. Chainnien Boonma, Dr. Ruiangrai Tokrisna 
Dept. of Fish. : Mr. Kachornsak Wetchagarun 

Cbjectives 

This project is complementary to the larger project "Applied Research on 
Coastal Aquaculture Phase I: Mollusc Culture" described on p. 64 and repre­
sents the initial activity of the Kasetsart University under the Fisheries 
Social Science Research Network. These activities are described in detail 
under the ICLAPM Traditional Fisheries program statement and Fisheries Social 
Science Research Network project description beginning on p. 82.
 

The purpose of this project is to carry out a detailed analysis of the 
shellfish mai.eting system to determine product distribution, role of mar­
keting intermediaries and price determination. Marketing efficiency will 
also be assessed. The study will be both descriptive and analytical. Iden­
tification of fresh and processed species marketed will be completed during
 
a survey of wholesale markets, restaurants and processors. Subsequent surveys
 
of marketing intermediaries and producers will be undertaken. Survey work
 
was initiated in September 1983.
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Project Title Regional Technical Assistance for Research 
and Training in Aquaculture 

Cooperating Institutions 
 A Project of the Asian Development Bank 
(ADB) , Manila involving an ICLARM staff 
consultant and additional hatchery/nursery 
experts 

Key Personnel ADB : Dr. Robert C. May 
ICIARM : 
Dr. Roger S.V. Pullin

Consultants : Dr. V.G. Jhingran, Dr. Bangalore I. Sundararaj 

(Delhi University) 

CbJective
 
Improvement of hatchery and nursery technology for the culture of 

carps (conon carp, Chinese carps and Indian major carps) throughout 
Asia. 

Results
 

Drs. V.G. Jhingran and Roger S.V. Pullin undertook missions to ADB and
associated government carp hatchery/nursery projects in Bangladesh, Burma,
Indonesia (South Sumatra), Nepal, Pakistan and Sri Lanka to advise on researchand training for the improveent of carp seed production technology. Dr.Jhingran made followup visits to selected research stations in all these
countries except Sri Lanka, to undertake experimental work timed to coincidewit~h the spawning seasons and/or early rearing of cultured carps, includingthe common carp (Cyprinus ca-pi), Chinese carps (silver carp, Hyp.ophtlial­michthys molitrix; bighead carp, Aristichthys nobilis and grass carp, Cteno­pharyngodon idella) and Indian major carps (catla, Catla catla; rohu, Labeorohita and mrigal, Cirrhinus mrigala). Dr. B.I. Sundararaj joined the re­search teams for induced spawning studies in Bangladesh and Nepal. 

Induced spawning trials were perfor;7ed using pituitary preparations,luteinizing hormone-releasing hormone analog (IIRPI-A) and steroid prepara­tions. Results are still being analyzed. Larval survival was significantly
improved at many loc L-ions by rotifer culture techniques and selectivekilling of insect picdators and crustacean zooplankton with insecticides
such as Sumitheon and Dipterex to enhance rotifer blooms. 

Full details of all improved technology will be documented and presented
at an international workshop in February 1984 in Manila and published as a
hatchery/nursery manual. 

-K
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Project Title : Economics of Shellfish Processing in 
Thailand 

Cooperating Institutions : setsart University, Thailand; 
Department of Fisheries, Thailand; 
International Development Research 
Centre of Canada 

Duration : 12 months beginning October ]983 

Key Personnel ICLAPM 
Kasetsart Univ. 

: 
: 

Dr. 
Dr. 

Edward W. McCoy 
Chamnien Boonma, Dr. Ruangrai Tokrisna 

Dept. of Fish. : 
and other faculty members 
Mr. Kachornsak Wetchagarun 

CbJectives 

This study is a sub-project of the study "Marketing systems of shell fish 
products in Thailand" (see preceding project, p. 68). Its purpose is to 
analyze the processing sector to complete the economic analysis of the 
shellfish marketing system. Specifically, the study will estimate current 
demand for raw material used in shellfish processing and to evaluate existing
techniques and potential for expanding shellfish processing in the future. 
Induscxy structure, processing costs and constraints to market diversifica­
tion will be analyzed. 

The project has been submitted to the Agriculture, Food and Nutrition 
Sciences Division of IDPC of Cawada for funding. A decision is expected by
the end of October 1983. 



71 

TRADITIONIAL FISHERIES PROGRAM
 

Background
 

ICLARM's Traditional Fisheries Program is undergoing transition.
Prior to 1983, the exclusive emphasis of the program was upon collabo­rative research with national institutions. This approach was
exemplified by snall-scale fisheries sectoral reviews in the Philippines,

Malaysia and Indonesia and by the multidisciplinary investigation of the
small-scale fisheries of San Miguel Bay in the Philippines which was
undertaken in 1979-1982. 
All of these projects are substantially complete

with final publications already out or due out soon.
 

Discussions with the International Development Research Centre 
(IDRC)
of Canada and national institutions with which both ICLARM and IDRC had
historically worked indicated that there was a crying need to develop a
 core of professional trained fisheries and acaculture social scientists
in Southeast Asia. 
The belief in the necessity of developing such a group
of professionals derived not only from the all-too-comon observation that
shortages of trained social science researchers existed but also from the
conviction of ICLARM that many of the pressing issues 
of traditional

fisheries (and small-scale aquaculture) are of a politically sensitive
nature and can thus best be addressed by national reseourchers. Thle latter
perception is due to the fact that it is no longer p-xossible to talk about
increasing the harvest from most Asian fisheries through technological

interventions, but rather management interventions must now be concerned
with maintaining the harvest and how to allocate it equitably among competing
 
users.
 

Because of the perceived need for additional social science researchers
to address complex managemnt issues in fisheries, ICLARM's traditional
fisheries program has been shifting from its exclusive focus on research to
an increased emphasis on training and development of institutional 'research
capacity' at national 'centers of excellence' in fisheries social science.
 

Progress of Work
 

As a culmination of discussions with IDRC and select universities in
Southeast Asia during 1981 and 1982, ICLARM launched the Fisheries Social
Science Research Network in April 1983. 
The network has both research and
training components. 
This network consists of Universiti Pertanian Malaysia,
Kasetsart University (Thailand) and the University af the Philippines in the
Visayas in addition to ICLAFM. 
The Social Science Division of IDRC is
funding the research component of the network's activities during 1983-1985
and additional support is expected from IDRC for a second 2-year phase.The Training Division of IDRC has provided a limited number of M.Sc. scholar­ships to the Network with additional funds for schrlarships coming from other
 
IDRC Divisions.
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Universiti Pertanian Malaysia is contributing to network goals by
offering a two-year M.Sc. in Resource Econcmics (Fisheries Specialization),

the first of its kind in Asia, if not all of the tropics. UPM also offers
 
a 5-month module course in fisheries and aquacultural econcmics and a
short course in economics for aquaculturists. With these activities
 
underway, UM is beccmning the center for professional fisheries econcinics

training in Southeast Asia and 
each of the other network institutions are

sending young faculty to UPM for training.
 

ICLA I's contribution to the network takes several forms. First,

in addition to administrative coordination of research and training grants,

we provide the network coordinator, Dr. Brian Lockwood, who is based at
 
UPM until May 1984 to assist with teaching and curriculum development.

Second, ICLARM provides technical advice to each of the network institutions'
 
research programs in fisheries social science. Third, we provide information
 
backstopping from our well-developed library and information service program.
 

The progress of the network to date has been excellent. The Malaysian
and Thai research groups have been able to attract additional funding to
camplement those available IDRC grant to the Seventhrough the network. 

faculty members of network institutions have ccmpleted or are now enrolled
 
in the UPM 
 training programs. Our only real difficulties to date have

occurred due to delays in IDRC approval 
for the second round of scholarships. 

Although this particular issues of network scholarships is likely to be

resolved soon, it points to a larger problem which has 
severely hampered
the development of ICLAFM's traditional fisheries program during 1983. This
problem is the lack of sustained funding from IC[AM sources which has made
 
long-term planning almost impossible.
 

For the traditional fisheries program to be sustained, external funding
is required for: (1) network coordination; (2) program staff at headquar­
ters; and (3) research activities. These priorities were apparent in early
1983 and efforts have been made during the year to locate possible sources
of funding particularly for the first and second priorities above; none has
met with success. IDRC and the Australian Center for International Agricul­
tural Research (ACIAR) were approached to provide support for the network 
coordinator; both declined on the grounds they could only support research and 
that it is ICLARM's job to come up with the coordinator as a counterpart contri­
bution.
 

The Fisheries Policy Planning Division ofand FAO and ICLARM held
several discussions dufing the year which led to the submission of a major
5-year project proposal "Management Options for Tropical Small-Scale 
Fisheries in Asia" havethat would involved ICLARM headquarters staff and 
national researchers. 
Negotiations broke down over the unwillingness of
 
FAO to initially consider covering ICLARM staff costs and to their later
demand that the work be completed within the current calendar year. ICLARM 
withdrew the proposal and has not yet formally submitted it elsewhere. 

Some limited progress was made to generate inccme to ICLARM thdrough
consulting work in small-scale fisheries. First, ICIUARM signed a US$50,000
contract with USAID (Philippines) to provide 145 man-days of consulting
time (J. Munro, I. Smith and D. Thomson, consultant) for a joint USAID­
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Farm Systems Development Corporation project to introduce gasifiers and
ice-making plants in remote Philippine fishing cainunities. Second,

Dr. Lockwood will spend one month 
 later in 1983 undertaking a survey of
socioeconanic data collection and information systems for fisheries in

Malaysia, Thailand and the Philippines on behalf of FAO. However useful

financially, these activities and others of a similar nature we
that have

had to turn down due to lack of time, fall far short of providing the
 
necessary inccme to sustain ICLARM's traditional fisheries program. 

Conseuently, 1983 turnedhas into a year devoted largely to comple­tion of projects bequn since 1979. All five San Miguel Bay reports have
 now been completed and four have been published. The impact of this
 
project continues to be considerable, especially in the area of the
multidisciplinary research methodology 
which has already been adopted byother institutions in their own research program-s. The Indonesian Review
manuscript is substantially ccmlete and fi-nal chapters for tlie Malaysian
Review are now underway after scie considerable delay. Technical Report 1.2,"A Japanese joint venture: worker experience and national develoJent in 
the Solomon Islands" by Sarah Meltzoff and Edward LiPum was pLiblished in
October and initial response has been highly favorable. The Pisheries
Ecoroics Reader (2 volumes to be published by the Obor Foundation in
Bahasa Indonesia) is now almost ready for press with all buL 2 of 26articles now translated. Finally, a Fisheries Social Science Research

Reprint Series was initiated and the first reprints are expe2cted to be
 
available by the end of 1983.
 

Advisory Services
 

In addition to the two consultancies to USAID and FAO mentioned above,

Dr. Smith visited the Bay of Bengal Programme in Madras, India to adviseon the BOBP-State Government of Tamil Nadu shrimp pen project in Killai
Backwaters south of Madras. This project is designed to benefit szmall­
scale fisherlmn wlo currently use the backwaters. BOBP retained

Mr. Rathindra Roy as project consultant for the socioeconinic feasibility
study of this project. Ile and Ms. Ediltraud Drewes of BO1P visited the
Philippines for one week in October and consulted further with Drs. IanScith and [Einiel Pauly regarding their final repxort. Subsequently, Dr.
Pauly will be visiting Madras in November to advise on the seed supply
cuq-nonent of this study. 

Training 

The formal training activity of the Traditional Fisheries Program in1983 was support for the M.Sc. and module programs offered by Universiti
Pertanian Malaysia. These activities are described above and in theproject description for the Fisheries Social Science Research Network (p. 82). 

Publications
 

Bailey, C. 1983. Book review. Sri Lankan fishermen; rural. capitalim..x
and peasant society by Paul Alexan-der. 1982. Monographs on SoudAsia No.7. Tlhe Australian National University, Canberra. C-AfRM 
Nesletter 6(2) :21. 
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Dizon, L. 1983. Book review. Squid jigging from small boats by

M. Hamabe, C. Hamuro and M. Ogura. 
Edited by FAO Fishery

Technology Service 1982. Fishing News Books Ltd., Surrey, England.
ICLARM Newsletter 6(l):14. 

Lockwood, B.A. 1983. The ICLARM fisheries social science research
 
network. ICLARM Newsletter 6(2):3-4.
 

Meltzoff, S.K. and E.S. LiPuma. 1983. A Japanese fishing joint venture:

worker experience and national development in the Solcmon Islands.
 
ICLARM Technical Reports 12, 63 p. International Center for Living

Aquatic Resources Management, Manila.
 

Smith, I.R. 1983. Workshop on socioeconcrnics of Indonesian fisheries. 
ICLARM Newsletter 6(l) :13.
 

Smith, I.R. and T. Panayotou. 1983. Territorial use rights and economic
 
efficiency: 
Philippine municipal fishery concessions. FAO Fisheries
 
Technical Paper. FAO, Rome. 

Smith, I.R. and D. Pauly. 1983. Book review. Guide for the small-scale

fishery administrator: information from the harvest sector by
D. Stevenson, R. Pollnac and P. Logan. 1982. International Center
for Marine Resource Development, University of Rhode Island,
Kingston, Rhode Island. J. Mar. Res. Econ. 2(1).
 

Smith, I.R., D. Pauly and A.N. Mines. 1983. Small-scale fisheries of

San Miguel Bay, Philippines: options for management and research. 
ICLARM Technical Reports 11. 
Institute of Fisheries Development

and Research, College of Fisheries, University of the Philippines
in the Visayas, Quezon City, Ph.ilippines; International Center for
Living Aquatic Resources Management, Manila, Philippines; and the 
United Nations University, Tokyo, Japan.
 

Meetings Attended, Papers Presented 

Workshop to Develop a Research ProposaliWorkplan for a Comprehensive Studyof Fish Marketing System of Peninsular Malaysia. Fraser's Hill, Malaysia,
21-23 January 1983. (B. Lockwood). 

AC4RR Working Party on Management of Living Resources in Near-Shore
Tropical Waters, Rome, Italy, 28 February - 4 March 1983. (I.R. Smith and 
D. Pauly).


D. Pauly and I.R. Smith. The research process and communication of 
results: lessons learned from a multidisciplinary analysis of a

tropical small-scale fishery. (To appear in proceedings edited by

J. Gulland). 

International Conference on Development and Managnent of Tropical Living
Aquatic Resources. Universiti Pertanian Malaysia, 2 5 August 1983.-
(J. Munro, B. Lockwood, R.S.V. Pullin, J. Maclean).

B. Lockwood. The ICLARM fisheries social science research network. 

Ishak Hj. Cmar, B. Lockwood and Nik Mustapha Raja Abdullah. Fish
consumption patterns in a multi-racial society: a case study in
Kuala Lumpur and Petaling Jaya, Malaysia. 
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University of the Philippines Diamnd Jubilee - Advancing the Frontier 
of Science and Technology. Lecture Seiies III. 7 Septenber 1983. 
Iloilo City. (I.R. Smith).

I.R. Smith. The status and significance of social science research 
in fisheries. (Invited speaker). 

Program Plans for 1984 

The major program activity of the Traditional Fisheries program in

1994 will be the continued expansion and growing maturity of the Fisheries

Social F"-';rince Research Network. The network coordinator, Dr. Lockwood,
will truLtiier to Manila in mid-1984 to assume full-tne coordination of 
the network and an invitation will be extended to an Indonesian institu­
tion to join in the network early in 1984. Research activities begun in
 
1983 will continue through most of 1984; additional network scholars will
 
be sent to UPM for M.Sc. and module training in fisheries economics. A

proposal to extend the network's activities from 1985-1987 will be submitted
 
to IDRC in early 1984. A major constraint yet to be resolved is funding

for the coordinator's position for this second phasu. ICLARM must nuke 
a ccmnitment to pay the coordinator costs as part of its proposal to IDRC;
*ithout funding assured however, this will not be p--ssible and ICARIM's
whole participation in the network may be jeopardized. Attempts to raise
the necessary funds will continue, of course, but with passing tiine and
rejection by possible funding agencies we are less and less hopeful of
 
success.
 

The proposal "Management options for small-scale fisheries" which was

submitted to FAD has been rewritten and will be submitted elsewhere. Finally,

an invitation to ICLARM from the Training Division of the Australian Develop­
ment Assistance Bureau (ADA) 
 to submit a proposal to initiate and staff

ICLAM's Education and Training Program in 1984 may offer the best potential
for covering part (or all) of the network coordinator's costs. Not only is
Dr. Lockvood an Australian but the network program has a heavy emphasis on 
training. 

In addition to those proposals already mentioned, the International

Food Policy Research Institute (a CG Center based in Washington, D.C.) and 
ICLARM pl an to jointly submit a proposal to the Asian Development Bank for 
support t'a full-tim macro-eoonmist who would be based at ICIARM and who
would arn. Lyze development trends and policy issues in fisheries and aqua­
culture. 

In summary, then, ICLARM's Traditional Fisheries program has already
felt the effects of likely funding shortages in 1984 and beyond. Much of 
the effort of headquarters staff in 1984 will be directed towards fund 
raising for the program. 
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Traditional Fisheries Project Sunuaries 

Completed
 

Small-Scale Fisheries of San Miguel Bay:

A Multidisciplinary Analysis 77
 

Indonesian Small-Scale fisheries: Research Peview 
and Synthesis 81. 

Active
 

Fisheries Social Science Research Network (Phase I) 82 

Energy Technology for Philippine Small-Scale Fisheries 85 

Socioeconcinc Data and Information on Fisheries in 
Southeast Asia 86 

Upcaming 

Fisheries Social Science Research Network 
(Phase II, pending funding) 87
 

Management Options for Small-Scale Fisheries 
(pending funding) 87
 

Macroeconomic Policy Issues of Asian Fisheries
 
(pending funding) 87
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Project Title Small-Scale Fisheries of San Miguel Bay, 
Philippines: A Multidisciplinary Analysis 

Cooperating Institutions Institute of Fisheries Development and 
Research, College of Fisheries, University 
of the Philippines in the Visayas (UPV);
the United Nations University (UNU), Japan;
and Philippine Council for Agriculture and 
Resources Research and Development (PCARRD) 

Duration September 1979 to January 1982 (field work)
February 1982 to January 1983 (report
preparation) 

Key Persomnel UPV : Prof. Antonio Mines (Project Leader) 

ICIARM : 
Mr. Gregorio Baiacia (Field Leader)
Dr. Ian Smith (Economics) 
Dr. Daniel Pauly (Biology) 
Dr. Conner Bailey (Sociology) 
Ms. Luz Yater (Sociology) 

Objectives 

The primary objective was to conduct an in-depth study of the San MiguelBay fisheries to facilitate this sector's inclusion in the Bicol integrated
area development program, a plan from which fishing communities have
generally been excluded. A second objective was to develop a multidiscip­
linary approach to tropical fisheries research for application elsewhere. 

Results 

The biological segment of this project involved estimation of fishing
effort and catch per effort for all gear types, leading to reliable estimates 
of catch by month and by species groups. 

Catches from the Bay were found to be 3 to 4 times higher than official
statistics suggest. 
About 59% of the catch which totals 15,000 tonnes/year

(excluding 4,000 tonnes of sergestid shrimp) is taken by some 5,100 small­
scale fishermen, and thu remainder by 95 trawlers of various sizes.Detailed assessments using surplus-production and yield-per-recruit models 
suggest that the Bay is overfished in the sense that an increase in effortby either the trawl or the small-scale fishery would not result in an
increased catch from the San Miguel Bay as a whole, but rather exacerbate
the present allocation problems between the small-scale and trawl fisheries.This is confirmed by the econnic analysis which shows that small trawlers,
representing only 3% of the Pay's fishing units and employing 7% of thefishery's labor forrce, earn the largest share of catch value' and. 50% of the pure profits (resource rents). The government fuel tax and oligopoly/oligopsony power of fuel suppliers/processors also divert part of the resource 
rents to these sectors. Serious consideration should be given to limitingeffective fishing effort so as to maintain positive resource rents and to
deal with the presently highly skewed distribution of benefits. The analysis 
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of labor mobility showed that very limited alternative employment opportu­
nities exist in the area, which explains the low opportunity costs of 
labor and the significant outmigration from the area. These complementary 
findings ll argue for seeking solutions to the low incomes of the small­
scale fishermen within rather than outside the fishery by reallocating use 
rights and catch in their favor. 

Four technical reports, dealing with biology and stock assessTent, 
economics of production and marketing, social aspects, and occupational 
and geographical mobility, have been published. A fifth report, which 
synthesizes the results of the first four and discusses options for 
management and research, is in press. The need for the creation of 
management institutions and mechanisms that control the level of effective 
fishing effort in the Bay and that address the equity issues related to 
distribution of benefits from the fishery is stressed. Enforcement is 
certainly one key element of successful management; a participatory 
mechanism for fishermen is equally imortant and may even facilitate 
enforcement. The final report examines a range of management goals and 
interventions and suggests that a ccmbination of trawler licensing and
 
area restrictions is more likely to be enforceable and produce a redirection 
of benefits to the majority of fishermen than would other techniques such as 
taxes and quotas. Given the overlapping jurisdiction of coastal municipali­
ties and national government agencies, the creation of a single management 
authority for the Bay was recommended. This m~nagement authority would have 
responsibility for setting objectives, selecting interventions, enforcement 
and data gathering to monitor impact of managemen: interventions. 



Table 1. Summary of data on the San Miguel Bay fisheries (1980-1981). At time of study US$1.00 = Y8.50. 

Totals for the 
Non-trawl Trawl gears San Miguel Bay fisheries

Characteristics gears Mini Small/riedium (all fishing units) 

No. of fishing units 2,100 198 95 2,382 
Total horsepower 2,592 3,008 13,200 18,800 
No. of fishermen 4,625 376 600 5,600 in 3,500 households 
No. of households owning I 

fishing units -1,880 : 150 35 2,065 

Average investment cost 
per fishing unit (Y) 250-13,000 9,200 55-70,000 15 + million current re­

placement cost 

Percent of total catch 
including sergestid shrimps 
excluding sergestid shrimps 

44 
59 

25 
-

31 
41 

19,133 tonnes 
14,660 tonnes 

Percent of total value 
including sergestid shrimps 
excluding sergestid shrimps 

44 
52 

14 
-

42 
48 

Y53.5 million 
Y46.2 million 

Percent of pure profits 
(resource rents) a 
including sergestid shrimps 
excluding sergestid shrimps 

1 5b 
23 

35 
-

5 0c 
77 

Y3 million 
Y1.6 million 

Crewmen incames/mo (Y) 164-218 342 339-810d 

Owner (non-fishing) 
incomes/co (Y) (- 7 7 3 )e- 7 4 0  432 14 6 f-1,6 9 3 

a Does not include resource rents earned by the government and by fuel suppliers/processors.
b One-half of this is earned by fish corrals; 40% by motorized gill-netters.

Small trawlers only; medium trawlers did not cover their opportunity costs. 
d Highest inccies are earned by pilots on small trawlers. 
e Owners of stationary liftnets incurred losses. 
f Lowest incomes are earned by owners of medium trawlers. 

c 
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Fig. 1. Relationship between annual costs, revenues and fishing effort in the San Miquel Bay fishery
with actual data for 1980-1981 only.

1 Effective effort rather than noninal effort (e.g., no. of fishermen, no. of boats). Ncminal 
effort may fail to capture increases in effective effort due to changes in other components of 
effort, such as engine size or gear efficiency. Effective effort is thus a composite of all of the 
cnponents of effort. 

2 Represents direct and imputed costs of all inputs, valued at their social cost. For example, 
labor and capital at their opporturity costs; fuel valued at retail price less government taxes. 



Project Title Indonesian Small-Scale Fisheries: 
Research Review and Synthesis 

Cooperating Institutions Directorate General of Fisheries (DGF) and 
Research Insittute for Marine Fisheries 
(BPPL), Indonesia 

Duration : October 1981 to December 1982 

Key Personnel ICIARM 
DGF 
BPPL 

: 
: 
: 

Dr. Conner Bailey (Sociology) 
Ir. Firial Marahudin (Economics) 
Mr. A. Dwiponggo (Biology) 

Objectives 

The project is a multidisciplinary review of Indonesian small-scale
fisheries by scientists from the Indonesian Directorate General
Fisheries, the Marine Fisheries Research Institute and Dr. Conner 

of 
Bailey,

who was based in Bogor. It brings together information from the scattered
published and unpublished reports, mostly in the Indonesian language,
the considerable research previously 

of 
carried out on Indonesian fisheries. 

Results 

The authors spent 15 months reviewing the literature and preparing anEnglish-language manuscript. Extensive field work, including interviewing
fishermen and researchers was carried out to supplement the literature
database. The English version of the manuscript is currently being edited
after which external reviewers' conents will be solicited. A Bahasa
Indonesia version will be prepared after the English version is finalized. 
Publication of both versions is expected in 1984. 
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Project Title : Fisheries Social Science Research Network 

Cooperating Institutions Universiti Pertanian Malaysia (UPM), 
Serdang, Selangor, Malaysia; University of 
the Philippines in the Visayas (UPV), Iloilo; 
Kasetsart University, Bangkok, Thailand; 
One Indonesian University (yet to be identi­
fied); International Development Research 
Centre (IDRC), Canada. 

Duration : 1983 to 1985 (First phase) 

Key Personnel UPM Prof. Ishak Hj. Ofar 
UPV Prof. Ma. Luisa Mabunay 
Kasetsart 
University Drs. Ruangrai Tokrisna and Chamnien Boonma 
ICLARM Dr. Brian A. Lockwood (Coordinator currently 

based at UPM) 

IDRC 
Drs. Ian Smith and Edward McCoy 
Drs. Elwood Pye and David King 

Cbjectives 

The underlying objective of this research network is to build national 
research capability. Only through sustained long-term involvement of 
national institutions can research have an impact on fisheries development 
and management policy. This project seeks to provide continuity and 
quality to fisheries social science research by addressing priority issues 
through a small network of affiliated institutions. Major purposes of 
the network are to strengthen selected national research institutions, 
facilitate their long-term camnitment to fisheries social science research, 
and forge links between the research community and policymakers. 

Social scientists, particularly economists, have had little professional 
interest in fisheries and aquaculture in Asia and the Pacific. There are 
a number of notable studies by anthropologists, sociologists and geographers 
but very few by econcmists, whose involvement in the problems of the sector 
has been mainly on a part-time or ad hoc basis. There are few economists in 
the region who would classify them _el, either by reason of training or 
occupation, as fisheries or aquaculture specilists. Consequently, in most 
countries of the region, no systematic program of econamic research on the 
problems of fisheries and aquaculture has been carried out either by 
goverrnment fisheries agencies or in the universities. 

Zecently, the parallel interests of ICIARM and the International 
Development Research Centre (IDRC) of Canada came together in a joint 
decision to set up and fund the Fisheries Social Science Research Network. 
Both ICLAPM and IDRC have histories of encouraging social science research 
in fisheries and aquaculture and, equally importantly, both have an interest 
in elevating such research from its present ad hoc status to that of a 
planned and sustained long-term program which-wud enable Asian and Pacific 
social scientists to make regular and constructive contributions to the 
management and development issues of the sector in their respective countries. 
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There are three pressing needs that must be addressed if fisheries
social science research is to be effective. First, there must be
continuity of effort and this implies strong institutional support over

the long run. In attempting to meet this need 
the Network has selected
cooperating institutions with care. The institutions are universities
which have denonstrated a strong interest in developing a national-level
 
program of primarily economic fisheries and aquaculture social science

teaching and research and toare willing contribute substantial staff

and other resources to this specialization. The Network will contribute

research funds and technical assistance to enable the staff to develop
 
a long-term research plan.
 

Second, only high quality research on issues felt to be relevant

by fisheries agencies will gain for the program and 
 institution thenational recognition necessary to sustain the program in the long run.
The Network will assist the cooperating universities in this regard byproviding professional training opportunities for the specialist staff,
both in research and teaching; professional input into both the teachingand research activities; and opportunities for professional exchanges
between the staffs of all cooperating universities through regional
workshops and meetings. One such workshop, to discuss the teaching of
fisheries and aquaculture economics and contentscourse and curricula, 
was held at Universiti Pertanian Malaysia in Novemb-r 1982. 

The third need that the Network must address is for continuous
working contac t and cooperation between the researchers and fisheries 
program managers, government administrators and planners concerned with
fisheries issues. This will help to ensure that the n'search and teachingactivities of the Network program gearedare to national needs and thatthe research results will feed directly into the national planning process.
 

Results 

An important component of the Network is to help provide training
facilities and onportunities in Asia for the teachers-researchers of theNetwork's cooperating universities. The aim, of course, is to improve
research capacity and, in the longer run, -co help each of the universities
 
become the training center for its own nationals. Por the foreseeable
 
future, the main training center will be the Universiti Pertanian Malaysia,
which now offers an M.Sc. program and a post-yj-aduate non-dogree course in
fisheries and aquaculture economics. The UPM program is the first in Asiato cifer a specialization in fisheries and aquaculture econcmics and it is
expected to attract students from a wide range of fisheries institutions

in Malaysia and the Asia-Pacific region. The UPM teaching program places
considerable emphasis on the sprcial conditions and problems of tropical

fisheries and aquaculture, and scudents will be expected to apply their
disciplinary skills to a fisheries or aquacultural program in carrying out
their thesis research. In the current academic year which cornaencedearly in July, M.Sc. scholars from Bangladesh, Indonesia, Malaysia, the
Philippines and Thailand have enrolled Fourin the program. are sponsored
by the ICIARM Network and funded by an IDRC grant to ICLARM. 

14 
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For scre years to came the Training omponent of the Network activities 
will be crucial to the overall objective of building research capacity.
There exists no stock of trained fisheries or aquaculture eonnamists at 
present and it is necessary, therefore, to train those who will lead the 
research teams and set up teaching programs in their own universities. 
The Network's funds are limited at rresent and additional sources are 
being sought. The Network has benefited from IDRC support for the four 
current Fellows and IDRC is expected to continue this support for a second 
group of Fellows in 1984. Moreover, the Network is a developing program
that will need training assistance for many years to ccae. 

The Netwo_'k is already funding -esearch projects in three cooperating 
universities. The fisheries economics group at Universiti Pertanian 
Malaysia is leading a major study of the Fish Marketing System in Penin­
sular Malaysia. The proposal for this study was developed in close 
association with the Malaysian Fisheries Development Authority (LJIM or 
MAJUIKAN) and the Malaysian Department of Fisheries; the study is being
conducted in cooperation with researchers from Universiti Malaya and 
Universiti Kebarigsaan Malaysia. In addition to Network funding, the 
project has roceived a large grant from LKIM. The UPM project is a good 
example of close cooperation with government fisheries agencies extending
in this case fron planning through funding and iiplementation. 

The fisheries e&.onanics group at Kasetsart University in Thailand are 
studying the marketing system for shellfish and will later expand the study­
to include fish and other marine animals. This study has also attracted 
additional funding fron an ICLAP.4-CZ (German Agency for Technical Coopera­
tion) project to augment that provided by the Network. 

The fisheries social science group at the University of the Philippines
in the Visayas includes a fisheries economist (who participated in the non­
degree course at UPM last year), an historian, a psychologist and a manage­
ment specialist. This group will work together on some aspects of their stLdy
of small-scale fisheries in Iloilo Province, and separately on topics of spe­
cial interest, such as household consumption patterns and preferences for fish 
and other meats, social relationships in the marketing system, management of 
fish processing industries, and the psychological characteristics of fishing
households and attitudes towards their source of livelihood. 

The second round of research in each university will include the 
thesis research of their staff member studying at UPM. A fourth cooperating 
university will be identified in Indonesia later this year. 

Because the Network is in its infancy and is attempting something new, 
it has started in only four counuies and only four universities. In due 
course it is hoped that the program can be extended to other countries and 
universities in the Asian and Pacific region. The Network aims to assist 
in the development of a fisheries eoomics profession in Asia capable of 
sustaining a long-term research and training program. 

'Wi
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Project Title Energy Technology 
Fisheries 

for Philippine Small-Scale 

QnoPeratirq Instituticrs Farm Systems Development Corporation (FSDC); 
U.S. Agency for International Development 
(USAID), Philippines mission 

Duration 6 months, beginning 15 September 1983 

Key Persomel ICLAM 

FSDC 
USAID 

: 

: 

Mr. David Thcnson, Consultant 
Drs. John L. Munro and Ian R. Smith 
Mr. Manuel LaPefia 
Mr. Lawrence Irvin, Ms. Baby Silva 

Cbjectives 

The U.S. Agency for International Development (USAID) and the Farm 
Systems Development Corporation (FSDC) are in the process of designing 
a project to assist municipal (artisanal) fishermen in the Philippines.
The project will be co-financed, and FSDC will be the implementing agency. 

The purpose of the project is to increase the inccme and socioeconcmic 
security of artisanal fishermen by decreasing their fuel consumption costs
and improving the sales environment for their fish. The FSDC will extend 
credit to fishermen's associations to purchase both gas fed refrigeration
equipment and gasifiers to run small fishing boats. The primary fuel 
source will be bicmass-based producer gas in either direct combustion or 
to fuel diesel or gasoline engines. 

ICLARM has been retained by USAID to provide assistance in the planning
for this project, particularly as it relates to fisheries stock assessnuent, 
economic viability and comunity management. 
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Project Title Socioeconomic Data and Information 
Fisheries in Southeast Asia 

on 

Cooperating Institution Food and Agriculture 
of the United Nations 

rganization (FAO) 

Duration 1 month becginninq mid-November 1983 
up to 1 month additional in early 

Key Personnel ICLARM Dr. Brian. Tckwood 

1984 
and 

FAO Mr. Rolf v 'Irani 

Cbjectives 

FAO is preparing a manual on recomnended socioeconomic information and 
data collection methodologies for small-scale fisheries. ICLAMI is pro­
viding the services of Dr. Br-ian Lockwood who will conduct a one-month 
survey of existing information systems in Thailand, Malaysia and the
 
Philippines. The second half of the consultancy will involve a workshop in 
Rome during which FAO staff and regional consultants including Dr. Lockwood 
will finalize the manual. 



87 

Status of Upoming Proposals 

1. 	 Fisheries Social Science Research Network (Phase II: 1985-1987):
Proposal will Ie suLmitted to IDRC by 15 March 1984. Chances of 
approval are gcjd if ICLARM can guarantee to provide the network 
coordinator. 

2. 	 Management Options for Tropical Small-Scale Fisheries in Asia: 
Proposal has been rejected by FAO. Alternative sponsors are sought. 

3. 	 Macroeconciric Policy Issues of Asian Fisheries: 
Proposa. will be prepared with the International Food Policy Research 
Insti,-Lr (IFPRI) in early 1984 and will be sulmitted to the Asian 
Develormlc ic Bank. 

/T
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RESOURCE DEVEM
DWNT AND MANAGEKENT PROGRR4
 

Background
 

The objectives of the Resource Development and Management Program con­
tinue unchanged fram those stated in previous annual reports; namely, to
 
enhance the abilities of fisheries scientists in the tropics to assess
 
fisheries resources and to translate the results of such assessments into
 
recommendations for the management and conservation of the stocks. The great
 
importance of social and economic factors in addition to the biological
 
features of exploited stocks are constantly Torne inmind.
 

Although progress in tropical fish stock assessment has been slow, there 
are encouraging signs that the situation is changing as a result of the 
adoption of length-frequency based stock assessment techniques and the concur­
rent development of relatively inexpensive programmable calculators and micro­
computers. Some of this progress on a world-wide basis can be directly attri­
buted to work conducted at and pioneered at ICLA44. 

One of the most significant turning points reached in tropical fisheries
 
science has been the recognition that recruitment to tropical fish stocks is
 
highly variable and that many tropical demersal stocks may be recruitment
 
limited. A major avenue for future investigations is the degree to which
 
recruitment could be enhanced by stocking specific habitats with hatchery­
reared recruits of suitable, commercially important species.
 

In 1982, ICLAFv 'sProgram Advisory Canmittee recognized the economic
 
potential of giant clams (family Tridacnidae) and approved the development of
 
a project for rehabilitation of clam fisheries through a program of support
 
of research on hatchery techniques and juvenile rearing, reef restocking or
 
extensive mariculture, biological and socioeconanic studies. Giant clams are
 
an everyday part of the diets of most Indo-Pacific coaucal people. Addi­
tionally, the dried adductor muscles fetch high prices in Southeast Asia.
 
However, the most important feature of the tridacnids is that by virtue of a
 
symbiotic relationship with certain micro-algae, they a- largely photo­
trophic and require no external sources of food. 'i1,v are thus the only
 
self-feeding potential falm animal known to mankind. Yields of 60 tonnes of
 
flesh/ha/yr are theoretically feasible, even at modest stocking densities.
 

Progress of Work
 

Operations of the Program during 1983 :ere grouped around four basic
 
projects. These wre the Tropical Fish Stock Assessment Research Project,
 
the Network of Tropical Fisheries Scientists, the Management-Oriented Fish­
eries Research Project and the International Giant Clam Mariculture Research
 
Project.
 

The Tropical Fish Stock Assessment Research Project has continued to con­
centrate upon the problems of multispecies, multigear fisheries. Major
 
achievements of the project have included the completion of four length­
frequency based stock assessment programs for microcanputers and the integra­
tion of these programs into a wider systems approach to the assessment of
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multispecies, multigear fisheries. 
 The proceedings of the ICLARM/CSIRO work­shop on the "Theory and Managenent of Tropical Fisheries" were published
during the year, as was a volune on Caribbean coral reef fishery resources.

Dr. Pauly's book entitled "Fish Population Dynamics in Tropical Waters: aManual for Use with Programmable Calculators" is now in press and will be pub­
lished in early 1984.
 

The Network of Tropical Fisheries Scientists completed its first full
 year of operations with menbership standing at over 
200 in 52 countries. A
substantial portion of the operating costs of the Network are met by the FAO/-
DANIDA Training Project in Fish Stock Assessment and by FAO. 'Vo numbers of
the newsletter "Fishbyte" were published and were received enthusiastically

by members. The Network also distributes stock assessment and manag~ewnt
manuals, reprints and computer programs gratis to members. Six scientistsvisited ICLARA during the year under the sponsorship of the HIFS VisitingScientist scheme. 
These visits enable mehers to analyze data using the
ELEFAN iuite of programs developed at ICLAW4 :nd to generally develop theirExpertise in stock assessment methodologies.
 

One of the ancillary objectives of the Network is to create Stock Assess­ment and Managenent Modules (SAMMs) within the unbrella of our Managenent-Oriented Fisheries Research Project. 
A SAMM consists of a small number of
NIFS members in a particular country or institution provided with the neces­sary training, microconputer and scientific support. 
The scientific support
could range fran periodic visits by ICLARM 
staff to stationing a staff member
in a country for several years. 
 The latter course requires outside funding.
Operational modules are in Indonesia, Peru and the Philippines and all have
enjoyed considerable success 
in the assessment of local stocks. 
Addition­ally, a formal request has been received for developnent of a SMM in Zanbia
 
and this will be activated early in 1984.
 

The International Giant Clam Mariculture Research Project was launched
inJanuary 1983. Activities concentrated mostly upon catalyzing the neces­sary scientific interest and developing a ccmprehensive research proposal..
In its final form, the proposal calls for the support of a major scientific
initiative at James Cook University of North Queensland (JOJNQ) and at
various institutions in the tropical Indo-Pacific, the develognent of a pilot
scale hatchery in the equatorial Indo-Pacific and the investigation of
economic and social problems which might arise in relation to various forms
 
of giant clamn cultivation.
 

The project is _nvisaged as a collaborative effort between JC]NQ andICLARM with JCUNQ ies, onsible for the major scientific progran and ICLARM forthe develognent of a pilot hatchery. A proposal for support of the
Australian module, prepared in close collaboration with ICLARM, was submitted
to the Australian Ctntre for International Agricultural Research (PCIAR) in
Novenber. A grant of $ 
 over a 
 year period starting inJanuary

1984 was confirmed in December. 

A potential hatchery site has been identified in the Solcnion Islands and
negotiations are in progress and a funding submission in preparation. 
 A
short-term appointment was made for preparation of a preliminary design of a
giant clam hatchery and a review of processing techniques for tridacnid
 
adductor muscle.
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Advisory Services 

Dr. Pauly visited Peru at the invitation of GTPZ for consultations on 
assessment of the dEmersal fisheries in the period 30 April - 7 May 1983. 
Additionally, he spent two periods totalling 14 days in Burma as a consultant 
to the UNDP/FAO Burma Fisheries Development Project advising on the analysis
 
of previous survey results, conducting preliminary training of Burmese
 
scientists in stock assessment techniques and preparing plans for future
 
research programs of the Burmese Sea Fisheries Survey and Research Unit. 

Dr. Munro was engaged for over a month in the period between October and 
December in consultations on methods for evaluating the extent of resources 
and the suitability of various sites for a USAID project which aims to cut 
operating costs by fitting Philippine fishing boats and ice plants with
 
motors powered by charcoal-burning gasifiers. 

Training 

Dr. D. Pauly participated as a lecturer in the FAO/DANIDA Fish Stock 
Assessment Training Courses in Mcnbasa, Kenya, in 1983 and in Cochin, India, 
in November 1983. These courses draw heavily upon techniques and approaches 
which he has developed. 

Publications 

David, N., M.L. Palanares and D. Pauly. 1982. ELEFAN 0, a BASIC program for
 
creating and editing files for use with the ELEFAN I, II and III
 
programs. ICIAR4, 16 p. (mimeo). 

Mines, A.N., D. Pauly, N. Navaluna and J.M. Vakily. 1982. The physical 
environment, p. 5-14. In D. Pauly and A.N. Mines (eds.) ICLAvM 
Technical Reports 7. 

Munro, J.L. 1983. Giant clams - food for the future? ICLAR4 Newsletter 
6(l):3-4. 

Munro, J.L., Editor. 1983. Caribbean coral reef fishery resources. ICLAMR
 
Studies and Reviews 7, 276 p. 

Munro, J.L. 1983. Epilogue: progress in coral reef fisheries research: 
1973-1982, p. 249-265. InJ.L. Munro (ed.) Caribbean coral reef 
fishery resources. ICLA vI Studies and Reviews 7, 276 p. 

Munro, J.L. and G.A. Heslinga. 1983. Prospects for the comercial 
cultivation of giant clams (Bivalvia: Tridacnidae). Proc. Gulf Caribb. 
Fish. Inst. 35:000-000. 

Munro, J.L. 1983. Sane advances and developments in coral reef fisheries
 
research: 1973-1982. Proc. Gulf Caribb. Fish. Inst. 35:000-000.
 

Munro, J.L. 3983. A cost-effective data acquisition systen for assessment 
and management of tropical multispecies, multigear fisheries. Fishbyte 
1(i) :7-12. 
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Munro, J.L. and M.L. Palanares. 1983. ELEFAN IV User's instructions and 
program listings. ICLAR1 mimeo. pag. var.
 

Munro, J.L. and D. Pauly. 1983. A simple method for cnparing the growth of 
fishes and invertebrates. Fishbyte l(1):5-6.
 

Pauly, D. 1982. Notes on tropical multispecies fisheries, with a short
 
bibliography on the food and feeding habits of tropical fish, p. 30-35 
and 92-98. In Report of the regional training course on fisheries 
stock assessment, Sanutprakarn, Thailand, 1 Sept. - 9 Oct. 1981, Part 
II, Vol. 1. South China Sea Fisheries Development and Coordinating
Progran, Manila. SCS/GEN/82/41, 238 p. 

Pauly, D. 1982. The fishes and their ecology, p. 15-33. In D. Pauly and 
A.N. Mines (eds.) ICLAR4 Technical Reports 7. 

Pauly, D. 1982. History and present status of the fisheries, p. 95-124.
 
In D. Pauly and A.N. Mines (eds.) ICLAR4 Technical Report 7.
 

Pauly, D. 1983. Sane simple methods for the assessment of tropical fish 
stocks. FAO Fish Tech. Pap. No. 234, 52 p. (also published in Spanish). 

Pauly, D. and K.D. Hopkins. 1983. A method for the analysis of pond growth
ecperiments. ICLAR4 Newsletter 6(l):10-12. 

Pauly, D. and A.N. Mines, Editors. 1982. Small-scale fisheries of San 
Miguel Bay, Philippines: biology and stock assessment. ICLAR4
 
Technical Reports 7, 124 p. 
Institute of Fisheries Development and
 
Research, College of Fisheries, University of the Philippines in the
 
Visayas, Diliman, Quezon City, International Center for Living Aquatic

Resources Management, Manila, and United Nations University, Tokyo, 
Japan. 

Pauly, D., A.N. Mines and N. Navaluna. 1982. Catch and effort in the
 
small-scale fisheries, 56-64. In D. Mines
p. Pauly and A.N. (eds.) 
ICLAR4 Technical Reports 7. 

Peters, H.M. 1983. Fecundity, egg weight and oocyte development in tilapiL 
(Cichlidae, Teleostei). Translated fran German and edited by D. Pauly.
 
ICLAR4 Translations 2, 28 p.
 

Skud, B. and D. Pauly. 1982. Inter- and intraspecific recruitment control.
 
Amer. Inst. Fish. Res. Biol. Briefs 11(6):2.
 

Meetings Attended, Papers Presented 

Roundtable Discussion Increasing Benefitsof fran African Reservoirs 
Fisheries, Cairo, Egypt, 11-13 January 1983. (D. Pauly)

D. Pauly. Recent Developments in the Methodology Available for the 
Assessment of Biploited Fish Stocks of Reservoirs. 

ACMRR Working Party on the Management of Living Resources in Nearshore 
Tropical Waters, Rane, Italy, 28 February - 4 March 1983. (D. Pauly) 

/At
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D. Pauly and I.R. Smith. The Research Process and Canmunication of
 
Results: Lessons Learned fram a Multi-Disciplinary Analysis of a
 
Tropical Small-scale Fishery.
 

FAO Expert Consultation on the Abundance of Neritic Stocks, San Jose, Costa
 

Rica, April 1983. (D. Pauly)
 
D. Pauly and N. Navaluna. Monsoon-Induced Seasonality in the Recruit­

ment of Philippine Fishes.
 
D. Pauly and I. Tsukayama. On the Seasonal Growth, Monthly Recruitment
 

and Monthly Biamass of the Peruvian Anchoveta (Engraulis ringens)
 
fram 1961 to 1979.
 

International Conference on Development and Management of Tropical Living 

Aquatic Resources, Kuala Lunpur, Malaysia, 2-5 August 1983. (J.L.Munro) 
J.L. Munro. A Cost-Effective Data Acquisition System for Assessment and
 

Management of Tropical Multispecies, Multigear Fisheries.
 

I.R.E.P. Workshop, Halifax, Canada, 26-30 September 1983. (D. Pauly)
 
D. Pauly. Recruitment Variability of Tropical Fishes.
 

World Fisheries Conference, Rome, Italy, 10-19 October, 1983. (J.L.Munro)
 

Gulf and Caribbean Fisheries Institute, PczLt-of-Spain, Trinidad and Tobago,
 
14-18 November 1983. (J.L.Munro)
 

I.R. Smith and J.L. Munro. Management Strategies for Multispecies
 
Canplexes in Artisanal Fisheries.
 

Program Plans for 1984
 

It is envisaged that considerable effort will be devoted to rxpanding
 
the Network of Tropical Fisheries Scientists. Activities will include
 
increased distributions of manuals and other materials, publication of three
 
numbers of the Newsletter, FISHBYTE, and visits to ICLA1RvM of a large number
 
of Network menbers under the NTFS Visiting Scientist schene.
 

In the Tropical Fish Stock Assessment Research Project, the long-awaited 
manual by Dr. D. Pauly otn fish stock assessment using prograrmable calcula­
tors will be published. The suite of ELEFAN programs will be cdited into a 
single voluie. The major thrust: in the Pro.ject will be ltowards int..jqraling 
the ELI'AN programs into a single length-frequncy bascx] st:cx-k issessment 
systen for microcomputers. Consideration is being given to preparing and 
marketing software packages for fisheries assessment idmanagEmnent. 

A cnference on length-frequency based stock assessment techniques is 
proposed for the fall of 1984, possibly to be held at Bellagio, Italy and 
co-sponsored by a major middle-Eastern research institute. 

In the Management-Oriented Fisheries Research Project, the Indonesian
 
module will draw to a close airound the middle of the year and this will form
 
the basis for several substantial publications co-authored by the Irdonesian
 
participants and Dr. D. Pauly. A module i: planned for Zanbia a6id thic; will 
bce initiated early in the year. Consideration is being given to conticinaing 
the Philippine module and it is expected that the Peruvian modulk %-'vil k'e
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greatly Expanded, with substantial external support. Other possible modules
 
are under consideration elsewhere in Africa, Asia and Latin America.
 

For the Giant Clam Project, plans call for the establishment of the 
major scientific program at Janes Cook University of North Queensland, and 
for identifying, funding and developing the hatchery. The most likely site 
is at Guadalcanal in the Solcnon Islands, but firm arrangEMents have not yet 
been confirmed. Efforts will be made to obtain funding for a marketing inves­
tigation and for studies of the econarmics of various nursery and hatchery 
options. Additionally, the project will catalyze research on giant clams at 
a variety of Indo-Pacific institutions and seek funds for such research where 
necessary. 
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Resource Development and Management Project Summaries 

Active 

Tropical Fish Stock Assessment Research Project 95 

Network of Tropical Fisheries Scientists 97 

Management-Oriented Fisheries Research Project 98 

International Giant Clam Mariculture 
Project 100 

Research 
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Project Title . Tropical Fish Stock 
Project 

Assessment Research 

Cooperating Institutions Predaninantly in-house study, 
linkages with various research 
institutions. 

with informal 

Duration : Continuous fran July 1979 

Key Personnel : Dr. Daniel Pauly 
Dr. John L. Munro 
Mr. Morfio Sumiran 
Ms. Maria Lourdes Palomares 

Objectives 

" To understand the dynamics of exploited tropical fish camunities. 

" To develop stock assessment methods which are straightforward, arereadily applicable to tropical stocks and which do not require costly
hardware for their implementation. 

Results 

The first two programs in the ELEFAN (Electronic LEngth Frequency
ANalysis) have been distributed by Dr. D. Pauly and have now achieved wide
recognition. They have been translated by their users to a variety of
programing languages and for operation on a number of different models and
makes of microcomputers and also for several mainframe computers. 

During the course of the year, the fifth and probably final program inthe ELEFAN suite of microcomputer programs was ccmpleted, revi.sions wvre iiadeof EULLFAN I and II and user's instriictions for ElL'dAN III and IV canpleted.Additionally, a program, ELEFAN 0 was developed for the handling of length­frequency data files. These programs and sets of user's instructions will be
consolidated into a single volume and published in early 1984. Also, conside­ration is being given to marketing the ELEFAN suite as a complete software
package suitable for a wide variety of microcomputers.
 

Work continued on basic stock assessment techniques and methods of 
parameter estimation. A method for estimating natural mortality rates from
length-frequency and gear-selectivity atdata was presented by Dr. J.L. Munro
the Development and Management of Tropical Living Aquatic Resources confe­rence in Malaysia. This method forms the basis of the ELEFAN IV program
devised by Dr. J.L. Munro and M.L. Palanares. 

Additionally, an integrated systems approach to length-frequency based
stock assessments has been devised by J.L. Munro, and the development of thisapproach (which will incorporate the ELEFAN programs) into a single micro­
computer based stock assessment program is now being contemplated. 

Work in the final revision of the manual by Dr. D. Pauly on "Fish Pcpula­
tion Dynamics in Tropical Waters: A manual for use with programmable calcula­tors" was delayed by the pressure of other work and the volume is now
expected to be published early in 1984. 
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A volume entitled "Caribbean Coral Reef Fishery Resources", edited by 
Dr. J.L. Munro was published in October. This is a reprinting and updating 
of a series of reports on investigations conducted in Janaican waters in 
1969-1973. The original reports had a very limited distribution and the 
reprinting will ensure that a muxh wider distribution and readership is 
attained. 
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Project Title : 	Network of Tropical Fisheries Scientists
 

Cooperating Institutions : 	 Fishery Resources and Environment Division, 
Fisheries Department, FAO, Rone, Italy.
 
plus 
Individual member scientists in 
institutions throughout the world. 

Duration : 	 Continuous from April 1982 

Key Personnel : 	 Dr. John L. Munro 
Dr. Daniel Pauly 
Ms. Ferdinandina Santos 

Objectives 

. To enhance communication between fisheries scientists working theon 
assessment, conservation and management of tropical stocks. 

" 	To enhance the output of these scientists by improving access to
 
literature, providing free database searches, distributing manuals
 
and other literature and publishing a newsletter at regular inter­
vals. The technical focus is on the estimation of the biological,
fishery and socioeconcmic parameters which determine the magnitude of 
harvests and the application of those parameters to models to arrive 
at 	scientifically sound management measures for tropical stocks.
 

During 1983, the Network benefitted greatly from partial funding by the 
FAO/DANIDA Training Course in Fish Stock Assessment and by tile Department of 
Fisheries of FAO. 

Membership rose rapidly during the year and now stands at over 200
 
members in 52 countries. The increasing proportion of third-world national
 
scientists is a pleasing feature of the membership.
 

During the course of the year, six members visited ICLAR4 to work on 
stock assessment problems. These visits totalled 36 man-weeks and were of 
great benefit to the participants. 

Two numbers of the NTFS newsletter "FISHBYTE" were produced and received 
an enthusiastic response fran members. 

x 
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Project Title : 	 Management-Oriented Fisheries Research 
Project
 

Cooperating Institutions 	 Department of Fisheries, Universities and
 
Research Institutes in participating
 
countries (currently including Philippines,
 
Indonesia and Peru). 

Duration : 	 Continuous fran 1982 

Key Personnel ICLAR4 : 	Dr. Daniel Pauly
 
Dr. John L. Munro 

BPPL (Indonesia) : Mr. Dwiponggo
 

UPV (Philippines) : Mr. N. Navaluna
 

IN0APE (Peru) 	 : Ms. I. Tsukayama 

Objectives
 

To strengthen the capabilities of 	the participating countries to
 
manage their fisheries by creating stock assessment and managenent 
modules (SAMMs) in various countries and institutions. Each SPMM 
will develop a small nucleus of well-trained researchers. 

To 	train fishery scientists in the interpretation of fishery data
 
(especially in Extracting a maximum of information fra-n available 
data) and in formulating implementable managonent options. This core 
of trained researchers will be the basis for future in-country 
training of additional workers, for improvenent of university
 
curricula and for interaction with administration setting and regula­
tions affecting fisheries.
 

* 	 To help determine, in the countries in\volved in the project, the 
basic information requirements for stock assessment and fisheries 
management. 

To produce well-documented reviews of the various fisheries 
investigated and original studies on tropical fish population 
dynamics. 

* 	 To help establish a dialogue between the fishery managers and the 
fishery biologists, and between the fisheries departments and the 
universities of the project's host countries. 

Results
 

Three modules were operational at the end of 1983; in Indonesia, Peru 
and the Philippines.
 

Indonesia
 

This mod,.le is based at the Research Institute for Marine Fisheries in 
Jakarta an(" scheduled to remain operational for a period of 18 months fran 

) V
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March 1983. The members of the module have enbarked on a program of analy­
zing accumulated length-frequency data to extract growth and mortality
estimates using the ELEFAN I and II programs on a Radio Shack TRS 80 Model 
III microcamputer supplied by ICLABM. Dr. D. Pauly visited Jakarta twice 
during the year, the first time to purchase and set up the computer, train 
the participants and initiate the analyses and on the second occasion, in 
October, to review progress. To date, the module has generated estimates of 
growth parameters for over 60 species of fishes. Additionally, the micro­
computer has been much used by a number of other Indonesian scientists and 
has clearly made its mark simply by virtue of its accessibility and ease of 
operation.
 

Peru
 

The work of the Peruvian module has concentrated very heavily upon the 
analysis, at ICLAR4, of accumulated catch and length-frequency data for the 
Peruvian anchoveta (Engraulis ringens), using the ELEFAN I, II and III 
programs. The principal collaborator at Instituto del Mar del Per6 (UMARPE)
is Ms. Isabel Tsukayama. 

A preliminary analysis of the available data provided estimates of
 
anchovy biamass and recruitment on a monthly basis and of seasonal growth 
over an eighteen year period for the northern stock of E. ringens (Fig.).
The module sponsored the participation of Ms. I. Tsukayama and Ms. H. 
Santander at the FAO Epert Consultation to Examine Changes in the Abundance 
and Canposition of Neritic Stocks, held in Costa Rica in April 1983 where a 
joint paper with preliminary results was presented by Dr. Pauly and 
Ms. Tsukayama. Detailed estimates of this sort have previously beennever 

available and illustrates the power of length-frequency based techniques,

particularly when applied to short-lived tropical stocks.
 

The second phase of this module has concentrated upon an analysis

covering thirty years of data for the Northern and Central stocks 
of the 
Peruvian anchovy and analyses of these data are rapidly moving ahead. 

Philippines 

The Philippine module has concentrated upon a small project involving
the testing of a hypothesis concerning the relationships between wind-based 
turbulence and water transport indices and fish recruitment. This is being
conducted as a joint project between Mr. N. Navaluna of the Institute of 
Fisheries Development and Research (IFDR) of the University of the 
Philippines in the Visayas (UPV) and Dr. D. Pauly. Dr. Pauly presented a 
preliminary joint paper on the topic at the FAO consultation in Costa Rica 
mentioned above. 

An "Atlas of the Growth, Mortality and Recruitment of Philippine Fishes" 
by J. Ingles and D. Pauly is now in press and should be published in early 
1984. 
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Project Title : 	 International Giant Clam Mariculture 
Research Project 

Principal Cooperating : Jdmes Cook University of North 
Institution Queensland 

Other Cooperating : Departmeh~t of Primary Industry, Fisheries 
Institutions Research Branch, Queensland, Australia 

University of Papua New Guinea
 

De 	La Salle University, Manila, Philippines
 

Silliman University, Dumaguete City,
 
Philippines
 

University of the Philippines, Quezon City,
 
Philippines
 

Fisheries Division, Ministry of Agriculture
 
and Fisheries, Suva, Fiji
 

Ministry of Lands, Energy and Natural
 
Resources, Honiara, Solamon Islands and the
 
ILCN/WWF Conservation for Development
 
Programme in Indonesia
 

Duration : 	 1983-1988 

Key Personnel : 	 Dr. John L. Munro, ICLAR4 
Prof. C. Burdon-Jones, JCUNQ 
Dr. J. Lucas, JQJNQ 

Objectives 

" 	To create a foundation of scientific knowledge which will enable 
giant clams to be raised in sufficient numbers in hatcheries to make 
reef restocking or extensive mariculture feasible. 

" 	To reverse the trend of the larger species towards extinction. 

" 	To develop a new industry in the equatorial Indo-Pacific based upon
 
the extensive cultivation of an esteemed traditional food resource,
 
which will provide increased food supplies and exportable products.
 

" 	To ultimately create maricultural systems for the only phototrophic,
 
and thus self-feeding potential farm animal known to mankind.
 

Results 

Principal activities have relat I to the development of a research propo­
sal aimed at catalyzing research on tridacnid clams and laying the founda­
tions for future work. 
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A close working relationship has been established with James Cook Univer­
sity of North Queensland and a proposal, prepared in collaboration with
ICLAR4, has been submitted by JQJNQ to the Australian Centre for Interna­
tional Agricultural Research (ACIAR). 
 A grant of A$ million over 3 years
has been made to JCJNQ as a result of this proposal. Additionally, a submis­
sion to the Australian Development Assistance Bureau (ADAB) has been made for
development of a giant clam pilot hatchery in the Solcmon Islands. The 
result of this grant application is not yet known. 

Dr. R. Ventilla was seconded to the Giant Clam Project fran ICLA4's 
Coastal Aquaculture Project in Thailand for a period of two months and conduc­
ted a postal questionnaire survey of the status of and degree of exploitation
of tridacnid stocks throughout the Indo-Pacific. An excellent response was
received, which confirmed that tridacnids are heavily exploited throughout
the region and are a normal pa-t of the daily fare of islanders and coastal
people throughout the region, except the western coast of Peninsular Malaysia
and Thailand, where they are not consumed and are exploited only for their 
shells. In most heavily populated areas, tridacnids are grossly over­
exploited, particularly in Indonesia and the Philippines, where many local 
stocks are now extinct. 

Additionally, Dr. Ventilla prepared a report on the processing methods 
used in Japan for preparing dried scallop muscles and developed outline plans
for a tridacnid clam hatchery. 
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INFIURATIN SIMVICE
 

During 1983, the Information Service has continued to increase its range
of activities as well as publication rate. Highlights include the successful 
launching of a Fisheries Forum proposal, confirmation of a selective 
information service and the first training course in aspects of information. 

Publications 

Volume. ICLAIN4's publication output in 1983 was the highest to date, with 
the production of a major publication in the Conference Proceedings series 
and another in Studies and Reviews, eight Technical Reports and one 
Translation, as well as the quarterly Newsletters and Annual Report. Further, 
continued demand for previous publications required the reprinting of five
 
titles during the year. In the five technical series, the number of new
 
titles (11) represents an increase of 50% over the total for 1979-1982.
 

Distribution. The overall dissemination of ICLARM publications is now an
 
impressive figure. Over 26,000 books have been distributed in toto frcm the
 
five technical series and well over 80,000 Newsletters.
 

The use of a distributor in the U.S.A. took effect inJuly with the air 
shipment of almost one tonne of ICIAR4 books to International Scholarly Book 
Services in Oregon. 

Echibitions. ICIAR4 books were included in a nationwide agricultural book
 
display in China, beginning September; in "bookccpos" at various times in 
Singapore, Malaysia and the Philippines; and at the Frankfurt Book Fair in 
October, at two separate booths, sponsored by the Philippine Book Developers
Association and the German Agency for Teclhnical Cooperation, respectively.
The latter was part of an exhibition of publications of the International
 
Agricultural Research Centers.
 

Library 

The library has grown in both acquisitions and usership. Book and 
monograph holdings total 4,300, serial holdings increased frcm 1982 by nearly 
100 titles to 390. Ebternal users of the library have increased fran about
 
100 in 1981 to 590 in 1983.
 

ICLAI4's Contribution Series, which includes all items published by
ICLAM staff or by External authors on ccrmission, was advertised for the 
first time in the April 1983 Newsletter. Many of the contributions are
 
offered free, while others are at cost of xeroxing and postage. 

Response to this new service has been etranely good. It is expected to 
increase awareness of ICLAE4's work on the part of Newsletter readership and 
the scientific ccnunity in general. 

Ccmputer Literature Searching 

Through 1983, a free service continued for external users of the 
Center's online teletype connection with the DIALOG system of camputer 
databases. Overseas as well as danestic enquiries were handled. 
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Review Ccmpetition 

A $500 prize was offerred in the last Newsletter of 1982 for the best
(unpublished) review received by the end of September 1983. Despite the 
offer, and airmailing of usually surface-mailed Newsletters throughout
Southeast Asia, only three enquiries and two were received.reviews Increased 
participation will be planned in the future. 

Audio-visuals 

A cunprehensive sound-slide show on ICLAW 's objectives and programs wasfinalized early the year. has proven useful visitors and staffin It for 

alike. Copies have been made for members of the [CLAiN4 Board and PAC.
 

A second audio-visual was made by a group of Indonesians during their
 
4-week visit to ICLA[M (see Training).
 

Ekternal Information Services 

In September, the Canadian International Development Research Centre
 
confirmed its intention to support 
ICLARv4's proposed Selective information
Service in which an Information Scientist will be appointed lCLIN4to staff 
to provide a question/answer service in the Center's areas of expertise. The

project will include preparation of bibliographies and reviews in identified
 
areas. Assistance to other information centers will also be provided.
 

Ini'olvement in other information systems in 1983 has included
participating in the establishment of a Philippine Aquatic Science and
Fisheries Information System and of a National Information System for Science 
and Technology. 

Asian Fisheries Forum 

As forecast in the 1982 Report, the enthusiastic response to a circular
proposing a regular Fisheries Forum and Fisheries Society resulted in an
ICLA44-sponsored meeting in Manila attended by seniorin May, seven 
scientists from five countries. The group endorsed the concept of a regular
scientific meeting, probably or whosebiennial triennial, location would 
rotate around the region. Importantly, the group expanded the Forum from the
originally proposed Southeast Asian region to include all of Asia, in order 
to reflect better the Indo-West Pacific faunal zone which enca-npasses most of 
Asia. 

The Manila group formed itself into a Foundation Council to plan the 
first Forum and has sought additional members fran other Asian countries. The
first Forum meeting is expected to be in early 1986, at which it is planned
to present a draft constitution for an Asian Fisheries Society. The proposals

for both Forum and Society received unanimous support at an international 
aquatic sciences meeting in Malaysia in August. ICLAA was asked to provide a
secretariat for the Foundation Council, pnding elections of officers at the 
first Forum meeting. 
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Training 

The first external training course in fisheries information by ICLAR4 
was held in June. Four Indonesian officers frcm the Agency for Agricultural 
Research and Development (AARD) spent a month based at ICLAH4. Training was 
carried out in four modules: publication, librarianship, information and 
visits to other information centers.
 

Meetings Attended, Papers Presented 

Working Group on the Proposed Development Plan for a Philippine Aquatic 
Sciences and Fisheries Information System Project, Manila, January, March, 
July, August 1983. (J.L. Maclean) 

Seminar Workshop on the Design and Planninq of the National Information 
System for Science and Technology, Manila, 25-28 April 1983. (J.L. Maclean) 

J.L. Maclean. Impact of the national information system
 
for science and technology on the training of users.
 

Philippine Library Association, Inc., National Congress on Library
 
Development, Manila, 18-20 May 1983 (H.C. de Castro)
 

Congress of Southeast Asian Librarians (CONSAL), Sixth, Singapore, 30 May-3
 
June 1983 (R.M. Tenprosa) 

International Conference on the Development and Management of Living Aquatic 
Resources Management, Malaysia, 2-5 August 1983 (J.L.Maclean) 

J.L. Maclean. An Asian Fisheries Forum.
 

Association of Special Libraries of the Philippines (ASLP), Seminar on 
Systems Study for Information Specialists, Manila, 15-17 September 1983 (H.C. 
de Castro)
 

UNESCO-UPILS Asian Regional Seminar on Local Data Bases and Their Use, 
Mdnila, 10-14 October 1983 (R.M. Tenprosa) 

First Meeting of Information Officers of the International Agricultural
 
Research Centers, Frankfurt, 18-20 October 1983 (J.L. Maclean) 

Third International Conference on Scholarly Publishing, London, 19-22 October 
1983 (J.L. Maclean, part only) 
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Program Advisory Ccnmittee
 

Dr. John E. Bardach Dr. Peter Larkin 
The East-West Center Institute of Animal Resource Ecology 
1777 East-West Road University of British Columbia 
Honolulu, Hawaii 96848 2075 Wesbrook Mall 
U.S.A. Vancouver, B.C. V6T 1W5 

Dr. Keishi Amano Dr. Armin H. Lindquist 
President Fishery Resources and Environment 
Tokyo University of Fisheries Division 
Koman 4, Minato-ku Fisheries Department 
Tokyo 108, Japan FAO of the United Nations 

Via delle Terme di Caracalla 
00100 Rcme, Italy 

Dr. Colin Clark 
Department of Mathematics 
University of British Columbia Dr. John Liston 
121-1984 Mathematics Rd. Institute for Food Science and 
Vancouver, Canada V6T 1Y4 Technology 

College of Fisheries 
University of Washington 

Dr. Lim Teck Ghee Seattle, Washington 98195 
Universiti Sains Malaysia U.S.A. 
Centre for Policy Research 
Penang, Malaysia 

Mr. John C. Marr 

(former ICLARM Director General) 
Dr. Michael Cqirin P.O. Box 772 
D6partement Etudes et Interventions Rancho California 
France-Aquaculture Temecula, California 92390 
BP 337-29273 Brest Cedex U.S.A. 
France 

Dr. Garth I. Murphy (Chairman) 
Dr. Edgardo Gomez Senior Principal Research Scientist 
Director, Marine Sciences Center Division of Fisheries and Oceanography 
University of the Philippines Ccmmonwealth Scientific and Industrial 
Diliman, Que.on City Research Organization (CSIRO) 
Philippines P.O. Box 21 

Cronulla, N.S.W. 2230 
Australia 

Dr. Veravat Hongskul 
Secretary General and 
Chief, Training Department Mr. William E. Ripley 
Southeast Asian Fisheries Development Division of Global and Inter-

Center (SFDEC) regional Projects 
4th Floor, Olympia Bldg. United Nations Development 
956 Rama IV Road Programme (UNDP) 
Bangkok 5, Thailand One United Nations Plaza 

New York 10017, U.S.A. 
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Mr. Philip Roedel Dr. James Storer (Vice Chairman) 
Fisheries Consultant Director, Office of Fisheries Affairs 
6 Hawk Ridge Court Department of State 
Novato, California 94947 Washington, D.C. 20520
 
U.S.A. U.S.A.
 

Ms. Elizabeth Samson Dr. Ir. Th. J. Tienstra 
Executive Director Director of Fisheries 
Fishery Industry Development Council Ministry of Agriculture and Fisheries 
6th Floor, Philippine Heart Center Bezuidenhotseweg 73 

for Asia Bldg. 's-Gravenhage
East Avenue, Quezon City The Netherlands 
Philippines 

Dr. Lucian Sprague
 
International Bank for Reconstruction 

and Development 
Room D1818 H Street, N.W.
 
Washington, D.C. 20433
 
U.S.A.
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Merbers of the Corporation 
and Board of Trustees 

The Honorable Manuel S. Alba Dr. John L. Munro
Budget Minister (Treasurer)
Manila, Philippines Director, Resource Development and 

Management 
ICLARM 

Dr. Aiban F. Gurnett-Smith
 
Officer-in-Cliarge
 
CSIRO Centre for International Dr. Richard A. Neal
 

Research Cooperation (Treasurer)
P.O. Box 250, Civic Square Director General
 
A.C.T. 2608, Canberra ICLARM
 
Australia
 

The Honorable Teodoro Q. Pefia
Dr. Roy I. Jackson Minister of Natural Resources

Natural Resources Consultants Ministry of Natural Resources 
4055 21st Avenue West Diliman, Quezon City

Seattle, Washington 98199 Philippines 
U.S.A. 

Dr. Ziad H. Shehadeh
Dr. James E. Johnston (former ICLARM Director General)
(Chairman, Board of Trustees) Assistant Director

Deputy Director for Agricultural Food Research Division and 

Sciences 
 Head, Mariculture and Fisheries DepartmentThe Rockefeller Foundation 
 Kuwait Institute for Scientific Research

1133 Avenue of the Americas 
 P.O. Box 24885, Safat
 
New York, 10036, U.S.A. Kuwait
 

Dr. Prida Karnasut 
 Dr. Otto Soemarwoto
 
49 Ngarm Wong Warn Road 
 Director, Institute of Ecology and

Bangkhen, Bangkok 9 Professor of Bimnanagement
Thailand Institute of Ecology 

Padjadjaran University
 
Jl. Sekeloa


Sir Kamisese K.T. Mara 
 Bandung, Indonesia
 
Prime Minister of Fiji 
Suva, Fiji
 

Dr. Klaus Ties
 
Leitender Direktor und Professor der
Mr. Angelito 0. del Mundo Bundesforschungsanstalt fur Fischerei

(Secretary) 2 Iamburg 50 (Altona) Palmaille 9
Director, Administrative Services Federal Republic of Germany 
ICLARM 
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Staff 

Director General 
Richard A. Neal, Ph.D. 

Scientific Programs 

QUACLTURE PROGRAM 

Roger S.V. Pullin, Ph.D. Senior Scientist, In-Charge of 

Aquaculture Program 

James C-M. Kuo, Ph.D. Senior Scientist 

Kee-Chai Chong, Ph.D. Senior Research Fellow1 

Kevin D. Hopkins, Ph.D. Senior Research Fellow2 

Edward D. McCoy, Ph.D. Team Leader, Thailand Project 2 

:bonald F. Ventilla, Ph.D. Marine Biologist, Thailand Project3 

Jan Michael Vakily, M.Sc. Marine Biologist, Thailand Project4 

Wade 0. Watanabe, Ph.D. Marine Biologist, Taiwan Project2 

Ms. Felicidad Estrada, B.S. Secretary, Aquaculture Program 

TRADITICNAL FISHERIES PROGRAM 

Ian R. Smith, Ph.D. 	 Senior Scientist and Director, 
Traditional Fisheries Program 

Ms. Luz Yater, B.S. 	 Research Assistant5
 

Ms. Enma Escover, B.S. 	 Junior Research Fellow6 

Mr. Orestes Salon, B.S. 	 Research Assistant7
 

Ms. Nenita Jimenez, B.S. 	 Secretary, Traditional Fisheries Proqram
 

1 Fixed term appointment ended on 15 May 1983.
 
2 Fixed term appointment.
 
3 Fixed term appointment ended on 31 August 1983.
 
4 Fixed term appointment convienced on 1 June 1.983.
 
5 Resigned 31 March 1983.
 
6 Conmnced 16 June 1983.
 
7 Conmenced 17 October 1983. 
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RES(CE DEVEWPMENT AND MANAMENT PROGRAM
 

John L. Munro, Ph.D. Senior Scientist md Director, 
Resource Development and 
Management PrograTm 

Daniel Pauly, Ph.D. Associate Scientist 

Mr. Noel David, B.S. Affiliate ScientistO 

Mr. Morfeo Sumiran, B.S. Affiliate Scientist 9 

Ms. Ma. Lourdes Palomares, B.S. Research Assistant 

Ms. Ferdinandina Santos, B.S. Network Secretary, 
Tropical Fisheries 

Network of 
Scientists1 0 

Ms. Erlinda Miralles, B.S. Secretary, PesoUrce 
and Mariagenent 

Development 

Information Service 

John L. Maclean, M.Sc. Chief Editor 

Ms. Rosalinda Tenprosa, B.S. Librarian 

Ms. Elba Barile, B.A. Assistant LibrarianI 

Ms. Helen de Castro, B.S. Assistant Librarian 

Ms. lticia B. Dizon, B.A. kssistant Editor 

Ms. Priscilla Calalang, B.S. Typesetter 

Mr. Roberto Bugay, B.S. Draftsmanul 2 

Mr. Ovidio Espiritu, Jr., B.S. Draftsman13
 

Mr. Ramon Estarez Information Service Aide 

Ms. Amnelita Sayo, B.S. Secretary, Information Service14
 

8 Resigned 31 March 1983. 

9 Conenced 6 September 1983.

10 Commenced 1 March 1983. 
11 Resigned 27 June 1983. 
12 Resigned 5 October 1982. 
13 Ccmmenced 1 Noveirber 1982. 
14 Resigned 15 September 1983. 'K
 

2ov
 



110 

Administrative Services 

Angelito 0. del Mundo, M.Sc. Director, Administrative Services 

Ms. Remedios Apostol, B.S. Chief Accountant 

Ms. Nenita Urmeneta, B.S. Accountant 

Ms. Arlene Balane, B.S. Accountant 

Ms. Concepcion Querubin, B.S. Secretary, Director General 

Ms. Marieta Veneracion Secretary, Administrative Services 

Ms. Elma Banilbo, A.C.S. Records/Trravel Secretary 15 

Ms. Leni-Lou Estudillo, B.S. Receptionist 

Mr. Benjamin Bayron Driver 

Mr. Espiridion Trafalgar Driver 

15 Resigned 12 June 1983. 


