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Rsum 

('cite publicationi cotiticial itiac Ix tlic tics Colnclcsloll oIs prCscnt 'csi I'atciicr star la 
recherche iIt 6cs,,aIt I ccoiomtic de I'aquiuIlt aire ci Asic. tcn ,'LSig.apotur tiaa2au 5 jiain 1981. L.cs 
I)i%isii) tis sicCnccsll ti 'agIterichl tat it t ties scieices soclalcs duirC. tic ilialIctI ci tic li III] t l Ill c. 
Centreetic rcchciches pomu Ic ti'xcloppeiicit iniicrilatioiial (('RI )II c Ic iateriitaln (.enteri lor 
I iell Aitliaiic RCesOIrCCs Miailgellcillt ('I ARN)l oit Colllicilltn t rrtlli .aan bitoloisics citics 
Ccoliolllisicstics &'es tic lcl pixS dFAsic tiu Siit( citll SId-is. I aillier \ siltai illoliltlrcl" latililct 
a ilxoriscrli'itili'ail l de Iinalxi\sc , .oClc lqu e tin is) aItrecIli he elli a it l i t-'iiciiIlt iLi iiiier i' 

i .S tIV I lIli+c tie Asic. l aatiil1ticlcr Ics CililclclC C.Ccr c e ccll l'iatI iciiIllrc ell I ';icicr anlite 

siltfout tics aalii\ sc's iIIeleticolIloilliqitctics es \ s tlIllcs tic protli tiiii icitli..'ic l illau\ dieji iIlpialt 'sC, 

all slatic C.xp1"riil.itil. Ii aelllport e ilissi tile Irtc ct itlie disctissioll sOllli[i cs tic til c. liCs-lilcs 

tics rlitlldcs soci-'coillllCllsrel"Ics Lain oat rihitiza t i I la sklctCitL'llllitasitiillilsl I';aqiiiciiuairC 

l'll l a 6 1C.dII Sxsteai ticIlllillhe iaiis I'alIClCc Iicesi la aIiictiitiirct iailx altrteSl iot l ltill tics reSsl 

sectilrstic Iccolllllie. 

Rex uren 

stla publicaciti cs anit \ critill cditatia c los trahajils presentados cii Sitgaptnr. dci 2 ai 5 tie 
jltio tic 19Xi. traiaitc cl ;taller soibrc iictigiacit' ell laliaccm ia tic lit ac icultuia ci Asia. las 

, \tliisittel'c. tie ('.encias Siocialcs tic (.'icticias Auricolas Alimeiltos Nitrici'n tci ('cluntrol 
IitcluIlaaciital tic I mlestigaicil Ilcs pali cl I)carllllo. ell colaihlliiCin Coil cl ltilic iatili 'Center 

ior lixing Aquatic Rcsonitccs Mainaigemieint (I(+[ARM ). iiiitxnl a hi~logos y ccoviinlistas 
especiaisla en piscictllla tic lls pafcs dcl Sur \ SItidCIc Asaiticos. I a reicta dcl tallc era 
tell sitrar el lso tic] aliialsis ccoltllilico pia lit iiixcstigacio ll acIOCIIIIIIia x estiiti llr SIal1so. 

asi citlo Inlitlalr lit caplcidad tic ix csligacil Ill ictlltlalin de in actctiltal lliAsia. Sc picst6 
alt icliti cspccialI a lls ialsli'is I licrtoccontiilliclls tic sistelhas tic Irodtlaccilin de acicutlttut'a 
CxpcriieCiialcs ex tsles . iilltilic taaambii SCpresciniaroa rcscfia \ discisitli limitadas.] uta 
relnli\as a ailguius c',i.ticacioiics sociicclli'ilicas ntias aiaplins tic lit chilirihtucii de lI 
aCtaiJctuittir a lI socicdid calM till todo %al papel dcl sistenia i mcrcado el lintlisirihiuci6n de 
rectllsos ia lit actlictllu la x it 1)lrt1 scctllres. 
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Foreword 
Interest in tile developnicit of aqluaculture as a a nageable food 

production s\ystem anid tsa source of'livclihood for Asian peoples has intensified 
considerably during the past decade. This escalation of development efforts 
stems mainly 'rom: the need to -)roduce additional protein from fish to meet the 
demand created by rapidly ii'rcc;-,ing populations, the leveling off in world 
catch from conventional fish stock:(capture fisheries). tlie expected reduction in 
catch by some of tlie devcopig cot' nitries t hat are major fish consumers because 
of the extension of national economic /ones inmarine waters. and the 
continuing need in ma nv Cotintries to find opport Lin it iCS for productive 
lj'vel:l.ord for growing nuenhcrs of pt'oples with very limited Lccess to nritui'Ll 
resc, II cI-s. Current a q li: 2ulture practices in the tropics are at an elementary level 
and husbandry techniques are only now evolving. The life cycles of only a small 
number of species are understood studies genetics theI'tliy and of arnd 
development of more desirable hybrids are in their infancy. Il this sense, 
aqtiaculture lags behind husbandry sciences in poultry and livestock, the other 
major Sources of animal protein. Also. much like ca pture fisheries until the 
1950s. altaCUIlture research anc development has been the preserve of biologists 
ard other technologists. While the body of literaturc on the biological and 
tcchno logicall aSPCtS Ofatictilture in tile tropics is steadily increasing, little 
information on economic aspects is ava ilable. Moreover, available economic 
studies are often based on very limited samples or observations ard tend to be 
descriptive rather tihan rigorously ar1a1lyt ic. 

However, the potential scope for aquacuilture economics research is wide. 
As aqlculture develops, economists will be called upon to analyze current 
production and marketing practices. particularly in the private sector, and to 
evaluate improved husbandry techniques as they arc developed. Economic 
research can help appraisc the current practices and potential of aqtraculture by: 
analyzing the production arid marketing aspects of both experimental and 
existing culture systems, asscssing the role ard contribution of aquaculture as 
compared with other sectors innational economics and international trade, and 
cvaluating development projects ard the institutional and cuiltural environment 
in which aqtaculture dlevelopment is expected to take place. 

Both the International I)evelopment Research Centre (IDRC) and the 
International Center for Living Aquatic Resources Management (ICLARM) 
have initiated and supported aquaculture economics research. IDRC has been 
encouraging economic analyses of the various research projects it has been 
funding to develop production systems that can produce relatively high, stable 
yields, while requiring low or modest levels of capital input. ICLAR M's current 
economics activities centre upon analysis of existing milkfish production 
systems in the Philippines and Taiwan, catfish production in Thailand, and on 
country case studies of aquaculture trends .nd development prospects. Both 
organizL.tions believe that there is a pressing need to bring about a more 
coordinated approach to aquaculture econonic, research so that the results of 
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such research can support the ultimate objective of increasing production from 
an economically viable aquaculture sector. It is particularly important that 
greater contact be encouraged between biologists, economsts, ind other social 
scientists involved in aquaculture research to foster interdisciplinary and 
multidisciplinary research on existing and new aquaculture systems for 
production and (in marketing, to better understand the socioccoinomic 
environment in which aquaculture systems exist, and to assess the economic and 
social effects of new aquaculture technology. 

It was for this reason that the Agriculture, Food and Nutrition Sciences and 
Social Sciences divisions of Il)R( and ICL.AR M collaborated to invite fisheries 
biologists and economists from nine South and Southeast Asian couttries to 
Singapore on 2 5 June 1981. Participants discussed how economics could 
contribute to tile assessment ;'.id development of aquaculture produLtion and 
maketing systems and to the better understand ing of the social and economic 
functions aquaculture plays in a partictular society. The workshop focused on 
this geographic region because it isthe area with the highest level of aqU'aculture 
production in the tropics. To foster close collaboration and an ative exchange 
Ot views. p;!rticipati'on was limited to a smil group. Eurthci nire. the workshop 
purposely brought together participants with quite different disciplinary 
backgrounds and research experience to initiate an actikc dialogue. 

The overall obiective of the workshop was to demonstrate and encourage 
the use of' economic analysis for atuaculturc research and to help increase tile 
research capacity for aquaculture economics in Asia. Attention was focused 
largely on microeconoinic analyses of existing and experimental aquacultural 
production systems, although a limited review and discussion of some of the 
broader socioCconomnic considerations Iatled to atuacUlt 11es. contrihution 
to societv as a whole and to the role of the market system in the allocation of' 
resources to aactlMCIture an1d other sectors \%'ere inclded. 

IDRC and I1(.ARM are happy to have cosponsorcd this workshop and 
wish to express their gratitude to the resource persons and to the workshop 
participants for their valuable contributions and comments. This was tile first 
jointly sponsored meeting in this field between two different divisions of' IDRC 
(Agriculture. Food and Nutrition Sciences Divison and Social Sciences 
)ivision) and ICl ARM. It is hoped that increased collaboration will be possible 

in the future antI that the results of this workshop will encourage continued and 
expanded collaboration between biologists and economists in future aqua
culture research. 

Joseph I. ilulseI Richard A. Neal,2
and iDavid W. Steedhnan' 

I )irector. Agriculturc. Food and Nutrition Scienccs Division. I I)RC.
 
:)irector (ieneral.ICIARM.
 
')irector. Social Scicnccs I)ivisiou. Il)RC.
 



Introduction 
Aquaculture, defined as the cUlture and husbandry of aquatic organisms, 

has a long, even if relatively little-known, history. Over cei,.uries, the practice of 
aquaculture in natural and man-made ponds has become widespread, 
particularly throughout much of Asia. where fish and shellfish form an 
important part of' the average family's diet. Aquaculture has developed within 
agricultural communities through a process of trial and error and the resulting 
production technology has a limited scientific base. There is also a shortage of 
recorded data on inputs, outputs, and management techniques. However, 
although the techniques have remained virtually unchanged, it iswidely believed 
that improved methods could significantly increase production. Estimates vary 
as to the potential contribution of aquaculture to world fish supplies. However, 
a doubling or tripling of the present production o1'6 x If"t year btheend of the 
century seems realistic with the wider application of known aquaculture 
methods. Fven greater production may be technically feasible if significant 
advances in both basic and applied research are achieved and applied. 

Aquaculture can have several advantages over capture fisheries. For 
example. aq uaculture is a technique of stock raising, 1:ot hunting or gathering 
and, therefore, is often a more tLficient use of time and effort. Certain 
environmental conditions can be largely controlled and, as in animal husbandry, 
genetic improvement can be used to increase yield. Aquaculture can also be 
undertaken on land poo'rly suited for agriculture. Fish arc efficient converters of 
feeds and of low-quality plant materials and wastes. In many cases, fish can be 
reared with no additional feed beyond what i,naturally available in their 
environment or as the result of fertilizer enrichment. It is also possible that the 
market demand for fish from aquaculture production can be expanded more 
easily than for wild fish. Through controlled prod uction. fish farmers can 
guarantee a certain quantity and quality of produc ion, market their produce 
when natural supplies are seasonally low or not available, and in some cases 
exploit the potential for selective production to meet consumer preference for 
taste and other market requirements: such control isnot possible in most capture 
fisheries. 

Within the past dccade, a si/able amo unit of effort and resources has been 
committed by the national governments of developing countries and by 
international agencies to expand aquaculture production through research and 
tho application of technology. In some countries, growth in aquaculture 
production has been notable: in others far less has been achieved than originally
anticipated. The economic scale of aquaculture enterprises and organization of 
pr'odtlCtion also ValrV considerablv from c1u1litrv to COutlnrv. 111soime con ltries, 
large-scale con mmercial ielterprises employing wage labour forces prevail: in 
other countries there are niore small enterprises with greater participatio:; in 
management and ownership of those who work in aquaculture enterprises. The 
reasons for constrained production are many, a major one in many countries 
being the novelty of aqtactulture as a major food production sector of the 
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national economy. The scale of production and organization of productioi, of 
atLtuculture enterprises constrain and determine the opportunities for reniuner
ative participation in the industries, and also affect both the costs of production 
and the price of fish protein to the various consumer groups. As a new industry is 
established or an old onc is being transformed by the application of new 
technology, many technical, economic, institutional, and cu ltulIa problems as 
well as opportunities arise. 

GCieneraIlly, as alualcuItire has expanded, so has the voltimc of technical 
literature. To date, biologica iand technical problems have received most f'the 
attent iui bca~use bio logisis have by and large been the principal resear'. hcrs. 

IBiologists haNc focused aiti1are coitirl-iing to focus on ways to overcome 
constraints to production and to modit'v and or intc nsil' traditional systems. Ii 
addition to traditional pond production, alternative systems and technitlues 
such as polvculttiure (a Mix of coilnplercntIarv species), integrated animal crop, 
fish systems, cage and pen cultuire, grCater utilization of naturally productive 
hodies of water and appropriate herbivorous species of fish, and raft and rack 
culture of shellfish are all being tried. At tile same time, some major biological 
issties such as induced breeding of fish incaptivity, prevention of disease, 
nutritional Ireq tii remien t s of indigen ous and exotic spcccs, and selective genetic 
improvmcnent are being studied. 

However. in spite of this ever-increasing biological research activity, 
inadequate attention has been devoted to Other. cqtially important, problem 
areas anrd to tile interplay aiiiorig them.The viability of aqtLiaciIttiu e technology 
invol'es more thaln tile study ol its biology and technology. [or example, 

econoninics must be ost'd to determine cfliciency of resource allocation. Reliable 
i lIoriiiat ion ni the eco11oiiics of existing aqiaculttirc systerims and the economic 
vilbifitv of the new technology is olften lacking. liaddition to the economics of 
production, evaltation of markets including deiiand, marketing inifrastructure, 
and marketing chiniels is iinporta nt. The size and expected growth of the 
market, factors a lecting demand (i.e., pOpulatioi and incomes), competition 
with either other local or imported supplies, and marketing costs are all key 
factors illtile succcssfutl estab!ishment and developnieit of aquacutlture 
citerpirises. 

All understanding of the relationship between existing social and cultural 
practices and resource allocation in a society is an important element in tile 
development aind introduction of atluactiltture technology. Although there have 
been studies of tile socioctitural aspCcts 0if aq iaLcuIttLire, there is little 
iilormation available with respect to the socioeconomic and culttral impacts of 
new aLqlraCult oral technology. For it to be successfully applied, both its denand 
and combination of resources and its rcsalting products must be compatible 
with iridividual and coniiti iiity ctrltu raIIpractices. More iniformation is needed 
on how changing resource allocation to and within aq uacuItUre production 
relates to national develoliriient policies. 

These proccc(lirigs are anneffort to encourage such Iiultidiscipliinary analysis 
of aqutacuilture systems to generate a better understanding of the ways in which 
economic analysis can contribute to the development and application of new 
technology so that the potential benefits both to those engaged i1 production 
and to co)nisumiiiers of fish c.ilii be rcallic ard Ma xiIiied. Ih rce mnajo Sti, jcct areas 
were reviwed during the workshop: microecononic analysis of existing 
aquactlturc production, microecononiic analysis of experiniental aquaculture 
technology, and social welfare t,:oioniic considerations for aquaculture 
development. Because of the varied backgrounds of the participants at the 
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workshop and the expected readers of this volume, each of the three subject 
areas is introduced by a paper on economic principles and concepts relevant to 
aquacuItLu re. CasC study presentations of research methodology and econonlic 
analys is Undertaken in various countries in Asia f1ollow the first two of these 
introductory papers. Although some of the statements and questions contained 
il this volume may seemi elementary to sonie readers, tihey are included to 
demonstrate the need for giel'or interaction and cooperation between the 
var'ious d isci p1 ines involved in aq uacul tutire research. The final part of the 
proceed inrigs is a sumiii mat ion of tile overall conclusions and recoin ndations 
arising Ironi tile meeting. Two appendices ha'e also been included: working 
delinitions (f economic and statistic tcrms, and a selected bibliogra phy.

It is hoped that readers, rcgardless of disciplinary backgroUnd and research 
experience, will rind t'ie proceedinigs both interesting and informative. intile 
ftltutuC, greater collahoration ariong researchers conducting biological, social, 
and economic reearch may lead to more succesfully developed and applied 

lKIuacultural technology. 
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Microeconomics of Existing A quaculture Production 
Systems: Basic Concepts and Definitions 

tai R. SnillhI 
'Iie Inaill obiectiN e ol this paper is to pro file aii iittl iluctiotl to the fttlethodlogs' tised in tile 

case stludis that hlim -.l e pap111 htfocuses oil tile role o IelatiC pli ¢s ill lillel, production 
behnaiour alnt( prcisenit a nodel Ior explaininrg tt saliatiols amllolilg lliners. Il the Context of
this production niode. the concepts ot llo ptll cla ticil\. ecoonicls of scale. and technical and 
ecooi ic -HicicnlcyN ale explaietl using il(Iut ali'e examples. life t\pc of data used and the
estimation techniques are hriell* tlescrihbed and the distinction hetl\ecu ;IScrage aiid liontier 
podutctioi' functions is eniphawed. 

A typical aq t aItCUte resoUrI'CC system (tig. If 
has subsystetns of proCtreICttllt.trtni slorillatioiii. 
and deli\crv Muttddle and Grandstalf 197X). I lee 
pictireunctit oly,,hssttn iincltdes tile factor tar
kcts for stocking materials (sceed or fr )anid other 
inputs. such as lanid. %lrl. lhtiltr. Iced. let-
tili/el. IItid .cxpcrti\, atultl-lMtaunILCIl It\ 
culthttc s%stctis aire dpetdent upoll \ild fish 
Stcks to pro ide Ir\ lor ,Stocking ilt rcaring 
cuelos trcs. althtough hatchteries ae becoming 
ittcreasingl. itportait fr certain species. [he 
triatisoriatioti Sitlb,,.tet iicliudes tile P)lfte-
tiOll process h M\hich seel +tock is reared to 
marketable siic. Finally, the dlelis ers ,Iths\,stci 
includes the %arioustifarketit intermediaric, 
and cotl: utnets. hoth thlocstic and foIrciLi. 

Ihe concepts and terminology to be discussed 
are draiwn prim:trily fron tneoclassical produtc-
tioi economics thcorv. In the case studies. 
attestion ail: hic itp d o adressignic
xplaitdfng arition in ittpttt from ariouts 

aqtacuiltutre prvducrs? Are there fomilotlis f 

SctlC il aLttactiINe pridutitit? {I fall inptts are 
do,bled. \will output also double, or nore than 
doItble or ILss th , dottble'.') Are prodttcers 
making optimnal use of input.s? Are they tech-
1,1>all% and ecolnonicall efficient? What Con-
straints inhibit inctreased productivity and 
profitability of existin tqitctultutc resotirce 
s stems? 

IAss ciate .cicniist. Intornatiorzal . l o- :,I\sling
Aqtiatic Resources Malnagnie i't (KcA,<N) . NtUU" 
P.O. [tox 15111.Makati, Netlo Manila. I'llilippiies. 

The Underlying

Biological/ Economic Relationship
 

in Production
 

Outptt I'Ill in aquacultteC production 
System is a function of the itiputs applied iti the 
prodttctito process. TheleIel ofoutput depends 
"pon etirtonitettal factors (soil pil. water 
saliritv. etc.). stocking rates, sttpplcmentary 
inputs (Iced. fertili/er, pesticideI), labour (hired 
and family), managerial expertise, and the 
ttnderlyitg technology used. The deep \\ater 
porid system for rearing tnilkfih in 'Iaiwan ttsing 
the "planktoni" method, for example. is a 
different technology f'omll the st-allo\%er potnds of 
tl,- Philippines that use the filamnctitous algae

hod. [he relatiship between inputs and 
otp t is co mmonlyrefrrd toas the prodtction 

funtctiot, and much of production econtomics 
dwells oil methods of determining this physical
iInput-outtptt relationship, adding atn econtomic 
cotipoient. and interpreting producer beha iourbased on the results. 

Otttput. then, is a ftnction of \ariablc and 
fixed inputs. By examninig progr ssi,'!y 
complex representations of this rclationship, it is 
possible to establish the link bcts\cen (and 
differecies hetwccn) biological and ecotoitic 
considerations of rc protlttccrs.0IquaCtlt 

Let its begin with the simple uncoistrai,,:d 
Case (Ito capital constraint) of Oie output tid I 
single variable input. This case can he illustrated 
ill it two dimensitonal diagrain (Fig. 2) where 
tttput (e.g.. fish) isdependent upon the quantity 
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A .simpli/idaquaculture resour'e SSwem. 

DEMAND 

.,-Increasing 4 Diminishing..i. 

returns returns 


TPP 

0 

Y= f(X 1) with X2 ... Xn constant 

0 
QUANTITY OF FEED (INPUT X I) 

F 2.i.Inptt otpin vitt.%ingh varileint'itt in .%hort 

T-( 1 0,1ol prh al pri, t, 
,low 

of input X I(e.g., feed) used. All other inputs have 
been held constant. As additional quantities of 
feed arc applied, total physical product (TPP) as 
shown on the production response curve first 
increases at an increasing rate (increasing 
returns), then increases at a decreasing rate 
(diminishing returns), and finally, with excessive 
feeding, actually declines. This phenomenon of 
diminishing returns is best illustrated by the fact 

that if it did not exist, we could produce from a 
single small fishpond sufficient fish to feed the 
world. This single variable input case can also be 
expressed mathematically as: 

Y = f(Xi) with X 2 ... X, constant 

where Y = output: X, = nariable input: and 
X ., . . are fixed inputs. 

When two variable inputs (e.g.. stocking rate 
and feed) are applied to the fishpond. we can 
represent the production response surface with a 
three-dimensional diagram (Fig. 3). This 

particular diagram shows diminishing returns 
over its full range. Three production isoquants. 
CC. DD, and EE. reflect the output attainable 
with various combinations of the two variable 

inputs. For example. 1000 kg of output can be 

attained with either high quantities of feed and 
stocking rates or with lower quantities of 

fed and higher stocking rates. In other words, 
there isa certain degree ofsubstitutabilityamong 
inputs whereby output is not affected. This single 
output. two variable input case can be expressed 
mathenmatically as: 

Y = fX,, X2) with X3 . .. X, constant 

where Y = output: X,. X2 = variable inputs: and 
Xi... X,, a fixed inputs. 
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OUTPUT Y 

Y f(X 1 , X2) wi h X 3 ... X n constant 

1500 kg 

D D I000 kg 

C 500 kg 

1)1DDI~* 

0 v 
"IV"Op,/ "0 

1 0 0",) 

.Fi' 3. Output as. a fl mliotn o variabte inljt.i 
(aodaphttedom tlir.hh'ili'r 1976). 

When three or more ariable inputs are applied 
to the fishpond. it is no longer possible to depict 
the relationship between output and inputs using 
a diagram. Mathematically. hosse\cr, we can 
express tie relationship as: 

Y = I(X 1. X-, X1 ... Xn) 

Mhere Y = output: and X, . . X,, are \ariable 
inputs, 

To this point \e have been ieferring to output 
in tertms of total physical product (I I). The 
average phy'sical product (APP) and the 
niargitlal physical product I( N Pi) cur \es. \hich 
are necessary to determine the rational range of 
input use and productio for the aqluactCUture 
producer. cau be dCLicd Ioltl the productiton 
ltnctioni. [lie relationships auiong these three 
Curves are sho%%1i in Fig. 4. Point A is the point of 

diminishing returns (the inflection point) and 
thus the point at \which MI P' is at its mlaximunl. 
Average physical iroduct (APP) at this level of' 
input application is. ho\ ever. still increasing so it 
makes sense Itr the producer to increase the use 
of thie variable input, at least to reach poir, IH 
where APP is at its maximum. Pointt I thus 
defines tile boundariy bCtxxecn prodUCtion area1 
and II. or the begintning of the area of rational 
ecoioniic production. With ctmtinued increase 
in use of the variable input. point C will 
eventually be reached %x 1 reaches /ero.here NI 
and III begins to decline. Beyond this point is 
area III. an irrational area of production, hecause 
the sanie output can e achieved at lower levels of 
input use and cost. Area II ;s thus knovtn as the 
arera ofraiti o nal ecoomic production. "ho be blhe 
tI determine the exact inpu lieve the producer 
should use. wre need to introduce costs. returns, 
and pro fits to otr tlieoretical niodel. 
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So far we have been referring to a purely 
biological or technical relationship. The 
prod uction Ifunct ion per se is devoid of economic 
meaning, but it is the basic building block for the 
econolhi analysis to follow. Incorporation oltie 
economic element can best be illustrated by an 
example (see Table I). 

Let is assume that we are dealing with a small 
prod uctioln s\stcl \%ith a 0.1 ha pond %%hcrc fish 

(inl kg) is the onlyV Output and where the single 
variable input is Iced (iii bags of 21)kg each). All 
other inputs (land, labour, stocking rate. etc.) are 
assurned to be fixed, bags of feed are available in 
unlimited quantity, and tie producer has no 
capital constraint. Iced is assuled to have a 
constant cost (P,) ot$8.00/ bag, and the fa rmgate 
price (I',) for fish is S2.00,1 kg. We assume that the 
output price does not change in response to 
increases ill output from our small producer. The 
small producer is a price taker in a competitive 
market. The question the fish farmer is trying to 
answer is: "How many bags of feed should I apply 
to maximize my profits from fish production?" 

Maximum profits (S40) are earned when five 
bags of feed are used. At lower c, els of input use, 

tie value of the marginal physical product (VM P 
or marginal revenue) obtained from each added 
input is greater than the marginal costs (I,) of the 
added input. The marginal revenue from the 
sixth bag equals its marginal cost so the profit is 
unchanged Beyond six bags offeed. the marginal 

A C 
B 

H B TPP 
a. 
D 

I 11 IIT 

0 A 
< 

-
0 

TOTAL VARIABLE INPUT 
I I 

I I 
, A I 

1 1B I 
I 

I 
0 M APP 

0 
UNITS OF VARIABLE INPUT 

ri. 4. Ilte produ ti itnto it n t111d.1 tun 0/ il.% 
tierivali'.%(I jrt/ t ti/lht 19t70grt.19710). tuhtre 

"11 z Iotallyl'.%itallprodui. avv'ragephy.i
al lttlt 1. id .11I'' z marginal itpy.sicalprodut'. 



Table I. IHypothetical 

Total Average 
Bags physical physical 

of product produOct 
Ieed ([P1) (APP) 

1) (1 0I 

1 6 6 

2 13 6.5 

3 24 8 

4 34 (8.5) 

5 41) 8 

6 44 7.3 

7 (45) 6.4 

8 44 5.5 

9 42 4.6 

data showing profit maximiiing principle when inputs are unlimited. 

Marginal Vale Of 
physical the marginal Marginal Total Total Profit 
product physical product cost (1',) revsentue (R) cost (TC) (TR TC) 
(M PP) (VM P = MPPP,) (S) (S) (S) ($1 

1 0I 0) 

6 12 8 
12 8 4 

7 14 8 
26 16 10 

(11) 22 8 
48 24 24 

10 20 8 
68 32 36 

6 12 8 
80 40 (40) 

4 8 8 
88 48 40 

1 2 8 
90 56 34 

I 2 8 
88 64 24 

2 4 8 
84 72 12 

Ntle: Maxintni tales,for IPi'. AI'I'. N I'i', and profit are cnclosed thin parent heses. Adapted from a siniilar exan clin 
Snidgajs in Wiallacc ( 1t71)1. 

cost exceetd the malrginal resItclt. In other 
wsords. the priod uiccr slould keep adding inputs as 
hltig as the addilitional rccltiic otlaiticd exceeds 
the alditiotnal cost. 

The saie decision regarding (ptimal itiptit use 
call he obtained graphically. I[igure 5 illustrates 
this Saiiel exattnple, and mla ke.s clea.r thetelatil-

ship hct\sei the underlying production function 
and the cconllolicall. determined level of 
OptiinI titpuit atid input use. Note that profits 
ire niaxiti/cd inithe tipper figure (a) \%hen the 
differetc'e hetween total itcritic CTR) and total 
costs (T) is at its maximui. As siiwn in the 

lo\cr figure (h) this is achic\Cd wicii the .ilue,:of 

tile marginal prod tict (VM P) is equal to the input 
price (11\. ir the iarginal cost of the added 
input. 

Matheilatically. this irneails that profits will be 
Il;.,inii/ed \ hen VIM = I. aid hecatuse 
VMI' - MI'I'I'.. one cal determiine the profit 

ilia.xinii/intg ltel of input se h\ CLIIatitig the 

rliarginal phi\sical prodtr to the itput ultiput 
piice tatio: M II' -- 1, i',.

"lhierc are severlal ittit errca ted co(tichItSi (irs hromf 

this nconstrai.ned case: 
(I ) Ma.\im iinft pl'fduclio! dos niot mavi-

m:i /110l/i.s. Iri orir example,. maiII'inllll 
pr((uction is achiieved with seen bags of feed. 

but prolfits are Iower at $34 thanthe $40 obtained 

A 
100 50 

X Fix rc 

80 40 " 
, 

6f 60 33 Profit 
- Proi 	 i = 

I I'P•Py TRhinctit 
40 2i 

,. I 

21 10 
2 1 I 

,_ i 

I 
24 12 

i 

, 

. 16 8 A Py VAP 
. 

8. 4 - ,P 
N. Py -PP 

4 6 \ 10 

/' i. 5i. vI'loth ti(al re'vi'iilt and 'ol / urv'e, , (I''Ii 

IA alljulrAii l/in ithi,,.Il'P r amira~i' lhr.xicalpri d
iiallpridt/u, I.'P I'vahleI 

of the avera e' rodo t. I MP i'=h/thof i marginal 

rmi/o. (" total comt., ati 77?R total revenlU). 
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from using only five hags of feed. Maximum 
profits are, therefore, obtained at lower levels of 
output and input use than those that maximize 
production. 

(2) 7Ae pro/fi nraxinizzinrg (cisio,, rule is 
Iused on mtarinal wipri'les. A pt oducer who 
bases his production decisions tpon average or 
total produaction and revenue principles will earn 
less profit than a producer %lho uses ttle marginal 
analysis described aboe, 

(3) 7he level vfixedcosts does ntos inlhiene 
the cleci~sin of I/e pIrodmer reiardin, oplintal 
tue olthue variablh'intut. Note that the producer's 
decision is based upon i comparison of tih 
marginal rcenuc and marginal cost ( " the 
variable input. Producers will continue to 
produce as long as theycover their variable costs, 

The preceding example refer; to an uncon-
strained case: that is %%here the producer has 
unlimited capital. h1ireal life, of course, capital 
and other constraints usually do exist, and in the 
long run, producers ha ctie option of using their 
limited resources for several alternative 
production processes. The marginal principle for 
maximi/ing profits, Iiowever, still applies. Fish 
[armers will naximi,ec their profits if they use 
their limited resources (e.g.. capital) in such a1wa1y 
that tle marginal returns from tie various 
actirslies are equal. In this wray, the opportunity 
cost of their capital (i.e.. the cost of the 
atlierlatis e fore ore) does not exceed its %alue in 
the lise chosen, 

Production Functions: 

Estimation and Interpretation 


[he approach to production economics 
describe(] in tile preceding section is known as the 
nleoclassical approach. First. the physical 
relationship bet\,''cn inputs and outputs is 
esliriated. aid then marginal analysis is 
employed to e\ailuate producer b,:haviiur. It is 
assuied thit I.e production function is 
continuous: that is. the margiial I physical 
pridict cal! Fe deei\d from1 tileproduction 
firnctiru; through differential calculus. I here ire 
four distinct sten, in the neoclassical approach: 
specification, data collection, estimation, and 
interpretation. 

Specifica ion 

Specilicatil of the model chrosen ti describe 
tie productiin priocess depends in great measure 
upon the rcseal.her's assrnplions about the 
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underlying biological relationships in the 
production process. )ecisions must be made 
regarding: (1)which explanatory variables to 
include: and (2) tileappropriate function form. 
The underlying production process in aqua

culture systems is not in fraet i direct input to 
output relationship. In milkfish ponds, for 
example, output is only indirectly related to 
certain inputs, such as fertilizer, because output is 
a function of' algae growth. which is in turn a 
function of the fertilizer applied to the pond. In 
this case. the correct production function would 
relate functions to functions rather than things to 
things ((iarrod ind Aslani 1977). Other inputs, 
however, such as seed stock and supplementary 
feed, are directly related to output. Because it is 
difficult to accurately and easily measure algae 
growth in milkfish ponds during a survey, the 
most common procedure is to assume a direct 
relationship between fertilizer and output. In this 
paper. we will deal only with production functions 
that directly relate vario,, inputs (tileexplana
torv variables) to Output (the dependent 
variable). One of our purposes is to explain, as 
much as possible, the variation in output 
observed from farm to filrm. 

In biological experiments it is customary to
 
hold all variables constant, except the one f'or
 
%%hich the bioogist is intcrested indetermniniug tile 
cffect on output. In the social laboratory in which 
economists operate. however, such controlled 
experimentation is not possible. With no 
variables controlled, the production function 
must be estimated from a host of' explanatory 
variables. 

For aquaculture production functions, we may
wish to consider including some or all of the 
following inputs or explanatory variables: 
stocking rates: fertili/er: feed: pesticide: labour" 
land (or rearing area): environiental factors (soil 
piH1. water salinity): management (expertise of 
operator): and dtimmy variables (e.g., ['or 
location). However, this is not an exhaustive list. 

We cal then dcvelop hypotheses regarding the 
significance of each of these Variables (and all of 
them taken together) in explaining variation in 
output. t is common practice to standardize the 
explanatory variables to account for differences 
in farm si/c. For example, the explanatory 
variables could all be expressed ii terms of input 
quantity per lectare (for ponds) or per cubic 

metre (for cages). Fa :h variable must be 
hirnro geneous: that is,fertili/ers of various 
qualities should iot be combined inia single 
\ariable I here is io fixed formula. iriwc\er. to 
guide the researcher in tile choice of cxplanatory 
variables for inclusion in the model hring 



specified. Bilogists should be constlted for their elasticity of substitution (CFS) fu.'ntions, are 
opinions so that in a priori fashion. the those that have been traditionally ftoured by 
explanatory variables can be selected, production economists. 

I)unmyv ariables may also be included to The C-I) function. %%hich is linear in its 
accoutint for diflerctices (in location orclinia te for hogaritimic form. has several ad antages that 
example) that cannot readily, he quantified. A have made it attractive. (I) The elasticities of 
dumynl \ariablc takes the \aluC of I or 0 production. Oshich measure the responsi\eness of 
depending upon MhCthCr the firm ill question output to increased unitsof inputare identical to 
kills in the particular category or not. 'he the production coefficients (/3,). Consequently, a 
presence of significant diflcrences in output by percentage change in outptLt that is brought 
climate t\pC or location can then be tested for init about by a given percentage change in input rise 
manner similar to that used for testing for tile can be easily determined. (2) '[he sum of the 
significance ofihei olher quantifiablecxplanatory production coefficients ( .[I) can be interpreted 
variables. as a measure 43> I.of econonies of scale.2 if t, 

'lie i variable serious for example. positi\e economies of scale exist.management poses 
dilficultics because it is hard to quantify the This iniplies that a doubling of the use of all 
expertise of the aquactLlturc producer. One itiputs Will result ill more than a doubling of 
possible solution is to use a proxy %ariabl. such output. (3) Uliiike the lincarand quadratic forms. 
as education l\el. as a imeaslle of matagemlet which preordain the shape of the production 
expertise. Atnlher soluitioti is totreat the residual surfice. the unconstrained C-I) form call 
(the unexplained \ariatiotn) after estiliation (f describe a production stirface that demonstrates 

the production llnctiol is at measure of Increasitg, tunitary, or decreasing returns to 

tantagement. Iloss'er, this is nit ettirely scale, depending upon the data. (4) Input and 
satisfactory because the tesidtal or' error tW1i (uitput data can readily be used, without 
also includes the eflects of all other sariables not aggreLation (as it the ([ functitif to esitt 

included ill the itlodel. the parameters of the model. (5) Unlike tile 
)nce tihe eseuiicl hiis chosen tileIcleIll quadratic forlm, which Uses tip two degrees of 

explaliorl\ \airiiblcs to inclhlde in the nmicfl. tli frecdoni for each added variable, atC-I) function 
next step is to specify the functional form to be that includes no iierac:ion terms uses only one 
used. that is. the form of the relationship degree of freedon per explanatoryt riable. 

beet\\cci inpus and output. [our a rtcatisc The C-I) production ftietiotn is actually i: 

ftnctin al forins are shtus in able 2. ()f these special case of the CES function it that in the C-D 
loul.,
the first Imodescr\ colb,brief intention. [he futnction. the elasticity of substitution' among 

firt, the litteur form, is most conmmonly tislf in inputs is constrained to unity. li the C-S 

linear prolgranlhL Codels these not tileelasticity ofsubstittution can be anvn aid ae function. 
discussed in this papler. I lie sciild tr.he constant \alue. Because this permits the 

quadratic, shoms ias the special case \\hele allbut empirical data to detemintie the degree of 
ile expltilitorl,\ \aiable ile field Constant. substitutability amtiong itputs, some researchers 

describes i pairulhfl and is probably familfiar to (Miller et al.. undatcd) hav claimed that tihe CES 
itost biologists. I lie third and ourth lufiinclioal produtCioni ftliCtiol is theoretically superior to 

foriis. the ('oiblb-l)ouglas(('-I )hid the.ii~lsittt lhe('-I) forniulation. !itcontrast, "iithe C-l) 

input sha res remain unchatged,f tileli lcti l. , i.thorerer latieable 2.1 idito n;Iluilisol le p lo ti il 
cen \%ith a change ii relative iiput prices and 

--... input ratios. because the elasticity of substitution 
lA/ar betwccti inputs is forced to unity" ((iarrod and 

e f. N N . . + /tAslam 1977. p. 21). Although lie CES produc7 t - ' 

Q(it)fiaiC (igfe ulii1c) tionti function thus has sortie itherent theoretical 
N A. , advan.Ittages over the C-I), it isdifficult to apply if 
log-lilleal(Cofti -l)o l',if ('-I) 
Y - .,*\N 1i1 ...Nit 
or is not coistlruiined"Assuniing that the -f/, illunity as 

log YV log A f /f log N, It. lg N2 ... 4-1, log N i tileoriginal (llbb-l)oiglas cas vlere 
= 


('ollsttalnl Cla'lici,illsiulsillioio ('I-Sf Y AN 10 X: 0 ii 

I6 lie elasticity of substitution sluosus the proportionalY -,1 N I f N 1 r f . ["I 
change in tileCi.pital-lalour ratio induced b a given 

'l~l~i~tlll .N ilipulll. /i I ull illui plidtcl - proportionil chlinge in the input (lactor) price ratio 

ill,.' ladA. 5. 1p clt' ' t [iiu illis,ai' hliek, 1972).m llll (111leiguson 
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more than two inputs are to he used. I he ustual 
technique is to aggregate all explanatory %ari-
ahlcs into) the tso inputs of capital (K) and 
labour (IL). 

'lhe halancc of' the liscussion in this paper is 

production flunction that is estin'ated using the 
O1 . metlhod (G,rrod and Aslani 1977). As 
shown in Fig. 7, the "frontier'" production 
function is dcrivcd by connecting the points of 
maximum output lor each level of input. It thus 

hascd upon the (Cohh-)otglas production fuIinC-represents the most technically efficient input
lion. 

lData (ollection 

*1lie explanation of output \ariation through a 
production lunction reLllites that data be col-
Ictced from a stufficientl\ hlrge number of farms 
to alo\\ reliable estimation of1paramctrs. A 
mininum sample si/c of' 3) is oftetci established, 
so that LtCa degrees of freedom are Iti-

n d
tinid. I) a ta oi inputs, output. prices. a costs 
can be obtained frot1: (I) nIniv\ aqtMictfltiir,: 
larts tor: Single production cycle: (2) one farm 

oser noLtilltIis prtductioti Cycles: or (3) ti tiv 
flirn1s o\l liie. I lhc,c data t\'pcs aic. respec
li\.elcitss-scctio nil dt alitt lit rlrie :
: it -s t andi-, 
llc-scriesti, cross-sectilns (Garrod and Aslam 
1977). 1lhe last of' these tata t\ypes is the most 
desirable. but tle to costs of obtaining a time
series of cross-sc otios. it is rarely' availablc. 
Most tlllllol .itthe ctirient stagc of'aqtuiculttire 
ccOIOtlics I'esc t'ch is cross-sect ionialdam gathered 
fIroni ta (s ll illcs) lndtllik L 'sliamlple of 
produlicers. lecatise so fC\% prodticrs base tecords 
to shate with the researchers. the tsso Iost 

,
c011ll0iin Method oftlatil collcctitn are rcu ll 
qluCstiinriairc:. and record-keeping forms. "Ilie 
forlcr niCthodl is patrticul.trly Susceptible to 
nicasutitmCit errors in Ltintif\ing the input tiscd 
aild outptt atlaincd. Other m easuremnent lriirs. 
catl also ocetr if in ttr\ie \,te. tilietle or fish 
fIrmer fails to correctIv delineate one input frim 
another, say di'ferencces in qluality of 'ariotis 
supplenlenta:yv f'eeds. I he decision of ihaltdata 
tpe (tilic-serie s or ctriss-section) ndiilletitt 

Ilietlitids to tise is [)iosi tf'ten determined by thle 
limited budgets available to researchers. 

E.limation 

Proidtction 'IunCttotis are tustMally estitiiateC. 
tising staidlard mtultiple regrtc, ion tcchnif tics. in 

particular the ordinary least sqtares (OLS) 
ietl od. The ).S nietliod fits a line to the data 

by minii/ing - (Y, YJ. the sun of the 
sL1tlinrcs of tile distaices from the ohsers'ed data 
points to the fitted line (Fig. 6). 

Al important distintction ltist be tmuade between 
a "Irotntier'" production f'unction iad the"aerage" 

outpt cOTimbiitions. -1h estimated production 
function, on tie other hand, is an industry
"a \cragC" 'tlIction because it is derived by OL.S 

methods that take into account all ohset'scd 
inptLit-ot,tUt combinaiors, not only the most 
technically cficient. Cotscqtcnt I. tho a\crage 
prodUCtiionI function, though describing the a\cr
age atUactilture firm in the ss'stem. does [iot 
represent the maximum possible output obtain
able from a set of inputs. To determine the 
maximum producti'e capacity of aquaculture 
systems, a frontier production function should 
be used. 
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One specific estimation problem deserves 
particular mention. The problem of multicol-
linearity occurs when explanatory variables are 
highly correlated and produces biased estimates 
of the prodtuction parameters. Although some 
researchers (Rao and Miller 1971) claim that 
mtilticollincaritv is more of I theoretical rather 
than an empirical problem, the applied researcher 
needs a decision-rule to decide if the degree of 
multicollinearity is serious enough to warrant 
discarding the specified model and starting again. 
One approach is to examine the simple correla-
tions among the independent sariables and 

from the model any that are highlyeliminate 
hncarlv interrela ted. A second approach isto plot 

the residuals (the differeice bctwccn the observed 
Y, and the estimated Y,.)against the independent 

variables to look for any systematic distribution 
of the de ations around the regression line. 

iloscsver. despite some success with these ap

proachcs, no hard-and-fast rule seems to have 
been devised to deal wvith the potential nu lti-
collincarit 3 problem. Fortunately. w\ith laiger 
sample 	 s;ies. the multicollincarity problem is 

red uced (but not eliminated), 
Before leaving the topic of estimation, mention 

should be made of step-\%isc regression. This is a 
technique for entering the independent %ariables 
into the model in order of their contribution to 
the "explained "' variation in the dependent 
variable. In this fashion. tile most important 
explanato:y variables are included first, and the 
researcher can then drop out of the nmodel those 
explanatory variables that are less important, 
This approach is generally not recommended 
unless the researcher is working \ith a small 

sample. 	 Each dropped \ariable \will increase the 
degrees 	of freedom, an important consideratin 
\when sample si/c is small (e.g., < 30). 

Inlerpretation o" Results 

Before interpreting tile results obtained from 
tile estimated production function, it isnecessary 
to examine the function for its ability to 
"explain" output sariation. Two interrelated 

meastircs of "goodness of fit" are known as tile 

correlation coellicicnt (R). and the coefficient of 
determination (R). The maximum possibl.' 
value for R is 1.0. \ hich implies that 100"(, ofthe 
output variation is explained by the estimated 
Iunction. In applied research (ising cross-sectional 

data. one %\ouldnot expect to find such a high 
value for R. The l-test is tstiallv used to test 

tile o\erall significance of the independent 

sariables chosen for inclusion in the model. The 
sign test call also be applied to determine if each 

of the production coefficients (0,) has the 
expected positive or negative sign. Finally, t-tests 
are used to test the significance of the individual 
production coefficients. 

Let us examine I hypothetical example of a 
C-I) production function to interpret the rcsults. 
A three input case is shown in Table 3. The 
variables are defined as follows, with mean 
values and prices its shown: 

Variable Mean .aluc IIice (S) 

X, = stocking rate 
(thousands'ali) 

X, = feed (hags ha) 
(n n -days ha) 

5 
6 
9 

30.00 
25.00 

2.00 

Y = tish output (kgilia) 367 2.00 

The mean valueit for output (367 kg/ha) is 
calculated by substitutiig the mean input values 
into the production function and solving for Y. 

In Tablc3. thc R ,value is0.8:thereforc. 80%' of 
the variation in output is explained by the three 
independent sariablcs. All coefficients (fl,) hae 

dle expected positise sign. 1he coefficients 
of t\vo of them (Xi and X:) are significantly 
different from iero at the l ,i level according, to 

' the t-test. The coefficient of the last input 
(Xi) is not significantly different from /cro. The 
output or production elasticities are 0.3. 0.2. and 
0.5. respectively. A 10 increase in input Xi. for 
instance. \ill produce a 3,( increase in output. 
and so on. Because the sun of the coefficients 
equal 1.0. unitary economies of scale exist: a 

doubling of all three inputs \ill double output. 

Au important question vet to be answered is: 
"Are producers, on avcrage, ccontnically ef
ficient?" In other words: "Is their use of inputs 

optimal in terms of maximi/ing their profits?" To 
anssver this question it is necessary to calculate 
the marginal physical product of each of the 
variable inputs and compare it with the input
oittput price ratio: 

MPPX. 	 > PN, 
< P\ 

If MPP is greater tlhaputhle price ratio. use of 
the inpt should beincreased. IfM PPislessthan 
the price ratio. use of that input should be 
reced. Equality ieiplies prod cers on ae r ge. 
ire economically efficient. To calculate the MPP 
of each input from the production function. 

partial differentiation is used sith all variables. 
= 

"Il,.:/31 = 	 t and I1,.: " (=tre rejected. I1.: 1 0 is 

not reictcd. 

')
 



lahle 3. iIpothcltical ('ohb-l)gla, production 
hind O.' 

Y = 50Xj"'X,"-X,"' R- = 0.80: 1: = 35.00" 
log Y = log 50 

4-0.3 tug X, + 0:. log X + 0.5 log V 
s.c. (0.10) (0.05) (030) 

S.C.3 
()utlptl clasticilic" 

i.3 0.2 0.5 

I:conon l st Scale = 1/1, = 0.3 + 0.2 4 0.5 = 1.0 

'A, :- ,ikin ril,' X.- fecd. V - lilul: and Y 
.1m1put 

stignilitanild tIv 
7 

except the one being differentiated, entered into 
the production ftinction at their geometric mean. 

In the ex,...nple of Table 3, the MPP of input 
X1. for example. \Wouht be calcu~lted ISfollos: 

Y = 50 X"101 X20.1 X"S
aY,/X 	 = 50(0.3)XI 4)7 X2 X,)S 

= 50(0.3) (5) - 7 (6)"2 (9)"1 
= 50(0,3) (0.32) (1.43) (3.0) 
= 20.59 = MPP of input X, 

The price ratio P, /1), = 3000 5 
2.00 

Because M11p1 > P t/ ", e.g.. 20.59 > s).ie tise of inptit X1 on tie "ave\'rage" farm shouId 

be inc reased. This can also be conclti(edf from the 
fact that tfie \.ile of tli, marginal product 
(VM P = MPI'.P, = $41.18) is greater than 
the marginal cost (P\, = $30.00) of the addi-
tionatl unit of input. Marginal physical products 
for tile other two inputs woul be calculated in a 
similar manner. and their use either increased or 
decreased depending upon the i elationship 
hetween tile M PP and tile respeclti price ratio. 

T he pr e ced i n g d i s c u s s io n has fo cu s ed o i l t i l t h e 
pobib-iouglas prrduction fueti n anrd its inter-
prctali(It. Ificre arefornls thatr cartl be nunmerouis (othier fuinctionalused til .irnalv'/e produltctioni 
costs, and protes. As in agricultural ecronoiios. 
cese anid prore Asiaroughly 

these sone\\hat more sophisticated approaches 

native approaches to analyzing marketing or 
delivery subsvstemls. Four major approaches are 
known as: (I) functionai approach; (2) institu
tional approach: (3) organizational approach: 
and (4) price-efficiency approach.1, The func
tional approach examines the important mar
keting functions of exchange (buying and selling), 
physical handling (storage, transportation, and 
processing), and facilitation (standardi/ation,
financing, risk bearing, market intelligence). 

The institutional approach studies tile various 
agencies 	 and intermediaries that perform the 
marketing process. Both of these approaches are 
essentially descriptive. The organizational ap
proach attempts to link the structure of tile 
market (concentration ratios, barriers to entry, 
produoct differentiation) to the conduct of inter
roediaries (price determination and competition) 
and the performance of the subsystem (profit 
margins, 	 technical efficiency, progressiveness). 
'Thisapproach has most often been used in 

comparis Ilis among various industrial marketing 
systems. Finally, the price-efficiency approach 
examines the role of prices and their allocative 
functions in terms of space, time, and form. 

It is tiseful to mention the majorprinciplesand 

dcfinitions. In Fig. 8 a1very simple marketing 
or dclivery subsystem is shown. The output from 
aquaculttire producers moves through marketing 
channels, representing product flows, first to
wholesalers, then to retailers, and finally to 

constimers. 
The prevailing price at the farmgate (P,) is 

related to the consumer price (P) by the mar
keting costs of intermediaries. Under conditions 
of perfect competition, the difference between 
tile constimer and farrmgate prices, known as tile 
marketing margin, should over time on average 
equal the sum of all the marketing costs involved. 
Markcting costs include not only direct costs but 
also implicit costs, such as opporttnitv costs ofm r e i g i i t t n t r a o a l c ~ ntie market inrg inputls arid a reasona ble ret urn to 
marketing intermediaries for their risk and 
mng 	 etexris.Arbitraniong variousmanagement expertise. Arhitaniotg'riu 
trading regions should keep the marketing costs 

equal to tht price diffcrential as long asconditions approxlmting perfect competition
will tindouhtedl\ 
econlilnlISlS ill tile 

find fa\our \with aquacti 
\ca.rs to conic. 

hire (freedom of entry and exit. perfect information 
aabotsupply and derind) exist. Analysis of 

narkeling suhs\stenis frequently focuses upon 

Marketing Subsystems 
assessing departures from 
competition. 

the norms of perfect 

Brief nienliont shol ld be tilil also of some 'lTor tisctussim of thl tiisi andi scCold see Kolits antd 
basic aquiaculture mairketing 'onck,'pts. Jlst as in t 19712): of tire iir see Han ( ittlt ot tile 
prodtict ion eL'cOllOllics. there ate [IIli '.lls altIr- fluti It see Btrcssler atnd King ( t)70). 
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Wholesaler 

Aquaculture Niarketing Consumer 
producer channels / 

Retailer 

P + 	 Markeling costs 
of midd leiman c 

PC- Pr" = Markup/Margin 

I"it,. 8. Ba.'ic mark tin. ,',mc7e/i.s. Oml'r 1'triC'1 
(onywt'Iitl, dillifrtt'neal Ic tj..,arnaW Iprit( (1,,) 
a1ti/It. retail /Irt(te (I'.) .shld11 markt'ligeq1al Ih 
too. of all midlh'men inthlint a reasonahler trfit. 

Conclusion 

The production economics methodologies out-
lined ill the preceding sections lead to conclusions 
that are primarily of interest to the policymnker. 
It would be unwise for a researcher to use the 
estimated prodtction ftnction to advise an 
individual firmcr on optinlu input levels 
because what is needed is location-specific 
advice. More than jiust eco~logical differences 
(soil, climate, etc.) arc in\olved. A technology 
package may make sense in one area where 
input output prices rexeal marginal returns 
greater than marginal costs: in another area 
where the prevailing input Outptt prices are 
different, profits of producers may even bc 
lowered by adopting tile ness technology. It is 
these location-specific dilerences that make 

elhno logy pilekaging s cry difficuLilt d l 
adaptation to locally prvailing conditiolls So 
expensive. IIo\\ccr. progress can be made if 
biologists call determine tile production response 
of different tecIlnologics and ecolol11ists can 
evaluate tile effect oin producer profits. The need 
for this kind lf tcatllwirk is a strntg arguenilt il 

favoiur (f interdisciplinlary a.pproa.iches to aqtia-
culture research and developmenlt. 

Analyses lf Cxistint, aq uacult tire systems help 
[is io undersitand tie tchnica Ill d socloeco-
nonlic c\itirlllllt ill 5hicIl proltcel's operat.te 
and into w\hieh imiproved technologies are t) be 
introduced. l)epending upon tile stratification (f 
tl'e sample. iminport t diflterenecs between groups 
of producers cal also be identified. Moreover, if 

11hii ughl a p rodutiton eono115ics st tidy, a gro28 
ofa cyisting producers are shon to be cconorli-
cally efficient, given the prevailing prices, it is 
hardly surprising that tile\, tho not adoIpt a iew,
allegedly superior technology. production ell-

nonics studies may then force us to discard our 
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olten held vieN that producers are sonlehow 
"irrational." 

In the introduction to this paper, it vas stated 
that producers respond to relative econonics of 

various production alternatives, given theiravail
able resources. A production economics study of 
a specific a Liacult tire system is oill' the first step 
in revealing these relative economics and the 
producers' response. What arc needed are similar 
studies of tile alternative systems (for other 
aquIactlure species, for example) or even of 
alternative use of tie land (for grain prodtoction, 
for exam.ple). 

AqtllaClIt lre economists are following in the 
footsteps of agriculIturalI econolists \.hi h.le 
laced many of the same questions regarding 
efficiency, optimum Iarml size, and technology 
transfer that we :ire currently grappling with. It 
\wotlId not be inaccuLirate to characterizc current 
aquaculture economics work as experimental in 
that we are still testing methodologies that have 
been use(d extensively in agriculttire. Further 
re t litleients, particularly along the lines of cost 
and perhaps profit I'u nctiions, and whole systems 
analysis would be very worthlwhile undertakings. 
It would be unfortunate if we do not relate our 
elforts to the experience and insights of those 
\\ ho ha\e gone before. The \\ritings oIlTheodore 
W. Schult. distinguished agricultural economist 
and Nobel pri/c \\inner. should be required 
reading for everollC interested in technological 
change. (See. for example. Schultz 1966.) 
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Bugav for the figures, and Nenita .Jimcne/ for typing 
the \arious drafts. 
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The Economics of A quaculture:
 
The Case of Catfish in Thailand
 

Sarun Wallanutchariya and Theodore Panayotou' 

After a hief introduction to catfish culture in Thailand, this paper deals with cost structure, 
profitability. and prod uiction technoI ogy. The enphasis ison the doninance otfeed. and particu Ia ly 
trash fish.in the cost structtlr. and the prolit differential het een small and large larms as well Is 
betlween inexperienced and experienced Iarrners. It isconcluded that there isinefficiency in input use 
(too tuth fry and trash fish recon mended that moreand too little broken rice and fuel used) and 
credit he gisen to small larners aiid that research anrd extension be intensified to detcirnine optinsum 
feed fornitilas aid ways to costrol disease. 

Commercial fisi culture, induced by high fish (22.60 bait = U.S.S1.00). This decline in produc
prices and tle decline of fish availability irom tion caused anisincrease ir catfish prices and 
natural sources, has developed in Thailand only should have induced itrise in tilesupply of 
during the p;.stfew decades. The expansion oif catfish. However, this did riot occur: the number 

improvement of 
tie irrigation system that provides water for tile 
paddy land intie Central Region. The species 
coiinionly raised are cat fish ('laria.s spp.). 
striped catfish (/'anlsga.sia. .Ss1uhi). sepat siam 
(lTriclogta t'r Iecloralis). snakehead (Opio-
cep/sal s• .irianius.s). carps, tilapi., anad giant 
prawn ( acroachimtn ro.se'n/itrgii). Arnong 
these species. catfist hae been particularly 
poptlar. partly because oi high price and partly 
becautse Of their short culttre cycle. 

The expansion of lish c,lture. however, has 
its limitations. In Supi,ii turi province. the 

fish culture was supported by tile 

t
largest catfish fa rnlirsa,rca of' the cotntry. the 
nut nsber o farisms. \hich had increas'ed Iron 45 
flarnisvith a totaliarea of 16 506 vW is1967 to 468 
fariis with it total area osf495 646 i12 ii 1973, 
dlropped to 76 farrss %%itl a total area of 
345 788 ,m2 in 1976. Iste decline in both tse 
riitnsber of firrnis and the pond area was lue to 
tosses re:ttlling froll Caltfisi disease. a drop in 
catfish prices, and the rising price tif insputs, 
especially trash ish. a major Ieed ingredienit. For 
the cotuttry ilsa \\lole. tile)epartriment of 
Fisheries reported .1drop ils total prodttctioni of 
41262 t valued at 5798 million bahit in 1973 to 
19714 1 %aluted ilt 315 million hait ii 1976 

of Agrictilllural Fcotiosnics. 

hiversit. tBaingkok 9. Thailand. 

It)lepartlsicnt Kasetsart 

of catfish farms continued to decline. 
Iherefore, a careful investigation of tie eco

nomics of ca.t fish culture would benefit both 
producers and policyrakers. Previous studies on 
the economics of catfish culture were based on 
too siiall, noinrandom, samples that were not 
representative of catlisI culture intie country. 
Moreover. none of tie studies attempted to 
estimate tise parameters of production techinol
ogy or cxamine the degree of efficiency ininput 
use. 
The specific objectives of this study were: 

(I)to estimate tiletechntlogical coefficients of 
catfish production: (2) to determine the returns 

optiiniu1 input use trder 
alternative bchaviotural aind market assumptions: 
arid (4) to determine the profitability of catfish 
flarming by flarm si/c aind experience. 

Most catfish farrms are lociated in the Central 
Region of Thailad and tie two provinces. 
Supia, Bu ri ndtNaklho Navok. were chosen to 
represent cat fists culture irs (ie Central Region. It 
was foud that ,smore talir 50)('of tie catfish 
flmus in each prmiree were iii i few districts. 
Raidoi selectiot \%ere made of 23 faris irs 
Suplian Buri aind 18Ifarms in Naklson Navok. 
The 41 Iarsis. almost l(I'i ol the fartiss in each 
district, etiistitute IfIair representation ofcatfish 
irri,nrg its tile ('erntral Region but do tiut 
necessarily represent orther regions die to dif
ferert cost struictuires and cilttiral practices. 

to scale: (3)to find tile 
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The main occupation of most farmers in the Pond preparation involves the drying of the pond 
study areas is rice farming. Catfish culture has after draining. In many cases, farmers also apply 
undoubtedly developed from paddy fields close lime at tile rate of 3(0 60 kg rai (185 375 kg ha) 
to the irrigated canals. There are sone Iarulers to eliminate predators and other undesirable 
who rent land and turn it into catfish ponds. It fatna and to reduce the acidity of soil and water. 
was ioundthat 78"i oflthe farm sample in Suphan 
Bur| raised cat fish as their nwrin occupation Seed Procurement and Stocking 
compared with only 221'' in Nakhon Nayo;,. Stocking is done after the water is left in the 
Between tile two study aireas. there is a remaik
able difference in the cultural system: catfish 	 pond for a few days. The depth of the waterculure in Suphain turi can he consideredas 	 should be about 50 80 cii. Fry and fingerlingsincensive farming: in Nikhon Navok extensidee are raised mainly in ('ha-Chtierig Sao province,farning is praicticed. iheaeron sie which is the onlv area where hatchery operations. riigiprcie.Teaverage Pond size ivebei' lyscesfl iielrg r 
Suphan Huri is 229t m: compared with 3129 m-n 	 him been gerally successful. Fingerlingsare 
in Nakhon Nayok. 	 transported by truck to the fish farms, and 

in ao. 	 maonirtality (Ioc totrnprainsabu i.N
Experience in catfish culture was hypothesized I ra in .li t trinsportatior is aibout 5. No 

to be one of the factors influencing profitability. 	 rvey reported havirg ntrserv 
Farmers ini Suphan url had a longer history of ponds: therelore. the fing,_erlings are stocked
catfish culture. 6.9,years on the average. 'herea:; directly 
 into the rearing pond. Stockingnaiscuure6.years 	 rate

in a l tNavkagehadi 9 varies from farm to farm.m o s t Ca n ne rs i l l N a k h o n N a \yo k h a d o n ly I2. ) 	 D9r n e t A F s i i i According to thes f l e o m n e 
years olexperienice. lie test oftlie sign ificanceof epartient Fisher ies. tine rec0mmendedI (if 
experience as a deterninant of profitability w\'ill stocking rate for 3 5ci fingerlings is 611 I00 
be presented later. Ihere was no diffIerece ii tie fiigerlirlgs per square met re. IIoev'er. t ie 
average age and edication of fi.rn owners in tie farmlers stock bet weet 45 arid400 3 8 ck 
two areas. MostI'armers \ cr. between 30 and 50 fin geri igs per squailre The ave'rage stocktetre.yea rs of age utnid had 4 yea rs of se hioolI ed uca tion, ii rg rate is 130) firigerliiigs per square metre. Tihe 
yersor. age ad 4edatir cnot' eucatin. reasonTh ere fo r e . a ge 	 given for the high stocking rate was higha nd ed uc a tio n c a n n o t be u s ed to o t l \ o ' f i g r n s ( i e t o m y d s a e .explain differences ill riraagerial ability, 	 nmrtality (if fin gerli rigs dute Ito ma ny diseases. 

Farners in Suphan Bur| stocked more than twice 
as many fingerlings as farmers in Naklion Nayok 

Catfish Cultural Practices ([able I). 

Feeding Practices and Problems 
The tWo catish species raised in I hailand are 

(larias hatirac Io and C. macro'elihalUi and hot ihe ii st importait componelt tf citfish feed 
ire f'ound in natural sources of water. Ilowecr, is trash fish obtained froin trawl fisheries, minly 
wh li ciiIt ured ill a ponrid. C. blorucluv gl , those in Saniut Sakhon province. [rash fish used 
much fiister than C. maucrl''luhah.. liesides. its to be a,low-priced feed duririg tie early 1970s. but 
frv can be obtained from a hatcherv wiere,:, try die to a rapid increase in demand hor other uses 
Of C. macro ic /us must be oblained front such-is fish mceal aind duck irming. tIhe price of 
natural sources. All the sampled flarms in this trash fish has been increasing at a remarkable 
sttidv cullured C. hIu iachU.. rate: from 1.50 balit kg ini 1973 to 2.5(0 baht iii 

Cialfish fry used to he collected froiii natural 1979 to 3.40 baht in early 1981. This increase has 
water sources during May and October. iut. fry forced some srirall f'arms with no access to credit 
prodticcrs no pro\is (I\ roii late Jauaiiiry to to go out of business. Some I'arniers did try using 
No eriber. \\ hich enables citt'isli flirni'es to rise artilicial feed, hut at tie tile of tile survey. 
cat fish tIrrouighioUt tilie ear, fh.irtlers had a negatiye attitude toward articicial 

feed because of its high cost ard tire slow growth 
Por(nd ('.onstrtlCt!ol aind Prelralion ofl catfish when compared \with tile use o(f tlash 

fish. Iowever. if the price of trash fish increases 
Culturing o1 cat fish s'ris \with tire construe- further, artificial feed niav bCcoriic r1ore coCr111ron1i. 

tion and prcpiralion of tie pond. which is dug The feed-riiix varies during the rearing period.
either b\ Iand or 'ith ;i bulldozer to atdepth of For the first 2 \\ecks. the fingerlings ;ire led on 
1.5 2 iii. Iarnlers prefcrrcd using bulldozers to 	 ground trash fish. sometiies mised with ,ice 
make tire border ;rid (likes more c pccliiit aid brin to lhnii a -stickv,' mnixtuire. As tie fish grow. 
prevent leakage. In some cases. especially in boiled brokeri rice is add-.,l to tie f'eed.. lie 
Suilarl Huri. pod hanks \%ere lined \\ithbricks proportions of Iced differ between the two 
and stones to redic erosion cauised by the fish. lcations. I)ue to higher stocking rate !1ariers in 
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Tble I. Average yield and input use by location ill 
40 catfish tarns in Suphian Iuri and Naklii Ntyok 

I79. 

Sutphan Niklioi 
1uri Nayok 

Sample si/c i:n11s) 22 I8 
A\crage lariii i/c 

(i o1 poIid arca) 
A\crag y ield (kg II2)  

2301 
9.56 

3125 
4.16 

Stocking lite (lingcrlligs In') 
lceding rtitc (kg nv) 
)Feed stocking ratio 

188(1(
51.17 

76.00 
17.17 

(kg
I-et' 

'ingeiling)
lix 

0.27 (.23 

Irashlish i b\ \wiglit) 77.87 02.12 
Rice hain ((; by wcight) I1.17 17.84 
lrokci rice (I by \%cight) 7.96 20.04 

Artiicial teed hilit Iil) 0.33 0.28 
Coniclsiol latio (Iced yicl(lSiirxisal raitc 1l'i)
Miediciiie (hah n) 

5.35
33.61 
2.96 

4.23
49.45 

1 t9.4 
iutlcl 1 2.. 

(Il 
(I. 

l) 
I10 Iiingerlings) 

0.35 
1.14 

0.77 
01 

(1 I)O kg Iced) 
atiklahtur iniiht-liols lli ) 

0.(8 
(V.27 

4.47 
0.A I 

Pond iiscimcnt (bali iiV') 5.53 5.18 
Inscintii il lacilitics 

(halit Il) 25.35 9.22 
(iiliiir, peliod (Iiionih:s) 
Crlop mig in itnsity 

(crops year) 

4.09 

1.30 

3.58 

1.44 
Farinc s' exper ience (\ ears) 6.9)0 2.91) 

SuphaI iltri Ise ,Ihigher pcrccitagc of tra sh (ishI 
ill tile Ied. 'he avcrag, proportion ill Suphan 
1uri is II) parts ol trash fish. 2parts of rice bran, 
aid I part of boiled broken rice weight: ill 
Naklon Navok the proportion is 3:1:1 (Table I). 

Ilhe feeding rate reVCIls tile technical ability of 
tie oss tier. loo mich feed not onlv inicreases 
productiin cost but also polllutes the \qtlr atud 
causes diseases. I it little Iced causes star\atiotli 
and slo\\ growth. Most farners fecd thcir fish 
twice a day, once in the morning and tice ill tile 
afternotn. I he fceding rate is determined by 
obscrring Iced consumptioi: \when only a small 
numher of' fish con ict) the sLirface to cat th cfeed, 
it is jLdged that a sufficient anotunt has been 
gi\el. 

Diseases and Treatment 

is the most important proiblcmit)I)iseasc 
catfishIfarming and has caLised tie harrtiptcy ol 
nall. larms. I)iseascs are ctsiderably nmire 
cmtnli than ill tile case of other species partly 

due to the high density of fish and partly duc to 
the por quality of w\'ater, which was pollted by 
decayed trash fish. M orcover, diseases are tran s
I-itted hy ifected fingerlings and carried from 
flarmi to I'lIrm throtlgh the coimllnmoin water source. 

The dli seases most co11ii lonlvound in both 
locations s,,crc lesions, swelling of the area near 
the pectoral lin. and abhdominal dropsy. About 
S('t ol tCie sampled fitrilC rs epurted thIle lse of 
some medicin imixed with Iccd sich ais Tcr
ra llVcin (oxytetracvcline) in tile case of, diseases 
a 
atd formalil ill the case of parasites. More than 
50(1 oi' the farniers expressed ,atisIaction with 
tie treatnient despite its high cost. 

Harvest and Market Outlet 

(Harvesting starts altel 3 4 months of cultiva
tion. The marketable si/c for catfish is 20 25 cm 
ill length and 200 25, g ill weight. Although 
consLimers prefer mcdiuii-sii/c (ish. when the 
price of fish is relaticl' ;ow. I'arnlers may delay 
their harvest Lip It) 6 months. This prolongation 

Ior dclay of harsesting timc, however. is colt
strained by tie cost of additional feed, 'ureto_e 

interest, the probability ofldisease, and possible 
delay of the [text crop. (cneally. llost farmlcls. 
except the few with lge fariiis and high capital 
investment. are unable to delay or prolong their 
larses. 

IHarvesting is by draining water f'rom the pond 
or by using a net. Ustually buyers are responsible
.forharvest laboiur and for transport ol the fish to 
tiarket. Mist sampled larms harvest only once 
per polld. but \cry large potids may require more 
thai oie harvest. 'lh,.re arc a variety ol market 
outlets ranging ('ro local trash fish suppliers. to 
wholesalers, to the Fish Market Organi/ation iin 
Bangkok. Oii average, one-third of tle fish is sold 
to the trash lish suppliers, who ini some cases have 
pli-ided credit to tile farmers. [lie Fish Market 
()rgani/ation and wholesalers from Bangkok 
shared aither third oflthe produce, and tihe rest 
went to wholesalers 'rom other provinces who 
caught anid transported the (ish to the northern 
and northeastern regions of tie cotiitry. 

Although there are only a few buyers in each 
area, 7W(' of the larmcrs reported no sales 
obligations. The other 22(, bought fccd supplies 
Lii credit. (however, there was no significant 
difference ill prices atnong buyers. 

Credit 
Catf(ish citurc is a capital intensive invest

nent, and inore than 5V1j of the farmers had 
borrowed tnloley for their operations. Among 
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the indelbted farincrs. 50(1' rIcei ed l ons fron Costs il absolute terms, both per sq uare metre 
the bank it ;all interest r.tte of' 12 15(1 per year. anuld per kilogram. are presented in Table 2. The 
Blorro\ers Irolll other sonrces. such .s tralsh fish total cost per square lletre in)Stlhlln Bul was 
suppliers, had to pay higher rates. Some farmers more tihan double that ill Naklon Na'ok. 
said the%- %%ereseeking credit bitt tile\' \cre unable llowe\ er. the cost per unit of output for ['larmiers 
to obtain any. in Suphan1 luri was only slightly higher. 

16.66 haht 1g comptred with 1.59 baIt kg inl 
Naklon Navok. Iherefore, it is cheaper to 
prou Us:e:.e atkilograin ol'fish by extensive farming. 

Input utse and yield per untit of ltntd (square
 
metre) are gi\en it I able I. Tie ntost importait
 
input is Iced. As mentioned earlier. Sttplhamn Iu1i Profitability
 
I'armers practice intensik etltture: the\' tused
 
51.17 kg of Iced per sLIare lletre compared with e)spite higher cost per kilograni, farmers i 
17.17 kg used h\ Nakhoi N.mok friners. lie useof (tlir intttasinedcit .Stiphaii ]hur profit than fhrnierssuc made more ttl 

o1 other inputs such .,s nlediie and f ily in Nakhioii Navok because (ifiigheryield. tablelabour \\as also higher ill St, pliall turi. lecause 2 sutmma~rizes tile piol'itabilitv of catish farming
of tile better \:tCr cirCl ion S\StCm tt StttIi;iI .r metre ill bott locations. Alternative 
itiri. less lite] \\,Is utsedf tor \ rcit inngs thalil ill comlcepts ot proflitability are employed: ( I open-

Nakhmo Na ok. I-armttt it SuIt in thin used ;Iating profit, delined is gross reveine linis 
Iote intputts (especially litgctlitgs nd feed) pci \ariatbic costs: (2) net ;lcoilie o1irettirii to o\ tied 
s11,te Ile and tha eit a],ertag yield was moe I ;actols of proditetilon, deied as operating profit
than itouble that iut Nakhon N ino lable I). minus fixed cost: and (3) nlet profit or return to 

the ttse of inputs and ield per squtre Illct'e tiimt.nagelent, dlfined its gross revenue minus 
may lot be \cry ,ncaningful because they depend total cost. IPro'itabilit. per kilogram of fish iii 
oil culture period. which was longer in Suphin Naklion Navok \was higher than in Stiplan It:tri 
Iuri. A studl\ of costs and proltatility %\ill help ili terms of all indicatiots. Ne\ ertheless. the let 
clarily the dillerence bet\mcct intlensike and prof'it per utit of lld \\its higher ill SUphnti Huni: 
extett. i\ecuultre. 26.50 bailtt in2 compared with 20.72 bait um2 in 

Naklon Nayok. Ihis was expected becatuse (lthe 
higher inteitsity of ctlttrc in Sutphiatn Iuri. i.e..

(ost Structure tmore ioNestmiiettt in fixed and operating Capital 

('osts hlme Ibeen classified into three coill- per square ictre than in Naklion Nayok. li 
potieits: I l) \ariable cash costs. i.e.. expenses terms of total piofittbilitv per fari. both 

operating prolit and lnet lIrtl incotle ill Suplanthat are actliallv palid tt an\as \ithtile qnlamititv 
oif lish plduced. such Is fingerlings. Ied. hired Itri s\ere hiiier than in the extensive fartls of 
labotur, and itedicitte: (2) fixed costs. Ws i. are Nakhlon Nayok. IIvieycr. iet profit. xtlih is the 
itidepctildclit of tihe opialioll, such as depreca- let of tile opporttlliity costs of (\tlied factors of 
tiot of ponids atid facilities: and (3) imputed polftictioll. \ as lo\\r ill SuphIai ittri becatse of 
oppo}rtLIllit\ co st",(if t\\Ilied inlputs. \\ hichl I11M lie the latrge Capital inmestment. the a\eragc liet 
cither fixed or ariable. such as launih latIr. prolit per Iatn ill Stplian thuri andI Nakhon 
land use. and itmerest otl fixed capital. Navok \u.is 62 567 balit and 64 750 bailit.

there \sitte il ctrespectively,. Rate of return to capital ii\estlletl 
bet\\Cuflnfile t t cost accttuito rate of reti to total itiestrictit of suptiattlocatitns. \Variabl atd 
fl-is e th ts locatioVaial cotand tileresttt Ititri lartiiers \sur. much lo\er thai those in 
for Ore than I)3"7 ol the totl cMs il. therst. Naklum Na\ok (lable 3).
5\05 dis i.ed bett\\eti fi.:cl and intputed cost. 

Alliton the suiable costs. the c', I of fced Itl Conclusion, extenlsi\e culture. although 
dominated all otheir tcosts accounting, flor 71.2(1 hasing a lo\er retrlti per uit of lulld, can 
of the toltal cost. I rash lish. tile itost importitt PrIduce citfish ;It tile clast cost. therefore. 
cOtiptiMCtt of ICed. IccoiitCd lot nloie than 521 extensive culture should be preferatble especially 
of the total Cost oil a\crage. he cost of by Thai fltriiers lo have little capital of their 
linierlitis catllie secoid at 11.4(( of total cost, on\\ ltin limited access to credhit. Givei the 

citiltry's ;ind th. I lllllers" Iactor eldowillelts. 
'lcIIlceIllth. Ihe saimiIleuicinclue n 1114 t till s. ()lie tlhe aVerage fi'ltrl • 

should Choose extelsive 
h,1111\it sadtpped hCcaisI lhe illnpll anfd Cost dalai gi\,n ellttlttre with lo\\ercapital iniestlleit and less
 
sCreitCotttlplctcIto t f ll risk.
f i utWictolld :itillil Si., 
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Table 2. Cost. revenue, and returns (baht) per square metre of pond area and per kilogram of fish in 40 catfish 
fiarms in Suphan Buri and Nakhon 

Variabhle costs (V 
Fingerlings 
Feed 

Fuel and electricity 

lired labo r 

Medicine, chemicals. etc. 

Maintenance' 

Interest ol operating capital 

Total 

(Standard dciation) 

Fixed costs (F) 
l)eprcciation of pond 
)epreciation o: lacilities' 

Interest on dcht 
Total 

(Slandard desiation) 

OManed inputs (opp. costs) 
t'amils labour (V') 
Intecest oni lixed capital IF') 
Land u,,e I)(F

lota 1 

(Standard deviation) 


Iotal costs 
(Stand.ird deviation) 

Gross reventes 
(Standard desiation) 

Returns 
Operating profit' 
Net income' 
Return to land. capi al.and management 
Return to capital and nwinagement 
Net profit' 
(Standard desiation) 

Nayok. 1979 (22.60 baht = U.S$1.00). 

Per square metre Per kilogram of 
pond atea fish 

Suphan Nakhon Suphan Nakhon 
Bri Nayok Buri Nayok 

17.69 7.08 1.85 1.74 
116.67 39.06 12.21 9.62 

2.61 2.69 0.27 0.66 
1.65 1.27 0.17 0.31 

3.15 0.42 0.30 0.12 
0.74 0.51 0.08 0.13 
7.13 2.56 0.75 0.63 

149.64 53.65 15.66 13.21 
(94.69) (60.08) (17.19) (7.60) 

0.55 0.26 0.06 0.06 
2.53 1.99 0.27 0.49 
1.06 0.88 0.11 0.22 

4.14 3.13 0.44 0.77 
(4.75) (7.72) (0.95) (4.07) 

0.66 0.47 0.07 0.12 
2.25 0.88 0.24 0.22 
2.32 1.08 0.25 0.27 
5.23 2.43 0.56 0.61 

(6.1) (4.4) (1.3) (7.1) 

159.01 59.21 16.66 14.59 
(100.6) (63.7) (18.5) (7.4) 

185.51 79.93 19.41 19.69 
(120.2) (72.0) (3.7) (3.2) 

35.87 26.28 3.75 6.48 
31.73 23.15 3.31 5.71 
31.07 22.68 3.24 5.59 
28.75 21.60 3.00 5.32 
26.50 20.72 2.75 5.10 

(99.0) (35.8) (19.A) (17.6) 

e .nruk IuTeuilie'I ihllihngs. Inultllner\. and equipillelni. ponld milntenalnce eurisisted nuliinlY of Ilbuir costs.I'cludut , . 
A 'at'ihlit'so i~de 111llhhlV ,anld equlip'ment.Inat'hm ml.' 


ot)perailln proltll Vpi t'\efite%alll e cilt.'I . 
Ne't u It r 'o to l l - ope'iuling prolil lixed co,s (I).I ncme ld puI 

Netg p lh i nt nlu1lo IIlunutlln esniltotal ts
nllo' n en 

Nie: ValindI iclt.r |i' ,;tntk t s thu ,n int he reg11ruteutIr II hic it Ied 
ltle opclillinn| V, IndI '. oin tIe then Ininu r c e r,.e,pi ii itilelectisc . Io 

ionlll 11li. oll%[llltlc lll, Incomelll.IaItl " olllodul aind. ll c [ltt 

siithouui itnpiirinftis,illneunntinhec lisllnntan 
t halctllsist ilpinlitietlts II)oiM iIm:,td st,s 

Role of Farm Size 

Ile si/ of fartit \\;tshypoltesi/cd to play an
inpnrtatt role in farm sttcess bcause if reflects 

aailability o1 capital. access to credit. and e\cn 
tmanagerial ility. I he sampled farms were 
classified into small ( I1)0 I: and less). mcdittl 

(betweetn 1001 and 3000 in2) and large (over 
3001 m 2). I iere were 12 small. 15 medium, and 

13 large farms. Yield, total revenue. costs, and 
rate of return for farmls itlboth locations arc 
reported in lablc 4. 1lie highest average yield 

(almost II kg In:) was obtaincd by large farls 
under inltclsie culture in Stiplan Buri. Under 
the extensive culture the small fartms obtained the 
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Table 3. Rates ol return (riper farm in Suphan Buri 
and Nakhon Nayok. 1979. 

Suphan Nakhon 
Buri Nayok 

Rate of 
Rate of 

return to ('1 
return to 'IT' 

93.) 
74.19 

150.0) 
102.1 

Ratio of net profits to 
variable costs 17.7 38.6 

Ratio of net profit to 

'iatc I rcurn tocapitl in imenit((W) (returncapitl
and mu1apeimen Capial i lusmtlli W)0. 
"Rae .o1reinarnto vtial inm'imnent It 1) (eturn toland. 

capital. and Iinald eic l Ioi llItIImesiuieiil X 10. 

highest yield (7 kg m 2). IHigher yield was 
obtained by more intensive use of inputs and, 
ther,'6ore. higher cost per unit. 'lie net profits of 
both .imall aind medium farms in both locations 
weore negative. thereas large farms shotsed a net 
profit of 230 236 haht per farm in Suphan Buri 
and 201 (121 haht in Nakhon Navok. I hus. lange
f ms are csidrablv more

fanNaeosdral ocprofitaible thainsmall and medium farms: in Iact. the latter are 
not econtmicall\ viable under the present 
conditions. 

Role of Experience 

Fxperience was thought to he itdeterminant of 
profitability in catfish cultutre because expericnce 

would allow farmers to adjust to changing
economic conditions and adopt the most efficient 
cultural practice. Farmers in both locations were 
classified into groups based on their years of 
experience in catfish cuhure. Fxpcrienced 
farmers were defined as those with more than 
average experience: inexperienced farmers were 
those with less than ,verage experience. The 
average experience was 6.9 years in Suphan Buri 
and 2.9 years inNakhon Navok. This method of 
classification allows comparison within each 
location but not between locations. 

Yield, costs, and profitability classified by
experience are shown in Table 5. The average
yield per square metre of'the experienced farmers 
in Suphanl Btri was alnmos dotible that of the 

inexperienced farmers, and in Nakhon Navok it 
was more than three times as much. Experienced 
farmers in both Suphan Bur atd Nakhon Nayok
showed significantly higher net total profit than 
the inexperienced farmers. Because there was 
little difference in the use of inputs between 
experienced and inexperienced farmers. man
agrial ability d to expcrience in catfish culture 
agra ablt Itetecould be the determinant of the difference in 
profitab*ity regardless of type of culture. 

Ihe implication of this finding is that a certain
scale of operation and level of knowledge are 
required I'm a successful operation. Large
farmers, in gcner ., arc more specialized and 
hiVe mo10re idvwntllwg, in terms of access to 
capital. credit, and technical kno\\ ledge. 
whereas, many small ftarmiers. who take catfish 

Table 4, Summar\ of yield. re\enue. costs. and rates of retuT for different si/e farms in Suphan Buri and 

A\cr; elld (ky ii') 
Gross re\entie (halo) 
Total costs 
Operating prolit" 
Net profit' 
Rates ot reiurn ((c) 
R e ofreturin it)CI' 
Rate of return to I1' 
Ratio of tiet profit to 

%ariablecosts 
Ratio of IOct prolit to 

gross rectwnLs 

Nakhon Nayk . 1979. 

Supian Buri 

Small' Mediuim large Small 

7.07 6.79 10.91 7.06 
84717 

103778 
190374 

203107 
1074370) 
843985 

82950 
85891 

11480 3640 273464 8664 
19062 12733 230236 2941 

123.1 8.9 144,6 8.2 
81.6 14.6 110.6 5.0 

19.8 6.8 28.1 4.0 

22.5 6.7 21.4 3.5 

Nakhon Naok 

Medium Large 

2.42 4.30 
68281 600494 
71866 399474 
7940 229941 
3585 201021 

5.2 239.9 
1.9 151.2 

6.0 54.2 

5.2 33.4 

'Small. t',,,
Wh. 10)0 Ill'.ledilm het.neei 1 ;0)1 .W))W)in: large more ihani30111in'.
0)ilpl;uiug pl il -- )yOiro ,IuIlile \iarlhle cmsl,. 

ietu iildu it l " s.. l, lolllkii,(i 
'RItc l ret in II Gapiiat uii.'1 Mle't lreilutCapiitl muaiud ullii' 

Nei p olii '- l to ma r.ilge u11 n %[,. 
ell l capitll in .seini l) X I)0.

Ratie ilretiln ito iutalitmsi .ill-" Illlllniit land . Capitial. alitdiaini geitiieii iotalilie\itnetu xI> t'filt). 
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Table 5. Summary (if' yield. rie,\ite, costs and rates ol return for difterent armount of experience of farmers in 
StphaniBuri and Naklon Nasok. 1979. 

Supli... Butt Naklon Na tk.. 

Inexperience(' lxpcricnccd Inexperienced 1-xpcrinccd 

Aserage icld per in" 

Gross re\citics (bahl) 

Total costs 

Operating profit" 

Net profit' 

Rates of ret urn (")
 

Rate of retlurn to (I, 
Rate of return to IT 
Ratio of net prolit to ,.ariable costs 
Ritioof net prtlit to gross 

recenues 

7.41 13.25 1.54 5.43 
424846 453767 52986 495822 
413346 329667 62365 338334 

38140 140573 4363 179388 
11382 124100 9380 157488 

19.1 320.0 16.6 286.5 
17.2 208.2 10.8 178.0 
2.9 39.6 19.3 49.8 

2.7 27.3 17.7 31.8 

CspCIlI. il iiccd. Iii %i ll Illt . il\ llc c\llucrclccll : Iciigcll i\pclL cCldt . liitcI, \ktll] Ic" thll l c: estIC io than 
c\pLII'im cm \%., hI t) %caitl ill Stlphiml Bull t t l 2.9 .\ct.' l' i NaIkhlon N;$.ok. 

O()pc illll i,I I IIIC \I t (' 

c c tota~ii cNCt p~oI I CI III 1 i.C[II i,.. cc l 

(RlC It t hil a ii llili'n (cu t[o t li'll 
RittC Ol lClItllI Illh .[II ll\t'tlllt.llt (ItClIlIll I0l lold, LAIt. 

lullll i 1\1CMt llni il 

culture as a tmitior occupation, have little access 
to credit. insufficient funds, and the inabilitv to 
take risks. Ihe availability of lunds or creditland 
technical kno\\ledgc attd skill hold the key to 
stIccessLul catfisl culture it' hIiland. 

]Production Technology and Efficiency 

While cost and return analysis measures the 
success and failure of fartn business. the 
estinatiotl of tite prloduction futnction identilies 
inputs that influence piiduct icld antid sitoss the 
efliciency (f input ttsc and the returns to scale, 

A Cobh-l)Otlglts pro0ducti Itinuction \was 
etuploved to estimate tile produclion technology 
if, catfish taMing iIput attd ottput data of 40 
farms. 1 le productioin lttnctiin utsc.l can he 
expressed in the follo\ing general form: 

I(x. x . ,. ,_.X.. \J. \he \icl 

in kg tne: x, - numbet ol lingerlings stocked m 2: 
x, qtantity Of trtish fish used in kg in: 
X iquatntit\ (it broken rice used in ki m 2 : 
X z-qtantity of ric htran in kg m 2: x, z amount 
of luel in kg t1: x,, 7 chemical and medical 

treatment in h aht in2 : x. a labour in Man-
anti \days i: Xd fixed capital investment 

(excluding lattd) itt balht In., 

Because farm si/c, experience. and location are 
also important in determining icld. dlitnly 
variables (I). I)D. l). I3) Nkcre als(u included sttch 
that: l), = I if farm is siall ( 1 100) l) and 

= 
cqtuals 0 otherwisc ). I if fiarm is large 

'I.. 

idllalla lll ii t ital i sll ic..icti X 11 . 
.lll[ lla llop1cilllil im . X- I100.ilildt Ito ll csI\C III[ 

(> 3000 rn) and equals {0otherwise: D, I if 
farmcr has more than the avcrage experience 
(6.9 for Sttphan1Buri and 2.9 for Nakhon Nayok) 
aind equals 0 otherwise: and D., = I if farm is 
located in Nakhon Navok and equals 0 if farm is 
located in Sttpha n Buri. 

Ordinary least squares methods were used to 
estimate four dileletnt regtessiont tmodels. Of 
the eight explanatory variables in model R I only 

tour, fingerlings (xi), trash fish (x.). fuel (x,,),and 
family labour (x.). were statistically significant 
at the 0.05 confidence le\el. This model could 
expl,,in 70('i of the variation in vield. Fingerlings 
\as the most powerful explanatory variable with 
the highest partial output elasticity(0.484), v, hich 
indicates that a 10(' increase in the stocking rate, 
holding other inputs constant, will increase 
yield by 4.845'. The sum of' all partial otttput 
elasticities was 0.897, which indicates diminishing 
returns to scale. 

Dum.v varibles representing frm si/c and 
experience were added in model R2. Both these 
dumny ariables wcre significant at the 0.05 level 
of confidence. This model indicates that there 
%\eredifferences in productivity bct\,,ccn large 
farms and small or medium fartns and between 

experienced and inexperienced farmers. Treat
ment (x,,) was added to model R3 and \was found 
to he highly significant. Finally. model R4 with a 
durumn' \ariablc for location could explain 81% 
of yield variation. althoutgh variables significant 
in other models turned out to be insignificant and 
returns to scale changed from diminishing to 
constant. 
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To study price effi'iency. tie marginal physicai 
products of the fotr main inputs, fingerlings, 
trash fish, broken rice., and fuel ssere calculated 
as follo\%s: MPI,=b. ( xJ. \%sherc MPP,= 
marginal phsical product of input i: , = partial 
ela+ticit. of prduction of input i: = estimatetd 
output at geoettric mean of all inputs: and 
x, = geomet.tric of input i.meacnt.n 

t1fficicnc\ ill input use requires that each input 
is used at such a lescl that tile \alle of its 
marginal product is cthial to its price. or 
VM 1), = IM P, - P. s%hre P, is the price of 
OIili, or (VI P P) I. If the saluet. of the 
marginal product of an input is greater than its 
price. profit could he increased by increasing the 
use' of that inputl. I lit restuIts of thesecalcuilatinis 
ar srh \n in lable 6. All four xiriahles incsti-

gated tere utsed inefficieintly: the numb.er of 
fingerliings and qtiatit of trash fish used should 
he decreased and thtutse of luCl for \Vater 1;unlge 
and of broken rice should he increased. 

SUmliary a~ll I~oliCy Implicattiofls 

(atfish culturc i) Ilhailaid \,as initiated hy the 
farmers \%ith minliillm support from the 
go\eI'llleit. lie. eptMlusiOnl f ctatfish cutlture 
was dranatit iin thlte 19060s and early 197011sbut 
in recent \cars it ha, been retarded b" the spread 
of citfish diseases and tht escalation Of input 

Iahlt 6. Nfaiginl phsical piodutt. input prict. nud 

prices, especiailly trash fish,. which accounts for 
o\tr 50f7 of the total cost of production. Many 
catlish lariers ha\c hetn fored to switch to 
othlit r species or crops. 

I lie costs and ItLurns of \arionuS fall Y/Ces in 
Suphan Buriand Nakhon Nai\ok c cilculitted 
aiid Conparcd. It ',as found that. on a ral'e. 
karmcrs in both locations made I net profit of 
o\er 6ff0fl bahIt per crop. II o\\ecr. this 
aggregate picttic as shosmii to he tdeccpti\c 
because the profits of large falrms \kere a multiple 
of this iIIOtIIIt \%lere;i SHmAll- anfd nllditll-Si/e 
fIarns incurred considcable losses. Experience 
\\as also found to dri"i-miie karmll slccess. 

An estimation of the prodctlii tlichnolyg' of 
fish culturc indicatetd that the illni irictors 
iIluc.ucuig .tld sser.: seed. ted. (especially 

trash Iish and broken rice). and ul a,, a proxy for 
, atcr luaniges. Ilos, e\er. the Use of these inpuits 

\sas found to he at inefficient le\els. Increasing 
the usc of broken rice and luel and decreasing the 
tlunniatit\ of trash l isli and the stocking rate would 
iiiipro oc farm proflitahility. 

With regard to golverllien[t policy to\ ard 

catfish birmers, the go\ernelut should assist 
lrmers., especially those \,,ith small farms and 
little experience to o\ercomlc the problems of' 
high operating capital. instfficient knowledge. 
and high risk arising Iron the spread of catfish 
diseases. Appropriate slhirt-term credit schemes 
aid practical research and cflectist extension oti 

prit'e tlicicinc\ of 410 catfisf lairns ill Suplhan +ur. 
hailandt.
979. 

I-iniiu ling,'I 
(XI) 

R i'esiunu R I 
NI I' 0.022 
VM IP, 0.423 
I),  0.936 
\MIP, P. 0.452 
Input use I)eucase 

Itessioun R2 
MI, 0.1)20 
VMIP 0.385 
1'. 0.936 
\'M I), P, 0.411 
Input iuste I)cre;ase 

Regiesioi R4 
MP, 0.017 
V R 0.341 
p 0.936 
VMIP, 1', 0.364 

iraslh ish Iroken rice I-uel 
(x:) (x,) (x,) 

0.09() - 2.52 
1.755 - 44.63 

2.350 - 4.75 
0.747 - 9.40 

)ecer.xase - Incrt'ise 

0.089 - 4.09 
1.730 - 49.70 
2.350 - 4.75 
0.736 - 16.78 

)ecrease - Increase 

0.051 0.982 2.95 
0.996 19.120 57.54 
2.350 3.100 4.75 
0.424 6.373 12.11 

Input lst )cre se D'.r.a se Increase Increase
 

MTI'' - nal inial pfs s 'tal runoti. i ol input i. ,It' \;altleu I n inalpinl.nItii (if iniputi (MNIPI',
>:plice nil (iutp i):a tll1', 
= 

puree nu ulpuli I. 
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tile problems of' disease. feed mix, and w\ater and utili/ation of trash fish so that a part olthe 
can be used for human consumption.management are iicc, sarl i cailish firming is to catch 

reco\ser and rcali/c its fkill potential ill l hailaind. Should the delaree of' acecss to inputs stich as 
it is encouraging that the National Inland credit be tested as a possible determinant of' 
-ishtric' i illrstitute of the )epartment ollisheries profitability? Farm siic could he considered is i 

is presently conducting research on catfish proxy for the degree ol access to iipits bill the 

li"Cilses, Iced imiploellelllt. and \ tiel quality. It possibilit,' of Using other, perhaps better, indi

is lopedt that Slceslfil irsulls obtaiiicd ill cators Cannot he ruled 01ll. 

laboti ies arild experineital 11iri1s \will becolli" Fish clllurC is Site-spcific: therefore, is it vailid 

operational aid be passed ol to tIhe fiarelrs. to compare prodlctivitN betI'en diterenlt loca
liols %\itlhoutexplicit consideration of soil itrld 

' i ritselallch on edl.lcl ILocatiointhi ls ilt\ ik t, 11l t( l t th c1illatic characteristics? "its tested as
Fcollllllc tlC IllI hililaind Condct()I t~ll~Ialiliing 

liril h s'It ( ;init Sli i ll .,\ r tiiuria 'ii tiiiiifiiei nlt e.xplanlti r \ ariable tl'yield btll it wvas found 
adtinkied h%ihi Kii t,,itlAritl l(cRciirchindI be statisticall\ insi gificall: hollwe\er, there is 

l t ltl) l i l ile also a iieel to examine the role of, site selectionK a i bIprict 
wkithin each location.

i )cthonprcni lililc 
liiicriillnat (crci 11r I i ing A lltaic Resi lices 

[lie interaction of econt onic and biologicaltlallagerc[ltlit (WI ARM)t. Ihlie dIt, ed i,rsl iiill l is 
plri-cl ilre rplieolt ii Pala\oilll. t.. Waltlluichilri.u, tactors of production must be accotinted tor ill 

llfa. S.. tand Icuuiullics asS., Is\silaii llI krIiiia. R.. t lie production nal\ses. I his \%its recommended 
it (ifll I m illing in I hailand.t l)CIlmiilint l lil important area fr lflture collaboratlie research 

Agl-lellillill I;clirii.' Katsi tii 1ri between and biologists. Additional. ' 0',ii economists 
ltiikok. l'chrmlii 1t1. lic tiiliciailtlpli ut area foTrIbiological rcseairch w\elea.llso identiticf: 
IR. AR t iiiutmit tiifif iiciiiml f . Isse1iloiinta antI experimrienltation w\ith alternative feed lormilas 

R.tI~Li~ iale,grillltilI iiunsledgertl. ail in estigaliiil oil he relationship between 

\wlcl tua1lity atld diseasc. 
D.iCussion.i I )ifllrellces beet cern biologistsili approalch . 

ait ccioniist, \%ere noted: ftr instance, while 

\Il\ \%,its ia duim variable lied to represent ceoollonlil locus oil econmlnics of production of' 

Calsic w\henl at11 iilitllti\ " easlrllelrC, ile si/cof at ior ass of fish ill the pond, biologists locUStiol 

Ilt Ill ill Stf lielCiictirc". \ail 
k aila le,? Inpil l111 indiidiuil biilogicill relationships and tile pro

otllipilil ( v stlridlti/etl aind tile diciion of Hince. Ihere is Ior 

pirplise t inichlill of falrm si/c as all expkill- iIl\l\Clilcili of ecoimiiiists at the experimental 
altlr vaia~le, \as oll Ii caiptlre piisiblsc'a'll lc' tari data can be ised by 

hitll'Cil btli hiomlss. scope 

stage peinireitl 

c 
ccolllllics, A tuniltm e oiflllhirin si/c ecomliltito esiriatit yield ctl ves considering 

\is tsuted, btll it Uriled ilit to ic stit seplilclv illIillilll grillhlt and mortality rather 

it. ll hi llilli"S. 

I It so'iiill (Ic'ills iii feetl trash ish it, I lie lasl point riise tlConcerned the role of' 
ilsiglilica thillttol 

cai lish lot hiihi-iliucille grollp toseser profit- Cxtc ril it ica" and. partictilirly. the effect oil 

iblef slitn there are striis pliiein deficiencies prolitalbilir\ of (filerilil \\tiler quality allilng 

illiimiog ile pollr iil deCvellping c iitrics? 'Ihie filllls arising runlll ilipstrcaill-dolnstrarll ollhl

lilsh lish preerill lilldctl ill 1 hailand ire tiol. 'Iielicecd for aotfarllntitnlivc measure of' the 

ursuiilble for hurian conisuiptioni bul receritl\ Cfecl O \\ofter Lflilit oil prodtctivity ald 

efforts have beell made io irlliprve the handling piofitahilit\ was identified. 
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Input-Output Relationships of Philippine 

Milkfish A quaculture 

Kee-Chai Chong' and Maura S. Lizarondo2 

hlieexisting gap herteen experiniental yield and potential yi1(d under ield conditiotns and
actual yild is highlighted. Ilie determinants of actual yield are ins c,,igatcd h%estimating a (ohh
)ouglas production function relating yicld t( IIexplanatory variahles. lhe inputs fouid to have a 
significant impact on otptH ut.,rcrocking of Iry and ling.rlings. age of pond. taint si/e, I'erdiiers. 
and 
 i,,cllatcois operatin g cot s. istilrat's of tie rmarginal physical productivity of the inputs are 
us'd to sIud.y the optiri/iation of input alloation. C.. the opttirum stocking rateat thegiVen input
prices it is cornchludcd that. at current prices, a profit-maxii,,ing milklish farmer irt the Philippines 

,shmould raise the stocking rate il deeper porrd arid increase the ue of Stupplementtary inputs. 

IhIa cotuttut MIshere fish is one uf the main production employing more inputs, its adoption 
sturces o1" proteilland aquacirlttire hts a lotng is a question of'ecltnilics. 
trmditiotn fiish cLturt can he expected to play arn Informlation ott the technology and costs and 
important itle itl supplying the fish needs of' the returns (l'iilklislh culture is aleady available. In
cotmirtn, cspeciallv in siew of stcadily rising fish fact, milklish production has been the sub.ict of 
prices. Mt-er. thite catch front capttre fisheries ru ritons stIrvcvs to gather data oit production
is 1c\Cling off rr c\cr declining as litiits to stock practices interms of input tise. Thieir conclusions 
expIoitatin are reached. Ill the Philippinres. point to the importancfe tigreater intensification 

aquactItirre. ishisi.c ki w\il prcdtnrlitnantl\ of iperations anrd atnagetent to increase 
milklish ctlturc (Chaio.s 'I/tfimi.s. prtvides less milkfish production inthe Philippines (lRabanal
than| 10(i of tire total fish supply. 19i: Tang 1967: Shartg 1976: l.ihreroct al. 1977: 

lihere are at present about 17000h;i of ('iorig 1980). Sirang ( 1976) obser\cd that rapid
brackisih \atet pontids devoted to rttilkfisi culture increases inthe cost of fry and fertilimers are likely
itt tire lhilippinics. I lie 1)73 77 acragc itilkks tolit discourage prodttcers inl tire Philippines from 
protductiot per .,ar was about 110)00( : at adiplopting ittctisivc fornlitngCChliqteCs. How\iever, 
acrage yield of abnt (l) kg Iha year. [Ihis It\\ the use of cxpcnsiic inptits can he profitable if 
trational a\s.er+C yield Itas heen | perennial properly carried out as Shang delmonstrated for 
problem and it rmaior ecocerr foi tire lPhilippine Tai\ai. 
go crl ntle [It. Why then has milkfish culture not played a

Past and prcsCltt research tililiprocd tcch- bigger role inthe P~hilippines? Wh.I' ihac milkfisl 
tiqitsC' 0r1ntilkfislh priodrict ion ravC slnO that yields been perennially low in spite of' the
tire .yields of Philippine tttilkfish ptds can be a\ailability offimprcd technology? Ilis study
increased h\ itt Ieast threefolti. It fact. such attempts to anrswr these questions by assessing
threcfofid icrtra,,C, itt \iClts ha\t h:bci reported the responses of milkfisih priodtction to stipple
lot" a linmiteti numibrrher iof faris. AIIIII pCr me1Cltilr inputs arnd by qutantifving a le'w input
icclarc * iid,, itt excess cr1201)0 kV are attainahl otutpult relatitships Of milkfisi prtduction in 
% tlit the e tf lrurc inputs. As\ itli ali irt l sie the IPhilippines. 

-.-,-ir..lh,.Inte.,ruainal (stter hcr ,irough pplemental inputs have to be used
Iseliiot Resi alcr cll Centl to im pros)\c the prodt ctii y of i ilkfish pondsAqlatic R l llucc,,fi'Mily, Manlagettlnt (IWl.ARM ).is.iP.O. Boix 1501..rce M Maila. lhilip-ottelo (inteisilicatiotn of' tperatitons), the tncertainty of,

pi.tet output respotnse due to inputs affects a producer's 

:,Seoior Market Ana.slsh lhrreatu if Agricuiltiral decisilon il tile LISearnd rates of' tse of" such
Fcotnotmics,. 5X2 Quue/on A\enue,Qrucon City. hlilip- inputs. As a result. the prodtcer is nraturally
pities. interested itt knowing the costs and benefits (and 
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risks) involsed illincreasing inputs. 'I iepresent 
study addresses concetrn slhos thethis and;li 
responses of milklish productio, to %aiiotus 
inputs. 

Inuprits arc not applied tuihrm throughout 
the countirV. I heUre is, therefore conrsiderable 

geographical ariatiori ill otutpuLt. Some ultis 
could. hos\\\er. he due todilIhretiCces innion-
mental condilios Such itsoil tyip,climate, or 
pHn. [his sttld concentratesn output \ariahilIity 
related to inputs. 

Soil type', cl l ate, and p .although itmlpo tanlt 

detrm ining ot iitill cInnotptlUt ,
actors in 
h~-"(explain~h iddlecie~ ~ ~ ~al e i[ieeplainn all the \it'd dit'ries ohst'rs 

country. I ike Pllropduction iuctisitics uiider 
rnman control and allna nent. tilelimilarioirs 

oi productiin ill rInilklish Culture illerelited to 
tie use of inrptlts. 

Objectives 

hr cstimate thre input-output relatiotshiips(I) 
(production l1unrctini) lor milklish productiot ill 

selected Plo\ irrets iln tIre Philippirres. 

air1(l for. tire s' role country. 
Cach of s.'\te 

(2) Io detcrmliie tIre irlrill prIodutisities 

and rcturlrs of irplits uised in diliHi.+Iut'tqliltitics 

and pr'poll ios. 
(3) I odcri,c the optiliriiii iates olapplicatioin 

of tile \aril't ilipuls used ill produncinig rilklish 
b' using irestim;ted fune.iorisannd 197," prices. 

(0) luo sios s\lich inputs are the Illost 

importllitdetrmiiants of total output. 
(5)1 Io1ilnll\tc liaiirlls Philippine milk-t ill 

fish prolutictiorrn\ pro\ inc. 
(6) 1IIIe tire Cstilited prOductiolt furictiorn 

orIll to Produictirln IlCevIeOlllnodel) PldiCt from 
gi\err leCls of irrput applicatiioin. 

Methods 

Data ('ollectioni 

A working kirurwltdge is rceussanry of tire 
prohutctiir iiperatiions for which flurctiollill 
input-output relationships are tuohe enripirically 
estimated to corrrectl spCcifly the prodtctiotll 
I'unctioll ard collect tire appropriate data. )ata 
were obtained thriughi cross-sect ion st eu of 

prodttcers il sC\ir pro\iets o1 tire Ihrilippines 
cOCrirg tire produnCiotn period .1,airtiaV 
Dcembcer 1978. 

The most Commn anild widely practiced 
ailrlii lha'soutllethod of proluctiol is thrLtSe oti' 
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comprising nursery. transition, and rearing 
(gIros-out) ponds. lhe sample for this study 
consistsofrilklishproducerss hose irns areof 
this dtsien, lie tcrage si/t o' suchit farm is 

.t 
surveCy6ltI h.a Ihe rov inceCs COsCt'ld in tlhi 

ill i, allnor*lth to soth0. CaIIa'aIll [)glaipsinitn. 

Isulacai. Masbate. Iloilo, Bohol, and Zamboanga 
del Stilr. A mininrum of 310respondents per 

prt 4\iice \kis taken as atsample. Ihe largest 
hurIher Pangasinan.of respondents. 811.\\as Irom Ii 

IPnr)osi\C srliPling \is used to Obtailr as 
tnlt'~tl olperatlorshtlnli+ intnp ofi milk fish ais 

klIoprt'si t shlio gei col s a'imeo 
possible to eliminate dtinlernIces i nproduction 

tchnI~iqueIs and to ohtini dalta f'romI aIraneg Of' 
falrm si/es and rates of input use. ()nlv milklish 
operltors 'sho use SUpplerricirtary inputs are 
includCd inltile sMitrpl'. 

It \\ias possible. ros\ser, to restrict tiretot 
sample to alrls th:t lllloculture trrilktish. 
SOIrre lfirllIS ciultUlC petiacidthilt rilkfi' h atnd 

shrinlp \\ere ilSo retairred in tlh, sariMple, hut tile 
output and tire correspondir g \ilue of penaeid 

sirirrp were tot co;rsidered ill tlre analysis. 

Iecause 197 \\as used its the reference period 

Ior tire iformation corllected, the 1978 price 

stru ture Of illptts nd oultpll \IS idhered tor. 

.,\I"l illoiatioicollected is based oili quartities 

Of lpn s actatlly, us'd rId tiot tloseav\iilible for 
ut. 

I Ire datia \\cr collected h\ a core group of 
X 10 closly super\ised enrunrerators, assisted by 
t\\o udditionual entnnrmerators illeach province. 

hlieSirre grolp \as ialso in\olved ir preparing 

tire dita Ir plocessilg to a\oid elrrors ill 

ilrterprctltilr, co(d.ig, collripUttioll. aind 

analvsis. 
It is IrOtilwa'Iys eisy to obtlin tile qireddill reIt 

or prLduC'iOirn lunctionoi estirratiot. 'Iwo types of 
data are frequently used: field sur\y aird 

experimental data. One tiring common to both 

types ol data is Ihlatthere are v'ariables thiat Ina'' 

he dilittit to rieasLI'e. While it is trie thiat datt 
f'rotr controlled experiments are relatively 
hlmogercnis, thiat is. thrce arc ilodillereices ill 
tire quality ol inpts, results from analysis using 

experimental dlta have limited applications. 
lris is becinse experinents are of nccessit' 

COirdinctCd oi I small scale ill(1 tihe seldom 
cilptllC aid replicate actual \ariatiotns illficd 
colditions. Consequently. their useluhlness il 

national policy lorlulatioll is correspondiigly 
liritled. Ott tile other hand. because isurve'y can 

be conducted oser a wide geographical arei, the 
rcsUltS of stIrvC' uitila hIIvC brOalir IpplicitiOlIS. 

Our stirveyV, w\idhIhs this Wide .ONierage, thits 

reflects I vari ety of' ac iitrll cotld itiolrs. 



Milk fish 	Production iunction NIodel 

l hree alg ai~c fotns ofl the produlct~hI 
functione mhodel prcrc lit ail estimated to 
determine their appr priatens, andi e.\plliiiatory 
pr,,dictic cr.-I )h.,,cp , \ c the linelLIUMIratiC, nd (Cnhh-l OUtll, 0-1SI 111121 Itttu~i\ ier range eoihl he eonsidered. I he lunctionl~ii 

trt oillthe couldi bh po"duc.IeItctio lmh'Iform1 of 	 tile' oilklJh pr-ottctin mo~del chlosen 
based onl its k 'liiorv" pu r is that, ( an 
llllon l.oilli s'e-Ditlla, prIii htttioin Itlli-
lln Model. Ilhc ).'iliCd It~ltICt6t i,, ;Ill) i1CCCpt-
able reprscntatin 1 the tncrl\.in hof tie pr~dntin pro,..s,'. 

N'ilkfish 	 protiUctiot rsCIts froin combining 
XarioL, fixetd antI ,ariahiC inputs in a hod. ot 
\ater. tle\en inputs or cxplanatorv variables 
wcre hvpothcsi/e I to explain inilkfish prutuic-
tion. To caltaitcthe rclatise inlluencc ofeach of 
the II inputs or cxplanatory Nariahles otl the 
output of milklisi, the model is estimated by 
ulsingi muhlipih regression tCchniiLues. 

1 he hasic Cohb-l)olglas motiel specilied is: 

Y ,., N i lX, 2 1iN V 0 X P <1 X X X f 

log Y = 	 log o,, + Il log X -+- /3.,log X, + 
/3, log X, - +/3 log Xt + /13,log X, + 
/13',og <V + /- log X. + 13 log X, + 
[3,og V + /31l,,cg Xi,'+' /13 log17rX+1 
=s\here Y oulput oft milklish (kg): X, = age of 

=ponl (years): X: milkfish fry (pieces): 7X, 
milkfisi lingerling (pieces): X.,=- acclintiatiormtti 
(hours): X, = hiretI labour(nan-hours excluding 
ca:ctalkcr's itne): V = miscellaneous operating 
cosiV (peso): N- = milklish culture experience 
(year: ): X, = pesticides (peso): , = organic 
iertili/crs (kg): Xi,, = inorganic fertilizers (kg): 
X1 = l and (it): ,,. l creession coeiicients 
(parameters) to be estimated: aid f ---ranlon 
error or listurbance term. 

The explatiator\ \ariables (M,) or inputs are 
sometimes known ts target \ariablcs because 
tile\- are subject to itihiencC h the decision-
maker (producer or policvniaker). Of the II cx-
planiatory sariables specifietl in tie mnodel, all 
bilt age of pond are \\ilhin the control of 
produce rs. The proidctitn cotlficients (fl,) ( r 
exponents in the Cobb-h)ouglas form are th 
elasticities of production. The /3, terns are 
actuallh Iransfoirmation ratios of tile sarllts 
inputs used in milkfish production at dilfferent 
quantities. )epending oi the need of the stuu., 
tie hasic model can be modili., as repurted in 

parameters has heen made. The Cohb-)ouglas 
lform does not allo\ signs to he attached, unlike
thi qidraltic form whcre a parameter can he 
expressed as 13, 7,'. for example. howver, the 
muarginul prodiucts as distinct from the para
metrs are expected to ha eeither positi\e ore ak;tiats si,,ns. 

\%o basic tunctiorts wecre estimated: one ott a 
per It in basis and on it per hectare hasis., one 
:*Istimatint a production untition calls for ac

cnratlcv measured tit On output andi intputs.
uFault\ 'data ha\e often heen the sortice of poor 

fit ard insignificarit estimates. eCCogniing theimportance o, accurate diata. brief tisCitssions 
of the sariablcs uscd in estimating the prot ction 
function and tile problems of m,'asurment are 
proided, 

This is of necessity onl ain approximate 
trmadeling if thie tlIC prIiMtiion process because 
there exist several variahles such as pontd depth 
and ssater salinity th,., may be important in 
explainin \i riatioi, in milkfish production hut 
that ha\L 1n0t bhcCn includetI . 

l.Totl O utput 
limtail Uttptit reIers to the Ltiantitv of milkfisi 

har\csted (in kiiograinls) durinu the 197X produc
tion \Car. Other species Such as shrimp. tilapia, 
antdl nillet lasc been excluded frol the total. 
I his filIure includes the milklish that are coim
sItiietd at home, gis ct a\av ts gits. and the 
har\cstcr's atii carctaker's shares. Ilie total 
output, ticrclrc. r+,'flccls alltmilklish lar\csted 
rotli the pond marketed as \well as non
markcted. Wicnc\cr possible. losses duc to 
tvphmoon and floods \\ere 'stituatCi aind iicitidetd 
ill total output. Milklish h; rsestcd before final 
lar\cs ilc also rell..ctcd ill total ettput., becausc 
one characteristic ol Philippine imilkfish prtduc
tion is that , nic lishir'l arsestti s\eil bhire 
the final lir\csl: to ettetain gtsics l\ho drop itl 
at the lartlt. lot si.,bsstetice. and ior festisals. It 
\was not possible tomdetermine ti; exteit ol such 
pralcticCs ittin the ma:gnittide of outlput ;.1that\wCnt 
unlrCCordede. Iiis and other tlalta collection 
prob'lems such as accuracy in touttling stocking 
nmaterial (lr.\) arc dcalt \itii belo\. 

'T1)pes of Inpt s 
FImlho\\ing I )c Wit (1979). inputs can he 

classilied Is material inputs, managenient inputs, 
and input of field w\ork (labour). Material inputs 
can be further catcgori/ed as either yield
increasing imnputs such as fertili/ers. or .ield
protecting inputs such as pesticides. 

the section onl resuhts. hesides these nateria inputs, management 
So far no mention of the expected signs olthe inputs and input of field work. other inherent 
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characteristics of the pond environment, and/or The estimates of the production coefficients. 

factors affecting its environment such as age of their standard error, and the coefficient of 
the pond and weather can he employed to explain determination are also reported. The usefulness 

milkfish output. Again, a working knowledge of of the estimates of the various production 

these other factors can he invauabhle to the coefficients of milklish culture is discussed to 

milkfish producer, provide the reader with a more thorough under
standing of the underlying input-output relation

ships. In general. the levels of statistical signifi-Results and Discussion 
ca nce of tile est imlated production coefficients are 
encouraging.

The Estimated Production F,,nction 
One can interpret the positive production 

The main results of the estimation of the coefficients and marginal physical products of 
milkfish production Function Im the whole the respective inputs as implying that in increase 
countrv are summari/ed in Tables I and 2. in output of' milkfish can he accomplished by 

Table t. IFstirrlntcd production function Cohb-Dourglas). sample menMs, aId Cst61rored oultpit for Ihilippines 
on a pcr-Iarm basis (lquirionn I). 

xi N, N N. X ,,X, X N. N,, X1 Nil 

Intelccpt -- 1(0.91 

Prod lid urn 
cod liciclits 

I-valnc 
(,28 
4.70 

O.14 
5.37 

().10 
4.25 

0.04 
1.001 

0.01 
0.29 

O. 16 
3.21 

0.04 
0.65 

0.03 
1.09 

0.03 
1.96 

0.09 
3.42 

0.57 
9.26 

Starlard error 0.05 0.02 0.02 0.04 0.02 0.05 0.06 0.02 0. 01 0.02 0.06 
Signilicance heel 0.0001 0.00llI 0.0001 0.32 11.77 0.001 0.51 0.27 1).05 0.0007 0.0001 

R: 77 
Input rieal IA ) 

i% 12.84 3543 2346 3.74 123.26 639.56 10.28 27.79 630.44 74.77 6.16 

AM 21.57 5941 5892 14.09 228.71 1033.116 15.,2 62.46 2178.83 172.33 16.21 
IFslirnatet ntllplir at 

N z 2577 
Margirnal piotrd ct 
Ascragc price ol input 

57.25 1.11 
0.109 

0.11 
1.18 

28.111 ((.22 1.611 11124 2.85 1.13 
11.29 

3.21 
1.66 

243.40 

N.t (id , liWO11...i )cicIi ,AM iC i limh ic rii.ii. ainid ihe t-\;llL. t)5 

lahle 2. klimalted production Itllction ((oibb-l)iitglas). sanple neans, anld stinmated outptr lr Philippines 
onl a pel-Iheclac basis (Iqlittmioll 2). 

X, , xN N, N, N N,, X,, N 

Intcrclr f --7.111 

collicints (.27 (.18 (.14 0.05 0.01 1.17 0.1(4 ((.102 0.04 11.12 0.12 
I -\alle 4.56 6.22 4.88 1.22 0.35 3.36 0.55 0.46 2.24 3.43 0.57 

Staridal id el r 1.05 0.02 (),02 0).04 0.112 0,05 0.116 1.1(3 0.01 0.03 0.04 
Signilicalre l'cl 0.0ll0 1O.O001 6.00(1O 0.22 0.72 0.O00)019 0.58 0.64 0.02 0.0007 0.57 
R 39 
Inplt Ilcarr I\ 

GM 12.84 3543 2346 3.74 123.2( 639.56 1(.28 27.79 630.44 74.77 6.16 
AM 21 57 5040 5892 14,01) 228.71 1133.1 15.72 62.46 2178.8 172.3 16.20 

1 Srll lt d o lrpl t it 
N 1351.44 

Mala inual priidrnct 28 41 0.116 0.06 18.12 0.11 0.38 5.2(i 0.96 (.018 2.13 4.41) 
Asclaec price (l input 0.09 10.18 0.29 1.66 

\,c ( , it2IIIIII-1C \%I1i Ii,. irittih ICnlllil.i ll ld 11i."I - :tilutC IS ..iM li11'I I ctiii. 
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increasing the intensity of input use. On the other 
hand, nelgtive cocfficients and marginal prod-
ucts suggest that use of that particular input 
should he reduced. 

Selected production tfunctions \ere used to 
derive sorie technical and economic relation-
ships. In addition, \alues ol the rCspect i\Ce iii Psat their geomet ic mea,,ns were substituted into 

at hei gcnic~icnicnskce sbsttutd Itothe selected production ltit ctio ns to obta in th e 
predicte(l a\erage rnilklish yicld. Economicopti-

whether. n 

economic and technical conclusions. Wherever 
appropriate, attempts were made to relate the 
results of the study to tire current problems of the 
industry. 

Economic Optima Defined 
l rcatic maximum net retiris. prolucersorli aitmntrtrsrou:r
 

must find out the rates at which to apply then u t Tdono tl ist ie\. %il nee to a e 
inputs. To do this. they will ried to have
information on the productivities of the inputsiaw canilculated to show aericiaegn the prices of inputs and thert e.i the\- use. Given

input combinations are efficient. F~rom this. it 
can hi:shown whether input use canl be increased 
or decreased to maxinmi/e profits. 

Fit of tie Model 

It general, tie ('ohh-l)otuglas eqtuation fitted 
the data well as indicated by the F-values and ,. 
With the exception of ('agavari. ilie F-\tlues 
\%ere highly significant itt all Cases. All the W 
allcs ire also stat ist sipnilicant. targiigica k 

from 0.39 toO.89. [heir occasional modest \altJes 
are riot UrUistal in iriultiple regtL:.:-ion analysis 
using cross-sectional data. lastl.ilet,' appear Ii 
be rio problems \lit dominant \a;iahles or 
firulticollintal it\. 

Nature of Input-Output Resn tises 

A,reealite res.,ul of thisstudy ithat for the. 
most part. inputsapplied at tiherepoCtedlevelsdO 
inliuence milkfislh output. I lie II variables 
hrporlhcsi/cd to explain milktish \icid explain 39 
too89(' of the %ariatior in milkfislt otiplit. 

13caituse a farC interest of tIis tostutdy \,was 
examine the nature of tileinput-outpti relation-

ship and to test the significance of each of the 
estiriale, of tie production coeflicient's, all tire 
coelicient, soill he repoled eleli though some of 

lit.pl ralngi(ie'acoadpout
ottptt presailirg in the Itor and prodt
markets. and \ith the help of the estimated 
production ftunctions. optimtrl input combitia
tions can be calculated. At the point of optimum+ 
input combinatiot. the ratio of input-output 
prices should equal the ma rgin al product for each 
Of the inputs used. Inl other words, the v,tlue of 
the marginal product must he equated to the 
input price. If the rmarginal product is greater 
than the input-output price ratio. MP,> R P.. 
then the Ilse of that input should be increased. If 
the marginal product is less than the price ratio. 
the Ilse of that input should be tfecrcased. 
Similarl\. if the marginal product and price ratio 
ae eqalli. it riearis that producers are ecotrorii
calls efficient. 

From the (Cohb-I)Doiglasproduction Imiction. 
marginal products of input application can he 
computeed fronr the production coelficients and 
.aerage products. or by differentiating tire 
prodlCtioll Ittt 1n.hl this tudy. nl-rgirral 
products ere deried h t iferentiating the 

prOdtlCtiotI I'tllrtioil \ili respect to the particti
lar input of interest. \ith other variable inputs 
calculated at their geometric neans (as opposed 
to aritliriretie rear), Using arithmetic rtiears 

gises biased rimarginal products. An actual ex
ample \\illhe prosided to show howv the 
coorrc oplirria \\Cc calculted lot-r fe\a 

them are [iot signilicant as shto hn their lo\\ selected inupuits for %krichprice data \were avilby 
t-valtues. Il all cases there are stuticient degrees ol able. 
freedom] for statistical tests. More tran 5ff( il 
fihe tegression o rplLoduction coeclJCitlies ardte 

significant at small proba bility Icsels. F rrors due & iilil)pit ' ilkfish Production Futilions 
to 1elrlilor recall IiI la\c conutribited to the 
presence of sonic insignilicarir coefficients. 

Il general. an exaritlriation of the iragniitldes 
of the coefficients estimaled fort ileper farri and 
per hiectare production urnctions hy province, 
shio\veu slight \ariaions bet\\en [lie iss o cod-
ficierits estimated for the saie explanatory 
\ariable. Signs of the estimated coeflicients \ere 
found to be consistent with thcor-' arid technical 
know\ledge Of the produiction process. Seleclcd 
productiorn ft1ictiolS Vere sLd to dferi\e broatd 

In this section. two production Itliclioris are 
disculssed in detail to proside an appreciation of' 

Itosv profuduction Itnction analsis cart hl a uselti 
tool to aid d.ccision-makirig on tie firI. [he firsl 
production l'unction represents itwhole far 
produtction relationiship: the scotd lses data 
standaldi/ed oila per hectare basis. 'I liefirst oi 
these two estirimated input-output relationslhips 
\\ill in the follo\\ ing discussion to showhe used 
ro\ poe\rulll production function analysis 

cat be. 
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Farm Basis: (IEqtiation ) 

Y = I)9X " X X , ' " 


X 111 X
X. X" X 

Ileclare Basis: (IlqIlition 2) 
S 0X x 0ih XI"4 ( 

X ,, , ' X 4 X H, v v , 
1 

X11 ""+production 

O' the II explanatory ,ariahles in tile model, 

6 variables in the case of' l-uation 2 and 7 

variables of Equation I are significant (see 
'Fbles I and 2). These variables are: age of 

pond (XI): milkfish fr\ (X2): milkfish fingerling 

0,X : iniscellaneous operating costs (X,,): organic 
Ir rili/ers (X:,) inorganic fertiliiers (XI,: and 

fari si/c (X I I). The other \ariables are not 
signilicant in explaining milkfish output. 

lhe summation if all tile production Coet-
ticienits (1e3) lor Fquiation I is equal to 1.47. This 
mlea,1s that tlhe production funcltion exhibits 
inC-Csig retu l Is to scale: that is. fallhtIre inputs 
specilied in the funtlion are incrCa sed by i, 
certain percertilge. inilklish outpult will increase 
b\ atlarger proportionl. In the example above. if 
All inputs are increased h 1.0('( output \will 
increase b\ 1.5C, . 

FUithrer. M exalrilnlatiollo1 Lquation I shows 

thalt i ( ilcrease o chri,,rge ill tle nunber of 

pieces of milkfish Irv. V. ssill result il l 

0. 14('7 increase or change in milkfish outptut. 
orthier inputs Iheldf constant. 

MiscelMeous operatinIg costs (X,. which 

include depreciation. repair and maintenance . 

taxes alid other lees, interest expenrses. ood for 
]labourers. etlc.. accollllt for ;rboirt one-sixth 01 the 

final output. Similarly, vield-ilicreasiig inputs 

(organic and inrorgarric fertili/ers) contribute 

about orie-thirlietlh arid one-eleventh of niilkfislr 

o ltpu t. hre rlilliilal response Of o tput to these 
inputs can be attributed to the current rates of 
application of these three inpits in shallow 
ponds. If la rm si/c (Xii) is increased by I . . 

output \%ill increase by alhost 0.6,'i as indicated 
by tile coelficient of firrm si/e. XI1 of 0.57. The 
signs of tIe prod uct ion coefficientsare consistent 
with theory and the logic of the production 
process. Frither. tile R 2 or- cocftlicient of deter-

ard tie F-test f tilerinaltion is abotat 77('i 
overall regression is significl at tre 0.0001 
level (F-salue. 95.3). Tables I irnd 2 spell out tile 
,tiher details regarding the Ilai, anrd hectare basis 

production lInctions. .[lrst like tile farm basis 
produCtioIi flnctio, tile liectare basis function 
can be interpreted in a similar Iashion. 

Theoretically. no output is torthcomring il no 
inputs are used. Iquation I also slihows all 

intercept or constalnt valle of 10.9 (antilog of the 
intercept). This result arises from the nature of 
ile mallithematical 'orn oI the eqtuation: the 

intercept tern enters tile equIittion mriltiplica-
It alie olfthe intercer, is o\%.ti\eh. Ahholugh tile 

i simporanti ro mthe e chnicalpointo f ie w. I 
indicates the level of efficienc\ of tile milkfish 

process in transforming inputs into 

nilkfish output. A %alute of' 10.9 implies that 

milkfish production inthe Philippinesasa whole 

is inefficient heeause tie intercept values for the 
more productive pro\inces of Iloilo and 13ulacan 

%%ere respecti\cly. 82.0 and 290.0. 

Value of Marginal Product 

As discussed previously, at tire point of 
optimun inrput combination, tile ratio of the 

input-oulplt prices to marginral product must be 
the same for each of thIe inputs used. This is 
\\riten algebraically as follows: M P, = /P,.: or 
MIP, X P, P,: or VM P, = i,: where M1, = 
marginal prodtet Of' iriphut i: P, = price of inpul i: 
P, = price of output or nilkfish: arrd VM P, 
\.alu~e of,mari,,gill,1 prodtict. 

Oplimum Stocking I:ate 
lhe Optimru stocking rate of milkfish fry (X:) 

is calculatled using tire production lunclion 

(Fqiation I) estinaned for 'he Philippines. tire 

geonletric means of all other inputs. the price of 

imilklish fr\ in 1978. and tie farmgate price of' 

market si/c milklish in 1978. 

Y = 1(.9 X " X ,4 X, 0I0 X MWX, 1,01 

X1, X7 x\1 11111 X(,' 11 X 1
N 

ITaking tile partiall deri\ati\es of Y \with respect to 

X' gi\es tire rimargirial pioduct of X: 

a Y = , iU -X.X1 .- 1 1) " 
= 1.5 X 1 X04 1 X, 'l X1. 1.11 

a X2 X: "1) X14 X (" 

N11 
ila\ng obtained a Y/ca X: ofr the MP of the 
riilkfish fry stocked, tile price ratio if' inpiut to 
otutput is tiien deteriied.' Px/ II'P= 0.36/6.29 
= 0.057. lrt is. 

'S 
X, 1111 X ', 0.11,1.5 X , 1 X 2 0,S6 X 1 .1i1 X .1 0 4 

X- ""' Xo N, Xi, "X 0.057 
1ikscd oIl tur pieces to I kg (it riarket siie rrrilklisli. 

Irach rilklish It\ cosls I10.09, iius. laur pieces o1 fry 
equad V0.36. inelierage larliglle price of lrilktish is 
estilnitted at 16.29 kg in 1978 las of 1982. P8.29 
lr.S.St.O0). 
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And solving for X: 

.,"15(24(2710)09 2
: I.51)(12.041(2.87)(2.05)(0.95(2.81)(I.10)

(I.111.21)(.471(2.82) = 57fingcrling 

113 	 X.. 0.057 

X,..= 0.057 113 = 0.0005 

X. 	 = 6790 pieces ol milklish fr\ per 

hectare. 

Thcrefore. the optimum stocking rate for the 
countrit as a \\holc is 6790 pieces of rilklish fry 
per hectarc per \ear. The implicit assmniption for 
this economically dctermincd stocking rate is 
that tile milkfish sursi\al rate has already been 
Ilikenl into account in tile input-output relation-
ship through the rais data. 

If tihis optitntimu stocking rate is nowv compa red 
to 	 the arithmetic and gcomctric means of 
Philippinc milkfish fry stocking rate of 5940 and 
3540. respectiely. it is apparent that tile average 
P~hilippine mnilkf'ish firmer can prof'itahly in-
crease present stocking rales. Ilosscver. pro. 
diiccrs \sith shallo\ ponds probably will not 
benefit from increased stocking rates unlss they 
deepen their ponds. 

At this point. a \ord to elaborate on the 
conclusion Nill help clarify tile inmplications of 
the studs reslit. Although it is true that each 
milkfiish farm has its own indi'.idual production 
function. the production function estimiatcd and 
presented ahose is the industr\ lunction in so 
much as it portrays an aserage inlput-outlput 
relationship for all lie tarlls in the industry. 
Thereore. the produetioi function for iiax one 
particular fi l ia \ conccpti ll be obtained 
Iron this indlstr fllnctliol in terns of the farl's 
ability' to implement optilal saluies of tile 
parameters in the industr' (.,\igner ind ('hu 
1968). The t\so authors point out that possibly all 
iarms do not operate any%hereicnear the industry 
for frontier) production function: their output 
lying belo\ this frontier. 

Based on the same production function. tile 
optimunm stocking rate for milkf'ish fingerling is 
calctilatcd to be 2154 pieces of fingerlings per 
hectare per year. This economicall\ determined 
stocking rate is about 60o'i lowver than the 
national average stocking rate of 5892 pieces
(arithmetic mcan) or ,bout l10W' lo\ser than the 
geomietric man (2346) of the national miiiktish 
fingerling stocking rate. Therefore. the stocking 
rate of' milkf'ish fingerlings can be cIt back , 
current lesels of input application if maximum 
financial returns are thehbiecti\e of production. 
The most important thing to hear in mind is that 

stocking ratc. As such. fingerling stocking rate 
)can be red uced to sa \c unnlcccssa ry expend it I res.The dil'ercnce beiween the price of fry and

partly explains the optimal values 

obtained lor fry (to increasc) and fingerlings (to 
decrease). Based on 1978 price data. milkfish 
fingerlings are twvice as cxpensivc as milkfish fry. 
The implication is that milkf'ish iry' is a more 
economic stocking material. In fact. only 13(;i of 
the samplcd milkl'ish I'arrncrs use fingcrling as 
stocking materials. 

Another way to demonstrate tile economic 
gains from incresed I'ry stocking rates is to show 
the incquality of tile two sides of the relation 
between the \,lue of marginal product and input 
price. This is: M1,P R, = ,: 0.11 X 6.29 = 0.09 
x 4 pieces: (.69 > 0.36 

Ohiousi. tile lCfit-hrid sidc of thc idcntity is 
greater ihan the riglt-hr.rid sidc. Because tie 
inptit-ouitplt price ratio is giscri or cxogencously 
determined, nothing can be d]one to influence it. 
Only the lcit-hand side ol' the identity can he 
chalngcd to all cct its magnitude. This can be 
effected by increasing the stocking rae until the 
marginal product (and VMP) declines further 
te to diminishing returns. The milkfish I'ry 

stocking rate is deemed optimum swhen tile 
equality is again restored (see section on opti
mium stocking rate). 

For milkfish 'ingerlings. it can be shown that 
the left-hand side of the identity is smaller than 
the right-hand side. Iy reducing the fingerling 
stocking rate. tile MI of fingerlings ss'ill beconie 
larger, until the equality is restored again. 

'Ilie optiuitim stocking rate is calculated hased 
on four pieces ol fish to a kilogram. An 
additional market dimension that complicates 
this straightlorward relationship is the market 
price in relation to sic of fish. InI some markets. 
the bigger the fish the higher the price per 
kilogram. sshcreas in other markets, the relation
ship isinverse, that is. the bigger the fish tile lower 
the price per ki'.'gram. llhts. it is clear that once 
the inpuIt-out'., relationship has beeniestinmated, 
the rates at ss'hich inputs are applied are dictated 
by the aserage per kilogram of output as well as 
the prices of inputs. 

Oplimum 	 Application Rates of FIertilizers 
O , ic./1i/iizers. If the milklishIlarier took 

into account the price of organic ertilizers and 
the price of milkfisi lie would apply only 
1750 kg ha ycar. 'Ihus, according to the produc
tion function (Equation I). milkf'isli producers 

current lesels of input application in shallow qntperfectly conpetitiv markets, prices are takenas 
ponds cannot help to support higher lingerling giveii. 
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can increase their organic 'ertiliier application 
and increase their output and returns. [he 
optimtim organic fcrtili/er application rate is 
about 175(Y higher than the geometric meain 
(630) of organic fertililer applications in tile 

Country. ' his finding to increase lertili/er appli-
catiln is conisitenit \"ilh the coniclusion sug-
gesting an iucrcase in the stocking rate oflilkhish 
fry. 

1w rnianie/ Wrtili: : Inorganic Icrtiliers should 
be applied at a rate of 1124 kg ha \e0r if the 
price ol niilkfish is 16.29) and the price of 
inorganic fertilizers is 11l.66 kg. [lie price of 
inorgalic fcrtili/ers in terils of a kilogram of the 
fertili/er including its fillers must be distinguished 
Ironl thlie price of a kilograin of its nutrients 
(N IK). I lie type of itorgatic fcrtililers iscrucial 
if these lertili/ers arc used in ponds stffering 
from acid sullate soils. [or example. 16-20-0, 
\which is anoritini sulfate phosphate, is very 
acidic and using this typLe of cItilier Notld 
further compound the problem of acid sulfate 
soils of existing potid,. I lie use of such 'acidic" 
Icrtili/crs ssthl. therclorc, nocessitatc periodic 

liting to correct rCstorC poii( p1l. lhis inltis 
that additional productiot costs can be aoided if 
the proper fertilize"s(ss acid forming) -aeused. 

I lie point to be stresscd 11oni this brief.l 
dicussion is thai input i,C reconit.,cndatious in 
the absence of explicit ptice considtratin., s (and 
relating these to the ialiniill ploduclts oi the 
respective ilplts) is tot useltl iolliill letllallagc-
rucii point of sit\,s Ilil, is tiev basic dil eclnce 

betw\cen prolfit itlaxililatiil mid otwut (bio-
mI+ass) maximi/ation. 

lxplicit input subsidies o price supptT oIIr 
niilklish is unieaird o in the lhilippines. I here is. 

hlo\_eser. f,'Criili/cr sushidy for tlio il I and II 

crops. and milkfisi tucr Pit ty II crop. Input 
suhsidi/,ation or price support can make the 
added use of inputs prifitablt' where belorc it \%as 
tlneconllllic. Research to t',e-Irlitic optilunl 
input cotihiiatiomis atid ipllnltillll output level 

must. lie rel'.trc, iccogni/c the presence or absence 
of* such go\ ertiltillsupport. 

E:st imated Outptt 

Iqatliitiml I can alSO be used to predict 0r 
estimate tile output of mnilkfishi. The estimated 
outputl calt he calctulated at oc (iflthrce points: at 
the point iof tuaximum biimass production 

(physical inutsutc) or lotal product: at the point 
ofi maxitiitinliprolits (\alue lleasure): or at tihe 

iliuitucatis lii thiscase, thegcouietric means) of 
application. For this study. only the third method 
of Celilctlltiotl is used. 

A total of' about 2500 kg ha'year of milkfish 
output is predicted firom the industry prod wtion 
function as represented by Lattion I it the 
milkfish producer applies inputs at the means in 
ponds that are deeper and not in existingshallow 
ones. This 2500 kg ha year estimated output has 
been obtained using the industry function and is 

not based on individual farm production func
tions (Aiiner and Chu 1968). However, be,-ause a 
large miajority of milkflish producers do not apply 
as nlmuch inputs and their ponds are s1llow. 
actual output of milkfish isthus correspondingly 

tmLch lower. 

Summary and Conclusions 

li this study, the concept of the production 
futiction, describing a relation between I I inputs 
or explanatory variables and milkfish output. has 
been employed. [lie optimal application of the 
differetit inputs ini response to prevailing 1978 
prices o1' inputs and output was calculated for a 
small iuniber of inputs Mmhose prices werc readily 
asailable. 

Tlhis study \as undertaken+ in respontse to a 
iced for inlorniation on tile productivity of 
iilpiiis used iin 'hilippine milkfish production. 
Iased on the empirical restlls oft tile study, 
l'hilippini nililklish ponds Ia\e a\ailhble poteti 
tlal ui1,1isnot set rcaliicd. IHigher output can b
obtained through the use of more ilplts ill 

deeper ptoiids that is. inltnsilying production 
etillhods. I lie aallsses ol the ilnplt-oltput 

rtlationshils of I'lilippine tnilkfish production 
as sha the economic benclits that arehtm 

loiotic fl lr i using too niiiv inputs ill existing 
sials polids atnd. second, fron not using more 
inputs in decper ponds. 

[ lie surve'y data have shosvn that the average 
tilklish productiot per hectare 'ron' existing 
ponds is 761 kg year. *!o be sure, this estinated 
yield is higher th,1l thi epOrued na,1tional aVerage 
o1 600 kg Ita year. Tits is because tie sursey 
data consist of pri ductiott datl fronl frll'ls using 
inputs: milklish farms that did n0t use 1i1yiInputs 

\\ere excluded Iromll the survey. With proper 
huisbal ndry. matagemrc,it, artd deeper ponds, 
tnilklish yield cali he increased to at least 2 t. or 
about three times higher. Iftle increase iti output 
comes frotll hiclrage expansion with existing 
practices it s'"ill require at least 3 la of land to 

produce 2t of milkish: it can be produced ill I ha 
s,ith proper management in deeper ponds. 
IItwe\er, these two alternatises Iase to be 
esalmated for their costs and beiefits to deter
mine which ii' the two shuuld b recomrneiMdCd. 
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Next, only interfarn (cross-section) produc- This paper \,isprepared under tilePhilippine 
tion functions have been estimated. "llis is Nlilklih Production ,conomics Project. jointly under
because lack ot data precludet the estitration of taken by lie ihery Industry lDevehvpnerit Council. 
intrafairn (time-scries) production functions. A, Ministry otNattuaf Resttces. Ihilippins. the Ihtceat 
such. these interlallll functions shtould he lt- Ot Agrictultural Fottomties. Ministry o Agriculture, 
gIrded iasrepresenting the a\teraget l illthe 'ltilippinus,andltl tel Intnattl oal (cntel. for Living 

u tic. rc'Cn
I ,tulC
l\y,lqind ustrw life .124 ptodiic:N t, tiht. homiIllti,,h counlm \%. 

Althoug.h it is trttu that each milklish f harilhs iIhe I24 milctish i thr it: te country,hiits owttn i'idisthta prtodutctio nt ll, lti' 
its 0 11 il~li~il~lil IMI~toll,I'l'Odlitioll tit 

proidttctioni fluttctiotns estimated lsitg tlte cross-
sectioll data are judged to he realist ic app'ox i1il-
tiotns of the "real" indisltv function. Ilt estimlated 
\Cstall ftunctiots neVehlel'l2ssptodlctioll will 

ha\ applicatiots to existing farms in tile 
cou11tntry. Itl1act. A,,igler it(l (t state that('hu 196) 
the productiont function totr anV paltictllar lati 
maM ctnceptually he obtained from tileindustry 
lulttctioll ill lucsIr ll lte failn" ahilit\ to 

impemet il
inplenlu.ttt Weptiwualhcs0 tae p hatm . ost
the htt~l~httstl. \e'would alsti arle thaIt mlost 
alls lt toltupetate ntilr the industr\ priudlic-

ti ltlt 01ltpuut lie', illdu \ititit: tlci hclM tiltc 

pldtdutcttt Illunction. 

Sescral algtebraic lots(lls
o Production functions 

\%ere Iilttd to the data. Iio\\c\cr. the aluhl 
foremtitlectd till. ntherpta ionst theapl ate 
hrtit selcted for ittrprtatiott anid applicaiitti 
ill titis sttud is tilie ('ohbh-)otuglas rroductiotn 
ftlltctiotll Ilie Cobb -I)oglas forn \\st, tsed to 
stilllatc bY pro\illcc,
illplt-oultptill relationships 

Il gentical. lie CobllI-)oiilas fotlllits tiledita 
we'll as,resc led h\ signilicant I-\aluest le lutglll. 
and relalisclv hih R'. 

Thue h ubsuhutte slucs (ilt fite estiattd 
production coellicients idllcc tile itladetquacy of 
existing sllloss ptlds tlllllake I till Iuse of'pteselt 
rates uf input application. NIilklish \iel is 
resptnding pool[\ to the present quantities ,if 
itlputs applied ill these siallhil\ iuunds. Illis 
itlpliCs thait if the nlilklish pntduccrs illtile 
cutlrv s,itch o thetIlse Ideeper potnds \\fitl 
larger qultititics (Iditptts. otutpttt \\illitt.'asC 

.\perinluits %ithhigwhcr Insel, ol inpttt applica-

llig,Coopirlaed illte pilct deise special 
file [ittiolt). \\it hutl \% tt%ovluoW COop tain tllis [ljit o ld 
lot ntahrialiicil.lrthelli ih.ilge otuorkillgsitlhhtas, 
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Slhang. (.. 1) 7 
1co ciztMupaMuioul Of uuilkfish6. iCuiiuii 

lartuitng itt laia attd thIlPilippincs. Aquacullute. 
').22() 236. 

Slang. Y.\ 1) 7.I prii,.n .uit milklish culture. ilill

I'ltilipltuneS. IIC" (utucnt .llaii Itilctin 4). 
pp 14 22. 

Di.ausion 

\\Ito \.re he coeflicicnts lor fr\ and lingerling 
diflclent' Is it itluc nitrtallitics ol fryto diflcrcnut 
and) linttrlings? I hc diflelrnt tlitalilltis lhave 
alteads heen taken intu account tlirtutgh the raw 

huls itt (ccpr 1u\Is li\ae sltmit thlt milklishI data., Ilc dillence. thecloie. may hedIl tt lthe 
yields cani he ilucrca,,cd sigtili caut I . I this cas 
tlhere isthits st ItgCponcl ii lrgtM lliCS 
if ilputils itt deep puunds I',Cmpared \sitlt the 
pil respottse it tnilklish to plescl IC\els tf 
itnptl iseu illshal polilds, 

lie uttlious hclies that tilereluctanice t 
ptotiucers to lseIlltc Itnptts anid also tt pi. 
toIc ttetin Iltt luatlagnitctit of their tlilklisl 
hi'lrnis tna\ he ttrlibuted to the prices of both 
itplts attd otpt. l'rliaps. it Ilet is a Lco\clll-

fact that shile It\are accliniati/cd illthe same 
pilld hcloic heing rehased. the linerlinugs 
purchased t lito ptntd operatlos ellter lietllllil 


i, 
 uniroluincll suchpond a tius . lo capttlre 
dilfereincs olne stlggestion \as tt ttoe a dItlise 

ariable ht tileI l ingterling classification. 

It \\as ohscrs\td that, hesides tie hiuhlgical and 
cctllollic diticisiiis, tilie should also bring ill 
the stcial dinietis lu plain.icd.lactis like 
tu\\ilcrship palterli. it_'hiedbltess of the latnllers. 

stibsid\illit lot inuputs and price support litr anid tiltikctin. auilali etlllits call iilueuce titll
milklisht. pltduccurs lia\be ei.ciuiraged to ittlltl- pil sipliicaniils. I tic ittlirs reporled that the\ 
siiv their ploducliluit. had estillated lie putldictiuit functiotn separa.telv 
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ll 

for gmv riniih.-lesed andil plitelv oned 
pods and that the lattr are lrl'elici'nt. 
'Ihiincl ofImiscellaneous opeatinlg Costsulson 


-is m x.\phliitorv \ariahlL inl the prolnutlionl 
hilctiolm \ils (liieStioinItl. I his is i \iIle dgfcr-
gate of se\en \miiahls. o)onhts werc also 
expressed Conellon llieasnrelnilill of scale 
eeol'lonIi" s illte-lIlo tllie Suml l tl e input 
elasticities lu so of the latter paaliletes 
\ctr not sti stical\ Silnificeanit. It ,,asstu gcsted 
that this prohleli could he IhaLndlCd h\ testing 
\\hictlicr the sum of the iiput ClasticitiCs (lillted 
trom lt\ . 

Whv %%as experielce not alsignilicant ,ariahe? 
N;Ivh' time question thl"easked in -,Ilr",CV: "Ilos 

ycals of m11ilklish culture eXperience dhL 
Iae\:" iails to distliiunish hLetsseLen experienCe 
,,ith the old nMethod and CXpri'nc \61th the 
illpro\ed mlihod ol production. It is th lletr 
that Counts. 

IlI\ ai il l tClnen otptillllll 

IIIIII+V O'Ol
 

hmih h'iological 
ami' the econoic tiiiti ul tiiii'cnptileI CaIt o eo 

Suge st p ucis num rcicll clil cs in the allillllts, 
of inputs haseud on the ecomiolc optimli? It \%,IS 
013sered thalt the hiological Mnd cCOtmnniC 
optilat \Cier the otle. respeetielmV. of atii 

What istie role ot depth of poids' I"arms \%Ith output maximi/alion and atproflit nla; iniation 
slallts pold, ,,ould nuot henclit hV rili'mug the ohjeclise. It ",'IS also n0..Ld that Oll\ small 
Stocking ratte. Ihiestimated productionluiction numerical elanges intlie neighhourhood ol the 

is nlv I . ',.erage e.stilnilted prtodtuction ItlnlCtimn could he sugotme insoshing hoth deep aMid 
shallo\ poids. gestcd. 
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Economics of Taiwan Milkfish System' 

Chaur Shyan Lee2 

tile cliilic I ilklish 
h itIishI'f icir oin. and liaI kctirrg. .,A olkIhs itlIionrIS([ 

I hi's 11;1ptlem iniiiie,, ,.'sici ill Iai'iii. irchiding I i llhciing arid mariketing.
todirrinir. nal k..l-,iic cnsIri,[Itl rlici., 

IrrrtltlClirlI ItlliliOllHIjlrt ho i+s lliaIi l nllcr)II lplir Iclultio nhipiil ai ,tl ialikel-i/cI' Or tlisii illld 
plothcliir i \ cll.,\%iIhI!I1111.ls .lassifie li iti labotul and c'apital.A n ilillrirtlil finding is that 
the ,laticit\ i ,btiitlii lahiiiSil n hewt\ci. 


.
s', lilti llr]ilh th i Rii'l,. 1hi+,+.itIr_ 

h Ielti blltii\ ;i d rri;rrkel-sue ijiljktrlr. 

lie ishcriis scctri, inluding aquac'ultur. has 
playcd a significant ile in thi aigicultural 
(e\cll~lllcilt of I arr. lie iclali\c iiportance 
of this sector call be sccr in tilc act that its sirare 
off lotal agricilltrrrfil 'lodiCtirlliilic'rCasCd fromn1 
I I"7 ill951 to 2 1' inl1979, Mh ile he ,hare ol 
c'iop prodtioIiOn dCcliiCd froni 641 to 4,(1, 

Inicisie larid isc is a tladitioin i i ai\mrii 
lFarnirs has c loulnd it iecessar\ to gin\r,crops 
and iaisc aii;;;iils Car-roiilld \%ilcrccr possiblc 
and li;1c cihinged lii ullcrops to lish culturc to 
nilaxirii/c tlre plolit Irloi their lirnlralid and to 
sustain their le ls liing. Ihi are dscotcd to 
lish culttiic has incrcased I iro38 14,Shat ill1905 
to (00 460 hia ill1979. Milklish is tire Imiost 
ilportilit species ctiltired itilaisari: inl1979. 
15346 ha,or autii 261; ofthetotalarca iiscdsm 
folr Inilklish. 

Basic biologicual recich oillnilklish inilii\an 
has been initelise. bit there ha\c been fe\ 
ecollonlic studies of produetiurlMollerclr, there 
has been no cooloillic ii;ilvsis of ie ry input 
seclor iir of the nnirkelirrg if inilkfish ill 
Saiwan. I lie ail\incsc rnilklish irrdusrv Iaces a 

chrollic shortage of Iry and inust rely oilimr rts 
froill the 'ihilippines anid lidoinesia I (ln aiost 
hall its annual requiircnnic.its. )cniand fll-nilk-
fish ingelrlings has growil because tire fish has 
been Iound to be a suitable baitlish for the tuia 

i'esecach o iliis pais l \krs sippnllcd h\ igral 

lC,\CCC Liil\ 

c
 

ant caplita s i*idic'ating latheu ca',, 
let il tin rli loarillilin,.Illeut s \\ C i otliiii to boe 

long-liners based in Kaohrsinrig and Ilung-Kang. 
tihc srllhcnr parts of laiwan. llo\vcri. niiall 
rnilklish prodlucers arc lindiig that the rearing of 
slirrlip arid other Ircshwlcltr Iish is nore profit
able than rearing. niarket-si/c rlilktish. Because 
of tie ilnlporltirice of illilkfish as a proteinllsource, 
tire goslelinrlit is ailxious to riaintain produc
tioin, 1 uls.a s\steulialic cecomlonlic alalksis of 
production and markeling of milklish is lieeded 
to assist go\elrlllllclltits progirll1s totire i 
siustiirn rnilkfish prodtiction aid the iricollcs of 
produccrs and other suppolt groups within lire 
sector. 
"1his research \ias inlldertakerll to produce air 

ecllollic allll'sis o'tic producitio allrdtlarket
i1g of inilkfish. arid specifically to: (If exaineire 
the galhcring and iarketing of rnilklish iry: 
(2) ilcasure the productioi clficicnc% of the 
biitfish industry: (3)arial$ /c tire illptll-output 
rclaiorshi ill of iiiilkfproduction narket-si/e 
lish: understand tihe inarkcii inarketand (41 

si/c rnlilkfish.
 

Methods 

A number of ildicatois Carr be used Io'aM 
cCOrninli analysis of prodtr't in arn(i narketing 
of milklish andile,will be discussed separately. 

Production Aspects
trorri rtie InrIle liorlr l (Cnc r ou t01 n qirrALic.ili rnefil Cost R ti o[li I.i\i 
Rolclices Miiiarrgelill WIt(IARNi Manila. Philip
pines. Ihte cl.lilpc l resills of ihis sIldy %ill be Benefit crst analvsis has becr eneincreasinglv 
piublisrci ,rt a t aer blib$\ I(i.ARM. popular arid urseful because it cain be used to 

Rscaici Institiute oilAricurrutl Icunoinics. Nil- corllptte thre direct arnd indirect ctIs and benefits 
lirrrl i('hung Ising t nriersil\Itaichung laian40itl. ola speeific ncterprise. The benefit cost ratio ol'l 
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specific enterprisc is: K - I"I I'C, where FI is larm 
income and is equal to the differcnce between 
farm receipts and production costs, and 'IC' is 
total cost ofI p tlctiol. 

Rale of Farm Ineonme 
"Iie rate of liCIllC incomle Csalsoan idlicator ol 

proCdtuctionm elliciencey ind call be Ccpllllted tisitg 
tile ICtt t, : 1:I hrll1-II' R. %% is lCrn Iincome 

receipts. tle pCfiwl I 

mlanagcmt.tt, I-R i, ecCCual to hrm l ;CCwlnd' 
and I R is ifCrCCC IrCllC larm 

income 

la 1t.'1e pevlCeCs. Hased il thisc'qCllCtiC weC+cC llsee 
that tile file of incCoCCme.liLeC tCe CfCll'CC tile. 
greater tie prICodlictiCI .'ltiie'\. 

Iactor PrluCictiiti 
F-actor prodClc'tit it s it reciprt-cill concept of 

production ellici-incv and is Iseasured it outpillCis 
per unit of inpitt. S'ettilg larm output it' Q, inlptt 
oCflamilad C I). labm Is N. and capital C5sC. 
land. laCol. and capital prCductiity call be 
c\plCiCned h () 1), (,) N, and Q ,'. respectively. 
I':ctCv" pruodnctuitx call be devised Itoitl thle 
relktwCnship hetmeenl fcICor plrductit\ aiCnCdthe 
tactCr lactr retieC. IlC exapnlc. land prtCdluc
tisii\ callhe c.plaiticd h: (I) tile rclationship 
hct\sci lanCd prCductikit\ and lCbCthfv produc

tisit\ iCnid the labour lauld lCtiC: 01r (2) tile 
pr ducti\ity and cilpi-

t,l pCtdlCtisit.\ id tiLe caCpital kind ratio. Ilhc 
lCctOr prO tCeti\il C ian be explCinCed b\. tile 

foIllm ii~ lormlutliC: 

ICet'ltiCCChp heto\eeui CCInd 

. C Ia:Cind p rod ucti it\ : ( N Q ) 
I) N I) I) C I) 

laboCur p rCdlctiit' () ( I.) ) C ( 
N I) N N C N 

apit l pCCd titci itx () _ 
(C)_I) () _ NN)(' )" 't' N " 

lom the lirst of thitst ecICliaticCCns. land produc-
tiity lmi lahour used. sse caClCsee that if tile 
labthCr aid r;ti0 is hCl cColmltnt, the increase 

f lamd prClducti\i (( I)) is entirely duc to thle 

increase in ll-,r pir:diIcti te. Iirhil d prtdiC-
ti its c i ln , t po land 
(' )) rellains ecCmsitt the inClcease in land 
prCducli, i, IOQ ) i ,ttall\ dCie tC the increase 
inl Capital p, ~lucti~it.\,

it•ciit aia 

I':laslicil lb.,hstitution 
With Is,,CClhct r,,(Cf proiduction. labhtCC (N) 

anmdcapital (U). the elaisticit\ oI suhstitutioi is: 

(C' N)md (N C) 

where f., tl f, C mre the marginal products of 
lfahour and capitaml. respectikelv. 'lhe elasticity 
of suibstitttion is the protportionlal change ill 

the relative flactor inputs to a proportional 
change in the marginal rate of substitution 
betmeen lahotr and capital (Brown 1968. p. 18). 
The elasticity of suhstitution is an important 

indicatotr of production fficiency. 

A ('ES (constant eltsticit% (it substitution) 

production lunctiin \as ued th leasure elastic

it\ of l shtituIIi I it) tIhis stiuly. hI ('EiS 
pluoductiC luClitC is: 

(., = (.' ± (I k N 

"here Q. C. and N represent output. capital. il(d 
liChoCCCr iniplttt. tespecti\ely. and / is a scale 

parameter (enoting [lie etlliciellcy of a produc

tion cclilmlogv, k is tile distribtttion parimeter 

indicating the degree to ,hlich technology is 
CaCpital itensike: \ represents tie degree of 

hornolgemteit, oI the function Cfr tile degree of 

retCr1t,1 to scale: and j) is the substitution para-
Cileter equal to (I1 ) CC.\\ here o is the elasticity 
ol substitutintC. Ihct \e call estimate o. \where 
(C I - C). 

Marketing Aspects 

Nlarketing ('llamitels 
Mariketing channels nust be studfieCd to undet

stiICId the tIIarketing svstetm atnd the relatio n of, 

marketsaid iilrket igeiciestooitte lotlic . The 

c]IaiIel repleeClts tie lll\ellCllt if p'oducts 

IItlIl pI't+[ICrtIers tCo CltistlleIs andI in(lIves 

s '..er l ill1U,1t a gcencies. I Ile f ar mnCersutse d ifc 
Ilent Clatrketing chalnnels depetnding oill tlie 

antit\ of prodluct they haVeCI\0 tSle.StMall 

prtoduters of milklish lla\ sell tC dealers or 

\h iilsa lr,,. \herleas laice producers tinav shilp
direCcll\ to on-' .l the city mlarkets. 

Marketing Margins 
Ili the agricultulral scctoir. the marketing 

margin is tle rtCil price less tile fartlgate price. 
Margins at dillerent miirket aCeencies vary widely 
\\]h tile type of prCducts ha dled. (ee rll' . 

they are higher lot perishable products.
M arketing is 

Marketing costs are service charges (Cl mar
keting. ienerally speaking, marketing costs reflect
the CCCCCIIV' 

J 
CCCICtlV ;lli(l are closel\ related to 

the lceree of indtistiCli/CiaCti of the eccrnCIlV. 
I les, costs catl he calculated fthvi the price paid 

at the poitt of protdCuctiom. the \holesale and 

retail prices piid %\,.eretile goCods are costtuned. 
and the marketing expenses, such as assembly. 
I I Iramsportalim. Ireccing. prolit. and market 
managelent fees. We cart then determine whMt 
shale of the citisultir.'s dollar goes toC the 

prioducer aid hoiw inulch goes for tmarketing. 
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Price Variation Table I. Fry gathering techniques.

Price variation can he explained byan index of 
 _ 

seasonal variation and by price instability mea- Years Cist Fry caught
sured h. thel Michacl\ index and Von-Neuiann Gear used (NAl.5)' per dayratio (Ni ichacl\ 1962: I'N(*I AI) 196X). lhe dat 
for this study\ vcre gathered inia field survey of SSccpcr 3 1500 150 20
 
approximately 220 fry Vatherers aiid dealers, Fixed net 2 700 300 400
 
haitfisli produccrs. milklish producers. and mar- Motor ralts 
 7 45000 1500 2000
 
ketitng itntermediaries itt 1979. In additioni. foat I0 200000 
 3(00 4000
 
secOtlda rv data on produittiol atld prices \weret
ohtainted fror various ptblications of official N I $361t S'$t O
 
iirsltiltiiiis il 'I'liwa. where Q stands for the utltlity of fry caught and 

sholi\s tilie niber of'years. I his menits ihat tilenumber of fry eaughit decreased anniruallsyilIKlyby30Gathering and Marketing of llieoffrCagt(CICS( '3(0(5
ilkand ark i and 14310 thoursand pieces during these periods.
Milkfish Fry addition to ;atnnal] fluctuations, tileIIn numlber 

riCatering of fry catight Ior a gisen level ofefTort varies from 
I~ry(ahrl day to day arid from month to tmonth. Peak 
Milkfish fry are prteltrd from coastal waters. procuring days occur at the times of high titles 

The slitinsotircCs of Irs Ire located on tilte associated with full and new 1Ioons. tid the peak
 
soithelrr iaid eastern +ostis 
 of, tie island. tniitlis are Mlay and lune. Iaiwanese Irs'
 
IoIo\\cer.e arc significatit saria- prOctreticit is characteri/ed by extreme seathere reuiorial 

tions illprocurcncnt atid dtritig 1977 79 the sotialit reflected illmarked peaks and slack
 

' ea,tern coast accoititel for about 83(7 of the periods. lie index of seasonal variation reached
 
total fry catch. [ lie total prortiitnt of1fry 578.03"1 aid the standard dceviation of seasonal
fil ~foull ~ ~ loa(1.9ft.iicl~ ~Ir aa ott wasch
\arics \iulcly (rota \car to yert due to meteor- \ariation \as 120.90.
 
itlogical ,tid occanic eliaies tiat affect rnilkisl
 
spaiiirig arid clisequeti. rlfi istribitttti o Marketing and Distribution of Fry
 
eggs and If-%.Illadditint . fI\ pro tuielicrl is
 
inhieniced b\ tie techniques of Ius gatlhcrinu and Fry marketinig arid distribution are the core o
 
Ilie degre.. tt u atcr pollitioul in the Coastal r.ils tilerrOclellileitsubsystem arld iris olve methods
 

[hliereC is aml) iiripiirtanir relatiousuip b ri of ttaiNsportatiti., marketing chamcls. marketing
 
techiluecs of (tv eat lierir ig arid fr\ proctureritl. nmargins, regional distribution. arid price variation.
 
arid this relatiollhip has 
 great liistiuic;al 'iulifi- MethoIds of Translortaltion 
canoce (hen 
 1952; it and (lhen 1980). Frv As a gCneral rune. lie tratsport route for fry is
 
gatherin call leinicleilsed 1 gear iliprirs erllelt. 
 short arid usttallv involves only three traisactiois: 
liere area inriiber lifdifirent ilthods used to friur gatherers to middletnei: middleniei to 

catch fry. nanringl filhresimple halid-operatiug dcalers: and dealers to milkfish arid baitfish 
scoop tlIs s\,epers carl easily he rearing ponds.aid lint 
hanlcd 1) olne persoi ii niiotori/d rafts alid Ilie aiin methods tsed to transport fry fromt 
htols Ilale I). the Iry\ catchers to tc.middlemeni are hicycle 

(75('i1. \%alk ing (I6 ),arid motircvle (9('7) arid
Variation in Irv Procurement tie distances of the Irv rriddlerieri lfroii tile 

tuctitatiouns )cctur frori se'ar tur sear inlirs are shrlrt (aserage 1lie mostseashore 4.8 kill). 
supply, lor instance. during 1905 79. tile Catch collt typeof trarlsnctitr is liehmiddlemen 
\arield froria huy tf33.9oiiillior( I967)hoa high to go to the seashore \where te Ir are stored 
of 234.87 milliuri 11970), Since 1970. ty proc'urC- teriporarily hy fry gatherers (75('7). but 14(1 oI' 
met has decrcas,_d car h .\car. reaching 61.85 the tniddleici go to tliefry gatherer's house, arill 
millioi in 19)79( I is\kan I.ishries Yerbiiik). ll Iof fr\ Latherers deliver their fry to( the

I lie trend illIf\procircrutill calt he rercsentcd liddiciier. 
hy re.gressio)n cLlatitMi, fortlie\sears 1965 79aid Short distances arc also imolved between the 
1970 79. ()in acrage. tire trentds lour fiyprocure- fh\ iiiddlefiiei arid dealers, arid the fr\ are 
riicit o\cr tiletuo periois %ere: transpoirtcd b\ taxi (551f). notoireycle (27"0, 

Iruck 917). arid by trairiQ 143957.88 300534 t:(195 79), R o(.2660 cests depend (9(1). 'rarisportatioion tlie (Iistarce ard trattsporr(tior 
() 202163.93 143019.72 t: 11970 79). R: (..8284 facility itse(l, but average tranisportatiri costs per 
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I000) pieces atrc N.. I XS8(N. .S30 SS .00)) 
\ith if 91X sursisal ritle. 
"h' list phasle lso , '.sli.itlg fry Ir.t thlelhl. 

dealers to the milklish-bait rearing polnds and 
market-si/ niilkfish tcaring ponds. Tiltditiiiill>. 
the fisipond opiatoIs go to the dealers to bits 
tile , aleIfy and handle transport ihlenisl .'ry 
Most colltnlill. taitilspotllcd by Illotorcle\id 

trutlck dcpClidiig oil thi(iistatne and tilequ titV 

Of1
+ fr> p ic hasdl. 

Ma|rketing (hannels ntdMa.rketing Mairgiis 
Accurate (dat il tnilklisli *varciported fr\ 

\Cl\ dillicult to asseblelI: therlore this s111ds 
onldomestic fsr. 'Ilie niatktingonl, focuss 
' 
I ii i so 

(I bfhorl the middlenilcn phase s\hlere 1)(; of 
Ir pass from tiler gathlllers to tniiddleiul: and 

chatinielsor s berdanided into phases: 

(2) after iiiiddlCiiil.. \fIcr tileliddllinlun, tilL 
ituolod of fisiiibttiou is diersiied: 3(' tre 

irarloi pntids: 921' go to fry dcall: antd 5( 

tini\Ctdircctl\ to baiflifsltearing pondIs i 

the dealers disilribule their fr\to nmket-si/L 

. ir.tcLd Ivniilklishh tring Pl' d, (s f)'o'ci 
and hithI il iituing pondsnttirser. ponds (23' 

I). 
Ilecatis. filie markelitiL clitite lsr Ir\tle 

shiort, the ta riktig iiargihls arc.also stilf. I li 

(I')( 


" 

l eci d b\ I\ g ithl.terandprices per Irs r\ 

irIsrnff, rotn tnuh.iddilen to mrkt-si/,' wherc I stands for tle price t fr>'rand t is the 

atnd the standarddealers \Cre N.I .$2.03 to N.I .52.55. resplceiet I.sv.reached 200f .

)istributioin (if ry 
tle Castert part of this 

island \he:re tile I alrpliifl bit 
rs<inostls cltlie lotlll 

resoulrces of IilnlIC setnliII,,ishr-ll gl h t iL,,;1Fl.\CFr\ .IBC'.' seritiilkfislitiofacliie arece rIiittlinited.lityauoe 

tillilklis par ng tlls itedsirtltititl fi 

is. 	 thiref r. focused t this part tl the islattli. 

I atianti it is cttsidered theis c~ttr.Itratding 

so~uthe~rnl coa~st 131I;) I helpi-imatr. fetnnufd fin 

I iiI :44 .gi 

to. aitan 24'( laintim cits. 141; to 
Irv e mlI ,esriti ilc ;;eaI" of thelIIr' 

llsictn. to 
CIliai-I I sicin. andI IPi' to Kaitllsitig IIsili. 

Price AnalIsis if Irs 
Ihe price oft v is d.terini(d b> supply tod 

deanaid. I lie demand for tuilkfish is rllatiely 
stable hcause the t tld milklish productiot arel 
flits rellma tined tichamiged(during thle past dCcades: 
the price of Iby is primarily infhlinced by supply. 
As tile Ltliitit' Of Irvt.icreases. the price of Ir> 

dthereascs. this relatiounship betssel tiileprice of 
fry atl supply cai be represented by a regression

equti r-

1
), = 5.0849 1.1008 Q,: R = 0.6299. 

= 
t-saltut 5.2161I 

where 1,staInds for the price of fry (i real terms) 
alid Q,Sh.Is thle quantity Of IrN Caught. This 
Lqutlto indiclates thit tile,uppIy of Ir\is the 
main lictor alfecting their price. 

To dletermine the l(ong-terl trend of I.prices. 
theleahstSqLuatrels niethdl wa,sSC(l to calculltel 
regression equhtins.l tr'ends of Irv prices are 
isIoloss: 

atid 

-- (X7 + O.0t1 t (19+5 79) 

IR - 0 .50)2X (current price) 

1 	 2.503 1 0.0941 t(1905 79) 
W 0.4254 (constant price) 

1) --0.1940 4 0. 1X62 t t 9)70 79) 
R- (--0.99(02(current price) 

1P 0.972(0 0.)751 I ( 970 79) 
t0.6X3 (colstant price) 

tiunmblr of satlS. Ilis mnsM thailt the price offfry 
hls anntalls increased in terms olcurrelnt price 

and antui.alls decreased ill terms of consta'it price 

(diit g, 1965 79. lut dutring tie lfast dtim de, the 

fr price hls incleascd ainuall' ill tertnis of both 

Current ald Constant prices. 'I lie seisonl sttl 

tion ill Ir\price is high because Ir\ gathering is 

,haralteri/ed hs extreme sasottalits. [hl total 

iei of seasonal \aiiatioll illthe price of Ifr\ 

l\ iatioti of ti 
selasonl inidex \\,,52.0)2. 
"IleIll st;bilil\ of Can llbe coiputtedprice fr> 

using the Nlichiaely Index td Vol-NLInnl111t 
rtio. I h' indics of iaestabiits IIrvre.

il ii ry prlice (at 
cluirrit priceL) s lLasureLd b\ tileN ichal. itidex 
during 1905 79 ;tnid1970 79 were 47.7- ttd 

Ir respctisls. \%hilch itdicates Cxtrtlic3X.6. 
inslabilits. Il ltrls of Constattl plice. the indices 

lof \crc 2X. 1I and 17.611 . rcspectisely.iiNstabilits 

ti0
,\lost ol ti 1 colie.Iri'll anesamte periods. shi inidicates extre mr te 
in,stabilit\ atd suubst ntial instabilitsv. 

Ill cmiparltti\leterils. the ,Ctleitarit\ ofI'lctia

tiin in let,
ti Ii\price, i, lleItrasU IVteilVon-
NeualtItiII rat ot. i, modest and dirctional. 
I)trfilethe elids 1965 71)atd 1970 79 il 

he V -Ncuniann iratios 
\\rc 1.25 awiil:12.1. rtc . shreas. itn 
termstit c"i'nt pi ices, tie 

sl'ti\cl 

terlse of eontisa prices, tileratios decreased
 
slirpls ito().21 atidf 1.01.Irspeetisly'.
 

Al Csaluation of this procuitllv.t subsystem
 
ms ,ir
 

u isider Issi pliits: (If tit* ubilitv of fr
 
galtherilg itteil stppI> fhltttLs, th piHc
If> 
\riati(ot is high. and (2) ait analssis of' b itfish 
atnd matket-si/e milkfish pruiduttion becIuse 

iy p'ice
fluctuations illthe price (f fryl cil1"]Pt 
instabilities illbaitlish and mark,.t-sit/ milkfish. 
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Production of Milkfish Fingerlings 
for Baitlish Industry 

figerlings for tile deep-sea 1una fishing industry. 
the production emvirolilelll ofl ilklish, and tie 
relati\e prolitability of larket-site milkfishi and 
milklish-bait reariligs. alffect the rearing of 
milkfish fingerlings. 

"lhe rearing oIf fingerlings depends onit 
favourable rearing envirmlent and a supply of 
new fry caught from the sea from early April to 
September. 'Ihere are three periods for fingerling 
rearing during the year: (I) ill early April for 
hlarVest hefore tile end of Maty: (2) in earIl lune 
for harvest \\ithin 60 days: and (3) ill early AtgUst 
for ialr\est it tile end of, October (about 90 davs 
aire reqlired becluse the weathCr is cooleralnd tihe 
frv grI \%Illore slo\\ly). 

Resource Ise of Baitfish Iirnms 

Baitlish rearing is al ipilal-intcnsi\e. laboir-
saving iidlstry: oi aerage, the land input per
farmn is IX hli: thle caipitall input per hiectare is

lilt ur.T.11417i3, ii. i itanpti per hectare is
.SIlafish 

86 ilii i-daivs. Capital inputs per hectare increase 

and labour illputs per heClare decrease is arm 
size increases. For lirnls of less thlln I ha tile 
miVelge direct capital illmestment is N.SI 111 141 
ilild( tile labour inpul is 96 tnill-daivs. "lhe figures 
for farms larger than I Ill are N.I.$ 115 516 and 
XO Illl il-dalvs. 

'lie relaliolship bet\een far si/eand stocking 
rate per lectare for baitlish relrilg is \erV 
signiicnt. Ipr. l[ils I fi, tie slockillg 

rite of fingerling per hectare is 37 091: for Iiarnis 

oscr I hi, the stocking rate if' fiingerling reaches 
to 41 621 pieces per heetare. The str\ival rates 
are 9(i7 for Ilarlls lnder I hi and 92, for those 
larger than I 1ila. 

Economic Analysis of Bailfish Farns 
Haitfisli rearing ill laiN\an has significantly 

affected: (I) the bnefit cost ratio and rate offarm income: and (2) tie Ilactor productivity and 
elasticity of substitution. 

Benefil Cost Ratio a-uld Rate of ]Farm Income 
Milklish fingerling rearing increases overall 

agru;-ltural output and fanlily farm income. 
Table 2 shows the benefit cost ratio and tile rate 
of farm income of different size baitlish farms in 
'ai\an. It isverydifficult toestim.atetotal falily 
farm income, including off-fiarm income, because 
the extent of off-farmn income depends on how 
many members of the filarm imily work outside 
the f11arm. 

[rom the point of' view of flarm income, the 
II C ratio is highly related to the size of tile 
baitfish larm. [arms under I li have lower farmi 
incorle than larger flarnls. Tlie late of farm 
income increases with ill illcrease in the si/' of' 
tlie fingerling rearing The farmTi. rate of 
incomle was 27.79 for firmns tnder I h id 3(.42 
foi falris over I hi. 

Factor Productiviytv ali Elasticitv of Substitutionreiiring showed a significant relation
atih1Crn hwd infcn cain 

ship \itlh factor producti\ity, which varied with 
flrl size. Data fron southern laiwan (1979) 
indicate that the productisitv of' different si/e 
baitlish lrnls is closely related to land prodlc
ti\itv. cipital productivity. and labour produe
ti\iy (Table 3). [actor productivity per hectare 
ilcreased considerably with iltle adoption ol 
intelisi\e agricillural operations, sulch as capital 
intellsise inputs aiid lie reariing technologies.

iderfaclor producti\ity hisI he of bailfish fllmssidvanted reill lirkabvdue to two fill[r factors: 
oI)ile iicl~ise of proluetionper hectare: and (2) 

theIprice of baitfish colmlpared willl nllarket-si/e 
lilkfisli. Factor productivities are usually Col

sidered as illportant indicators of' the levl of 
ecolullic efliciency of production of salll larills 

"lable 2 lhe benietit cost ratio and rale tl lai ilc melillper h .latic lor haiihli larnils. 

FarIlll 
It 

Farm 
(2) 

lotictioni 
(3) 

Flarl arll innlcme Rate of 
sit reccipts Colss inconle. production 1111lil 
hai (NAS)TN.T.S) (N.I.$)' costs" inclloe, 

< I 
> I 

102770 
174097 

117531 
121143 

45239 
52954 

(.38 
0.44 

27.79 
30.42 

Aver;ege 172153 120440 51712 0l.43 30.04 

Tiviakl 1211llmll Ilnuml% cohinlll 2, 

lI iiii d" uiii cltimn it3 elt h\ ctlmnn 2. 
qluacl.umhini 14.
3 d ild hNclhinn Itinte% 
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ill Taiwan. One itportant inplication (d this 

anallvsis is that milkfish fingerlings (or the 
haitfish industry have made a remarkahc contri-
bltion to the growth of lanid, capital. and labour 
productikities. Ilence. policytmkcrs should place 
more attention on how this type of farming 
enterprise can be morte cfccticlv promoted 

\withil the milkfish sector. 

The static (T[S production Itfnction was used 

to dtttine tie e-lasticity of stibstitution f 
production oil baitfish farms. iTheequation xas 
estimatcd by ordinary least squares regrcssion 
based oin cross-sectional data from tle fIarnl 
surey (Table 4). 

ised on the estimated parameters tiftlhc C S 

productiIttiction of" baitfish fiarnls, it is clear 

that the e'fcct of technology (y) on the produc-

tion of bliitlish farmls wa.s significaint. With 
rclativc increascs ill capital inputs and relative 
ufecicises in l[ihtur inpuis, capital \as a signifi-
catii m lahour, antd hibour-savingsubstitut." for 
tcchnoilogy has btil uttili/ed in tih- baitfish frills. 

I lie L!isticitv l f ubsltittii belween Capital 
and labour in haitlis i rms, was high (lIable 4). 
On average. thle sam e of elasticity itt substitution 

\\:Is glcatr hltit tine because capital input is 
gloing Illo.' rapidly tihait Ilbolil input in this 
type of farming. 

'ablc 3. lrnutctisit\ aind actor ato ij iatit o 
hailish it n%. 

";irnm si/c (iat 

I Averige 

P~er Iahouut airil l 
inplit I121t 1509 1398 

( N (N. IS man-
a ) 

l'ctctpilill lahuin 
input 0.001101820 (.1000663 0.0)07 6 
N U ("m;m-di 

Pet Cipt; Ii.$ t ijuizi (.t0t)))) t.tfttt8 (0))t0t8 

It (" Il N I 
i'i lilnd cipitlI inipit l 117531 121143 120440 

( I) 1N I 	 hill 
l'i lahnuiLind input t0.1(0378 0.)1246) I.I 11(0t5 

I N nutm-i0t1;1 I 
Pel LIto lihu itiu 96.36 80.26 86.17 

N )I(tilltld 1mi 
I inti pou(itiu It\ 162770 174401 172152 

() I)I N I ] (0) 
0 N ih)IN 	 21.1 

('tpil pioudiicmiil\ 1.38 1.44 1.43 
(0 IN. I S N.I .S 

lahe 4. Results tit etintion of (IS pru)luctihln 

Iuction and Ct inaled paraiicters for haillish larnls. 

.. . . 
FltI si/c (a) 

<I I Arag 

2.8358 3.5711 2.7845 
[I: 	 1.1095 0.6961 0.2635 

(6.1t8(1)* (0.13581)* (0.3044)
0.6998 0.2912 0.6223 

(0.3710) (5.7405)* (0.6932) 
/h 9.2214 3.6117 1.4067 

(7.5015)* (0.1172) (10.2431) 
F 54.2665 396.5886 295.7764 
R'( 1).9585 0.9876 0.9715 
" II 25 36 

' 17.1442 35.5555 16.1914 
k w1.1353 1.7151 (0.2975
 
s (.8092 1.9873 0.8858
 
) 0.1948 0.3509 0.1521
 
, 1.2419 1.54105 1.1793
 

R: ).9585 0.9876 0.9715 
S ((.1293 3.5863 7.6406 

N.utc: A n itcti,, utniila,,i iTi l 951; ctonlidctc 
,

'l,ltillitilh illi iplllt llhtt' lilt t- liti'. llt ttiittth if 

Marketing 	 Channels and Miarketing (osts of 

Ilaitfish 
l The marketitig channels ire very .tort for 
milkfish used as baitfish. 13aitfish producers buy 
fry from fry dealers. 'Ile frv. after being stocked 
itt the nlulserV potds for 61) 90 days. bc.ollc 

tunafingerlings that .lre suiiible as baitfish forll 
ong-liners. Solle ol the fingerlings are sold to 

ntarkt-sic inmilklish prioduccrs Iabutut 35( oflthe 

toal) bcciiise of the dccliii: in demand for 

milk fish as hait for ldeep-sea fishing in ieceit 
yea I'S. 

Itt 197), mttarketiing costs for 100 pieces of 
milkfi h-hait \\crc N.I .S198. O1 this total. tie 
profit of the mliddlcmet accounted ftr abitt 51'7 

oit he total mnarketing cost. Salaries accoutnted 

fSr 12(''. trinsportatiotn 15(1. oxygen 5"7, losses 
8 . aind itt- r expellses 9 1. 

Production of Market-Size Milkfish: 

"i'ransformr'itionSubsystem 

Markel-sie niikIish rearing is considered as a 
subsystem that tranttsformls milkfish fry to market

si/c fish. I he rnilkfislh industry, its lcsotirce use. 

iitnd tlile input-otutput relationshlip of milkfish 
i.'fits are briefly explaincd itt this section. 
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Overview of the Milkfish Industry 

NIilk ish prod uction is cent red in the southern 
Coastaloastlarfsareaspof-"ai~van.ai is lr i.Production n treeeteProduction is enitirely i 

the private sector, largely individual nilkfish 
filners whose ponds ra nge fron unnder I ha to 
2)ha. A smiall number ofconpanies are involved 
inlnlilklish [produtionl and their Iarlllsare largerthan 5Ila. 


*1he total production area inthe past 15 years 
has, shiovn a slight dccrease frot 15 616 ha in 
1965 to 15 346 ha in 1979. Total inilkfish 

,prodlction ha been stable between 27 000 and 
32000 year 1965 to 1979 altlough the1 fron 
anr .mal catch has \aried from 34 nillion to 235Ifrv 


lion djurng tie same 
produetin per hectaii increased froin 1765 kg in 
1905 to 2r\7 kg i 979.bccts 

1 lis inlkfish production influemiced by 

till years. Annual mlilkfish 

Not oy i n ythe relltive profitability of nilkfish-bait rearing. 
it isalso aflected by the rclati\c \ields per heetare 
oif other freshwiatcr lish. ilie area dcoled to 

inputs per lheclare were N.T.S92546. labour 

inputs per hectare decreased relative to farm size 
from 117 man-days for farms of below 3 ha, to 84 
rm.an-dlys for farms between and 3 and 10 ha., to 
71 man-davs for farms above 10 ha. This trend 

s gri ficalii 
w sig
 

Economic Analysis of Milkfish Production 

Benefit Cost Ratio and Rate of larm Income 
The benefit cost ratio and rate oflfarm inconle 

for nmarket-sie nilkfish farms are closely related 
to farni size (Iable 5). [his nloans that the large 
friis practice more effective Iarming. which 
results in higher farn incone per hectare. The 
1 C"ratio and rate of farn income increased as 

ol'sillerlabor
 
iputs per hectare atid increased efficiency of 
capital and labour iil the larger milkfish farms.
I lercfore. larger farms a.e uselul becaulse 
farmers can luke advatrtage of technological 
chanve in combination with reduced labour 

iilklfish prodiuctiom compared \wfi the tota] lputs.
aqimciiltiirc area hias (heercased fromn 41J(7 in 1965 

to 2511 ii 1971). while the production of(itother 
species has increased from 59(f' to 75(' in the 
sa me period. 

Resoturce U se of Nlilkfish Farms 

I')r relativly small farms with farge inputs of 
working capital. the rClatis e importance (if land 
in iilkfish productn has gradually decreased. 
Woiking c;ipital is the najor lactor substituting 
lIo land inthe expansion of iilktisi production. 

li 1979. the land input for niilklish larms 
raiinged irom L.,2 ha for farms below 3 ha. to 
5.75 ha fot farinshbeiseen3and I()ha. to 25.64 ha 
for flarm - 10 lia. land inputl , hiio\c I lie acirge 
\ssa 10.61 ha. I lie capital inputs of nilktisli 
productio consisted of 9 1(1 in direct costs and 
9'7 ill indirect costs. On asrage. the total capital 

inuslicomparing Tables 2 and 5. which show the
I ("ratio and rate oiffarm income in baitfish and 
market-si/e nilkfish farms, it is clear that 
production otmilkfish fiigerlings for tie baitlfisli 

industry is more profitable and efficient than 
production of market-siue nmilkfish. Oi average, 
the B ( ratio and rate of farm inconlie for baitfishrearing arc 0.43 and 30.04. respecti\,,ly, wliei,.as 
for production of market-si/e mil'lis') these 

l0.10 rcsf,cctiV\cly.9.28. 

Factor Productivity and El.aslicity of Substitution 
[he productivity of a factor depends not only 

oii the quantity of specific factor employed but 
also on the quantities of other resources used. 
Table 6 colparcs the factor productivities for 
differein size inilkfish farn s. It is significant that 
the factor productivitics aie closely related to 
I;:n size. [or instance, land productivily per 

lahle 5. lene litCot iatio ;tii(f rate of lrminincme of milklish larnis. 

Iaril 
size 
(ha) 

(I) 
I"i In 

icceilis 
(N.I Si 

(2) 
Pr]oduction 

.+sts 

(N."I 

(31 
lun 

incoii 
(N. 

Iarmiinco i. 
prodciieiion 

cosis 

Rate of 
Iariii 

i'e-S' 

3 
3 1II 
> I 

As.rage 

96625 
99886 

1103195 
102053 

91431 
92487 
92(675 
92546 

5194 
7399 

11521 
9475 

0.0.568 
0.0800 
O.1135 
0.11)24 

5.38 
7.41 

1O.19 
9.28 

Ti'l~qlI,cotlumln I 11111111tolumnll 2 

"Fl~tuals c+ol1nu1l.ldi\ih'd h11% tlt 

Fh illa ,c41h111111.I(Imld 1).\ column 

2 

I Itllits1l0. 
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hectare ranged f'rom N.I.S96 625 I Irims below fromn milkfish rearing to baitfish rcarings, if the 
3 ha, to N.'1.S99 886 for farms h,.twcen 3 and productio cn'ronmcnts arc suitabic, is neccs

10 hi. to N.1.$103 195 for farms above 10 ia. sary folr incrcascd productivity and elTicicrcy of 

This increasing trend Nuas very clear. production. Capital inputs play a %ery important 

When coipalcd %% it be seen role in nilkfish production: thus, analysis of' theithrablc 3. can 
that tihe ictor productiitics arc much higher in capital inlputs and elasticity of substitution 

baitlish farms than)illIailllsthat produce market- hCeen capital and labour ilmilkfish farming is 

simc milkfish, If the pulrpose ol usilng the milkfish uiscful for examining resotlrce use and techno 

reCsotirce is to maintain adtlqualte resouree letl logical in milkfish production.rns claigc The 

and hamilincome' in the face olgromsing conpeti- elasticities of substitution are shown in Table 7. 

tion f'rom other freshmaicr fish rcarings. a change Mhich is based oilthe C(ES production function. 

"lablc 6: Producti itS andl actor factor ratio ofmilklih farms. 

lartnl si/c(ha) 

< 3 3 I) t1 A\%.'rage 

Per labour capital input 779 1i10t6 1305 1218 

C N (N.I.$ nan-da% 
Per capital lahill input (.00128 0.0009t0 0.00077 0.00082 

N C (matl-dt ' N.I S) 
PC ta pia)llia idi i pilt 0.tt)101 I (.()(llI 0.0l(1lt)I I 011I. 

I)C OmhNI 1s 
Pel laid capital ilipilt 91431 92487 92675 92546 

C I) (NI.S tat 
Pellahoul iland illpui 0.00852 0.01196 0.01409 1).01316 
1)N (ha tlat-taI 

Pel laind labul inpul 117.41 83.62 71.00 75.98 
N I) tttt-da haI 

latid pt tiductit 96625 103195 102053t 99886 
Q I) (N.I. hal 

I abotttu ttlthlcti\ it\ 823 1195 1454 1343
 

Q N (N.l .$Inal-da.
 
Capital ltdructi\ I I(568 1.081)0 1.1151 I. 11)27 

0 C'(N.I.S N.I SI 

palaltlclters
latle 7. Rciilt o c,ttitiation i1(TS pit itetini functio and c.itilnalcd titilklish (aln.s. 

Iart si/c (ha) 

< 3 3 I10 It) A.e rage 

2.6376 3. 1691 2.5641 2.9078 
05288 0.6793 0.7742 0.7660 

(1.2202) (1.1070) (1.0517) (1.19681 
0.4051 0.1659 0.1216 0.0170 

(0.2829) (0.0261) (1.0079) (1.0044) 
/b. 0.0234 0.))19 0.01170 0.0033 

(0.1752) 11.0042) (.9065) (0.9120) 

F 143.7766 56.6120 64.6766 171.6590
 
0.9664 0.8457 0.9023 0.8788
 

19 45 31 
 95 
' 13.9797 23.7871 12.9883 18.3165
 

k (0.4337 ((.81)37 1).1358 10.6783
 

V 0.9339 0.8452 0.8958 0.7830
 

p 0.2037 11.1286 0.1340 0.3998
 

0 1.2556 0.9722 0).8818 ((.7144
 
W 0.9664 0.8457 ((.91(23 (.8788
 
S 0.0830 (.1586 0.0643 0.0573
 

rdd Ithelrf ll )iti 'hol ti'llak it.N tc: Nimll s "ithin piteihtictc a le atn i al u 
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The high elasticity of suhstitution between 
capital and labour in nilkfish farming is pri-
marily for frinls under 3 ha. for wfich tlie aI uC 
of elasticity oflstbstittion (o) is gicatertham one, 
lhe \alcS ofelasticit\ of sUhstilution are less 
than one ftor the other two e.imsrn 

Marketing of Market-Size Milkfish: 
Delivery Subsysten 

Marketing of milkfish is considered 3s a 
delivery subsystem of the milkfish industrv. The 
milkfish produced in lai\%an areconsumed fresh: 
therefore, the analysis of milklish marketing will 
centre on 1na,keting channels. ill; keting mar-
gins. marketing costs, and price variations oIf 
fresh milk fish. 

Marketing Channels and 
Marketing Margins 

lhere are three major marketing channels that 
provide tle link between producers and Con
stiriiers: 

(I) Producers - wholesalers - city fish 
markets - dealer-retailers - retailers - con-
stinmers. 

(2) IProducers - cooperatives - city fish 
markets - dealer-retailers - retailers - con-
sliliers. 

(3) Producers - dealers dealer-retailers 
retailers - consumers. 

Milkfish farmers sell 71I;, of their products to 
wholesalers. 5;, to cooperatives, and to7 14(/N. 
dealers. Thus. the wholesalers play a \ery 
important role in milkfish marketing, 

'ie farm-retail marketing margins show the 
share of tile consumer's dollars going to each 
intermediary. Producers receivcd 74; of the 
retail price, with the remaining 26(; being 
absorbed inl the marketing process. The whole
saler and retailer rec.ixc 79Ci and 8V(9 of the city 
retail prices. respectively. 

lawhectmipa thecs cn sileusedltoaicesad 
retail city prices. which can he used to calculate 
the producer's share of the retail price duing the 
period 1970 80. The Plrod Lce r's shlre oft lie retail 
price has generally decreased annuially. This 
share was 8 1(' iin 1971), increased to 98C' inl 1972. 
decreased to 59(7 in 1978. which was the lowest 
share during the last decade, and then roseabovc 
70''( in the years 1979 and 1980. On the contrary, 
the marketing group's share rose fron 19,' in 
1970 to 29"1 ir 1980. The difference between the 
wholesale price of production and tle retail price 

rose from N.T.S5.26 kg in 1970 to N.T.S32.86 kg 
in 1980. a trend that was v'erV significant. 

Marketing Csts 

The average total marketing cost per 100 kg 
was assuried to provide a rough approximation 
of the efficiency of milk fish marketing. This 
assu rinption can only be verified using t ire-series 
data to comipare marketing costs over previous 
years, but unfortunately, there are no available 
time-series datal in supporl or contradict this 
assumption. Iherefore. in this case the costs of 
ruarketing cant olV be alalv'+d using expCnscs. 

Table 9 shows thle marketing costs of riilkfisi 
in Taiwan. The total marketing costs per 100 kg 
were N.T.S2755 and the proportion of marketing 
costs to retail price of milkfish rs 26t7 . Among 

1bl,. 8. I[ rmiprice aind retail price (N I .S kt)of milklikh. 

I) 

Wholesale price 

ot production 

1970 22.8 
1971 25.61 
1972 33.06 
1973 32.1 I 
1974 48.63 
1975 37.87 
1976 43.47 
1977 49.34 
1978 55.67 
1979 77.05 
1980 80.82 

+[twilalsclulln 2 Ilinl% 'olumnl 1. 

(2) 
Retail price )illerence Producer's 

il cities in prices" siare" 

27.94 5.26 81.17 
31.46 5.85 81.40 
33.68 0.62 98.16 
37.34 5.23 85.99 
52.32 3.69 92.95 
63.32 25.45 59.81 
68.78 25.31 63.20 
82.81 33.47 59.58 
94.05 38.38 59.19 

104.60 27.55 73.66 
113.68 32.86 71.09 

"t1 lals column I didcd h%column 2 limnes I00. 
Surce: +liamm1kishcrics Yearbook. 

5."
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the cost items, profits, market management and 

taxes, and freeze, package, and transportation 
7i; of total costs,costs were 4., 17(,i,and 

respectively. Profits, therefore, account for the 
highest percentage of the costs incurred in 

marketing. 
The marketing costs of milkfish in laiwan can 

also he illustrated by the marketing costs of the 
different marketing agencies. The major market-
ing agencies of milkfish are dealers, wholesalers, 
and cooperatives. As shown in Table 10. the 
total marketing costs per 100 kg \\-ere N.T.S601, 
N.1.S907. and N.T.S723 froin the dealcr,,. \\holc-

salers. and coopcratives, respectively. e)alers 
as the lowest cot incurred inare considered 

marketing. clccause tile dealers transport fish 

Table 9. Marketing costs per 10) kg of milkfish by 
expenses. 

Marketing 

Market management 
Taxes 
Fisherman insurance 
Freee 
Package 
Transportation 
Miscellaneous expenses 
Prolits 
lot at 

costs 
(N.T.S) 


269 
199 
I11 

113 
143 
214 
372 

1332 
2755 

Percentage 

of marketing 
costs 

9.78 
7.24 
4.04 

4.I0 
5.20 
7.78 

13.50 
48.36 
1) 

1 ctrcccrd1ge ot marketing Costs ha19ti n l.i andNotC:('hen I195,t) 

directly to dealer-retailers or retailers, there arc 

no taxes. miarket management, and fisherman 
insurance fees during the marketing process. 

Price Analysis of Milkfish 

It is possible to explain tileprice variation of 
tmilkfish in the long-run by seasonal variations 
and price instability. The least squares method 
can be used to compute tht, regression equation 
for the period 1970 8(1. The trends in milkfish 
price are: 

( 'urren 'rice 
= 
 + 5.3957 t;Wholesale farm prices P1 13.6547 

R2 =)0.9329 
Retail city prices P, = 9.4507 + 9.1815 t: 

11-= 0.9865 

Constant Price 

Wholesale farm prices 
R1

,2 

Retail city prices P 
It' 

51.0833 + 0.1245 t;
0.4478 

2 47.3238 + 3.2216 t; 
0.9171 

P is the price of milkfish and t is tilewhere 
From these equations, tilenumber of years. 

prices of milkfish, whether in wholesale farm 
prices or retail prices, increased annually at both 

current and constant price. The seasonal varia

tion in milkfish price was high because milkfish 
producti, i is characteri'ed by substantial sea
sonalitv. The total range of the indices of 
seasonal vari ation of iilk fisli price was 89"' and 

11 5C' of the wholesale farm prices and retail city 
prices, respectively. 'Ihis shows thiat the seasonal 

100 kg ohmilklish by different agencies.Table 10. Marketing costs for 

Salary 

Transportation 
Freee 
Package 
1ProIit 
Taxes 
Market management 
Fisherman insurance 
Other expenses 

Interest 
Equipment depreciation 
Water 

ricit.I:lcct 

Fisll r.de\ clopiici 

finds 
Mail and tclerant 

Iota I 

I )taler 

N.T.S 

Wholesaler 

N.T.S C; 

Cooperative 

N.T.S 

76 
125 
75 
38 

261) 

--
27 
20 
..... 
.. 

12.65 
20.80 
12.48 
6.32 

43.26 
-
-
-

4.49 
3.33 

80 
124 
75 
38 

218 
71 

175 
91 
36 
19 

8.82 
13.67 
8.27 
4.19 

24.04 
7.72 

19.29 
10.03 
3.97 
2.10 
-
. 

67 
173 
104 

57 

33 
167 
87 
35 
7 
3 
I 
6 

9.27 
23.93 
14.38 
7.88 

4.56 
23.10 
12.03 
4.85 
0.97 
0.42 
0.14 
0.83 

7 
601 

--
1.16 

100.00 

II 
6 

907 

1.21 
0.66 

100.00 

10 
8 

723 

1.38 
1.11 

100.00 
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variation of milkfish price is higher in retail city 
prices than in wholesale farn prices. 

To measure tile price instability ofnilkfish. tile 
Michaely index and Von-Neumann ratio were 
adopted to comp ute the price data from whole-
sale farm prices and retail city prices at both 
current pri:e :and constant price. At current 
prices, tile wholesale farm prices and retail city 
prices showed substantial instabilhv ( 16.44 and 
16.16. respecti\ely), but in terms of constant 
prices both showed slight instability (6.42 'md 
5.91. respectively). With respect to tie direction 

of cliange in price an regularity of ariation, th, 

niilkfish price showed modest and directional 

variation (tile values of the Von-Neuniain ratio 

ranged from /cro to one). 


Finialy. comparisons between tie price of 
other fish and milkfish are reluired because 
milkfish is cmosidered as a substittte for other 
fish. The trend in the fresh\ater fish niilkfish 
price ratio from 1965 to 1979 Aas decreased 
annually, except for shrinip whe:e the price has 
increased annually faster than that of the 
niilkfisli. [or example, the tilapia milkfish price 
ratio(dccrcased froni 45(i in 1965 to42('; in 1979 
and tlre silver carp milkfish ptice ratiodecreased 
sharply from 8211 to 37( in the sarie period. 

I lie price ratio of milkfish to otthcr freshwater 
fish has increased annually during the past 15 
years because milkfish is considered a good fish 
in Taiwan. Nesertlieless. the relative importance 
of inilkfisi iin term, ofproduction area relativeto 
tle tottal alt ;a been dccrcasedaciCtlIre hC~iras 
fromn 41(i in 1965 to 25(1 in 1979. This is bccausc 
freshwater fish farms have adopted iiew%fishpond 
management and rearing tcchnology and the 
yield per hectare in these farnis is higher than in 
milkfish production. 

Policy Im(plications 

As ecoioiic grO\Vtl Lluickeis and per-capita 
income increases in laiwan. th demand for 
iiLluiiitiC prod~uicts irncrearses. As ai result. the 
aLt(i.iclhriftire irae~ li.is expalrde( rapidly during 
tile pist 15 yeairs. I lo\cer. the rnilkfish produc-
titiii area has rer1iairie(f at about 15 000 hia, and 
yields per hectare hie increased show\ y con-
pared withi oilierrshiwater fish splecics. flie 
reVelnu per hiectire is also lower for milkfish 
productiol than for lthler ftcshwatcr fishes. 
Irindcr such coLnditiolr. the growth in riiilklish 
prnduclion has sho\\cd. Impro\cmcnt of1 fish-
pnlld rlirriigelerit all the ise of the new rearing
techilhgy are essential to avoid such indl-
ficiencies in prodluctiorn ail to increase the 
incomel of producers. Ilo\\exer. because the 
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milkfish resource system consists of three sub
systems, procurement, transformation, and de
liver-', any suggestions for improvement should 
cover all three subsystems. 

• l'ro'ureni'nt .srh.vwen: The main problems 
of this subsystem are the supply of fry and their 
price. To increase and maintain tile source of 
milkfish fry and stabili/e fry price. our efforts 
must emphasi/e: (I) tlie control of water poilu
tion in coastal areas: (2) the improvement of fry 
githering techniques: and (3) the development of 
:tr"iicial spawnings of milkfish fry. 

* 'rwanfirmation .subsristent:A good resource 
system should provide flexibility for the adjust
ment of farm management in response to changes 
iii economic and teclological conditions. Fzo r 
ecconomics of scale and production efficiency. tile 
farmers should be encouraged to participate in 
group farming and contract farming to broaden 
their base of operations and to increase yields per 
hectare by adopting new rearing technology such 
as deep-water systems. This will aloaw them to 
meet the needs of dynamic economic and 
technological situations. 

* I)vivr isub. sm:n : In 1979, the milk fish 
shipped to city markets through cooperative 
marketing by the Fisherman's Association ac
counted for only 15(1 of total milkfish produc
tion. Under cooperative marketing. fish products 
arc collected and directly transported to market 
by the Fisherman's Association. In this way. 
soie marketing costs can be saved and the 
prduccer's incomue can be iicreased. Thercfore, 
cooperative marketing of milkfish could be an 
excellent s.esteri for increasing marketing ef
ficiency and producer's income. 
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Discussion 

"lie (Icunand for fish is rising in laiwan, hut the 
benefits are not going to milkfish production. IS 
this due to marketing problems or hiological 
constraints to implroving the technology in 
milklish culturC Shrimp and crah production 
is imlore prolitable in lais aiNthan nlilkfish. and 
farmers arc switching [rui milklish. In this case. 
marketing researcht should proceed along with 
bi ological research. 

Qucstions were raised concerning the warw; of 
Suhstituting labour Iorca pital in milkfish culture. 
One could, for e.xample. dispense feed by hand 
t'ather tlan a,Iced hopper. 

IHlow can the interaction hetween the(llcrnt 
inptuts in milklish production be captured? One 
could do this lather easily by estimating a 
translog production function. At the same time. 
biologists could try to pinpoint ilte physical 
nature of these intera.ctiotns. 
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General Discussion 

The general discussion on all three case studies revolved around the 
question of deriving possible generalizations such as: Which biological 
parameters are going to change protitability? Use of broken rice as feed and 
decreasing tie feed ing of trash fis iwere aniong the pa ra meters menti oied in the 
case of Thailand. However. any answer interms of nlmbers nmst await studies 
by biologists on the precise relationship between these parameters and yield.

Ole discussant thought that conllonlists were assuming more than what 
even the biologists know. For example, are algae the real food of the fish or are 
f~c~te'ia the actual food? It was pointed out that, illfile case of traditional 
practicc;, economists coild identif thte areas of knowledge that biologists 
should prob5e, whereas. in the case of' the new practices (e.g.. cage culture), 
biological reseaich should precede economic analysis. 

The research conducted by biologists can help expand the present set of 
prodtuction methods, i.e.. add points to tile iSOtluanlit: whereas, technical progress 
helps to move tile isoquaint inward. Biologists could tea i up with economists to 
take aCCOutII 1'environ inental f.actors, like pH,salinity, and algae content, in 
production function analysis. 

A I'urther generalI observation was that neiittier biological or economic 
parameters remain static. TheCre'ore. When anrieconomist's prod uction funiction 
analysis suggests a change in tie ratio of tie qra nIt ity of factor inputs, it must be 
assunied that as a result of that change. changes Will occu r inthe biological 
environment that may affect productivity ina \%avyi not accoun ited for in tie 
originl prod uction I'tnction analysis. Conxersely., a biological recomncndation 
on the use of a production factor input to increase vicld may cause a change in 
the future cost or \aletl lUijui and out put. Therelfore. originalof both the th 
economic viability of that chaige inm1ust be reassessed. It is essential that i 
continuous dialogue be established between economists and biologists during 
tle process of problem identification and research. 
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Microeconomic 	Analysis of Experimental A quaculture Projects: 
Basic Concepts and Definitions 

Yung C. Shang' 
'lie main ohjecti, es ol this paper are to outline: ( I )the basic hiotechnical mcans that can be used 

to increase pioduction of a gi en area. vhich relate to inputs and costs: (2) the components of 
biotechnical dIccloplicnt that should be suhject to economic anal sis: and (3) the hasic econounic 
tools for analysis of experimental proi !s (costs and return, partial bodgetinlg!. discotinthg nlthod. 
sCnsit il' antalysis, etc.). 

Aquaculturt has a history several should d.one localrich of' fore. he under conditions.
thiotusand \cars. H3itt presenmlt technologyv has he rn When such technologies are first developed,
dceeloped l.argelv b\ trial and error rather tlhan. cconomic analysis niust be hased largely on
hy scientific rsearch. he prodttctivity ofexisting "artificial" data f'roin cxperimental or pilot
r'esrOeilcs Clnf he increased thlrotgh svstemnlalic operatlionis.
research \with a conseqtetnt incre.ase ii profit
ability. It is this ds natnic element of constant Economic Analysis in 
illprovttllllt that provided the key to tlie Biotechnical Development
developtmetnt of agriculture. aid it will also hold 
trite for a.qtal.cUtllrc. BCCautlse altlctultIlrC is I Much of' the biotechtnical research done
tiihiltidisciplinarv .cience. \%'ie"icluides hiol- aqtlaClItulrC ails to increase the productivity of 

in 
a 

ogy. tlngitiecriig. nit nril antd Iced tcchto log, given water area. [he productivity per unit of 
genetics. econtomitcs. etc.. a \Jide spectruim i \atcr area, from the hiotecchnical point of' view. 
ititerrelated research is reituircd to de\Clop all depends nainly on the stocking rate, the survival 
elicient systel of' oleration til)( to illlp-t\.e rate. anld the averili wight of the individual fish
existing [afilllagemfie[It practices. Biotcchniical at tine harvest i).re- the of (Fig. Therefore.
scaitch aims to itlpro\c production possibilities. increasintg the rates o1' stocking, survival. and 
whlc cc0on1ic reseatrch ii iipro\Cs the prolit- groIth aret lie primarv mea ns of increasing
ahilitv of operaiti. Because most research if' production.
Miticutltirc is for the purpose of establishing i One of' tile most important practices iiiviable operatiotin. -collOlic rescarch playVs 11l aquactilture is the stockintg ofithe right arount of' 
important role in its ufCsloptct. It provides a fr\ fiugerlings inlaxintizc production. Aor to 
hasis for uccision-fililking atimiong larniitrs and for fislipord. for instantce. can oily support a certain 
the forniulation of a public aiqaMcutttrC policy. qtrtantity of fish becausc of its limited space and 

Ne\ technologies det elopid in the biotechnicil the atnoutt oftiatural food available. This limit is
fields ullst he stbiect to ecootniciianalsis befltrc tlsllY calleld the '*CirllVillg capacit.\ adl is 
the\ arc vidlch' rccotlcidued to fish Iartnues to affected mainly hy soil coinditions and the water 
ctisttre that the fa-rers \kill benefit. Because quality of the pond. Ihie carrying capacity of a
eli\ irotticntal and Socioecotintlic conditions polid can he partially increased by fertiliiatioi
\ati\' di i 	 Ind sit ppfrcit legionls a prof table ftcchnolop or rtiiltal feeding. he pturposc of 
inl )tte region ist no gtarantte it \%ill he stccessful fertili/ation is to increase the piroduction of 
ii Illother regiioni. Fcotiotli e.alitatioins, thele- plankton (inlfreshwater ponds) or bctithic algae

(in brackish \tetr ponds) it, Iood.fish \%'hiile 
'Fconoinist. I)cpartnmeint of Agricultural and Re- stpplemretitil fedilig compensates or nutrientts 

source Iconomics. College ol Iropical Agriclture. that are in short' supply il tle pond.Itilger lall. 2545 file Mall. Inikicrsity of Ila\,aii at experiencts of' carp and milklish cuftiurc 
Thc 

in
Manoa. Ionolhul. Ilaaii 96822. fUSA. various countites indicate that f'crtili/ation and or 
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Stocking rate 
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or 
running 
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-olyciliture 
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iaililaioii 

" Ntono si/e stovking 
" Multiple sie stocking 
" %ultii stage stocking"Molltl sex %ckllg 
SDoileN cropking 


Survival rate aid growth rate 

lGo ll111ge'lllli;i
GoodL d 1 aa 

practice 
I 


"Correct stocking densities 
" Right kind and aiotnt of food 
"Proper waler quality 
"Prevention of'diseases and parasites 
"Elimination of predators 

to/ (Ithe:. F I mI (1/h., I : l)*(, m /it-ill , 

(a/fItr.l 'IIIlr dlrw ill 1(qtla tllr' Sh 9/). 

supplemental feeding increase the carrying ca-

pacity and. consequetintly, the production of a 
porid ritalny ti ines itmore tha under natural 
conlditions (\ati der Liingen 1959: Yashouv 1959: 

Tang 197(1: Shang 1976: tlepher 1978). [hie totll 

cost with fertili/ationi and or st.pplentil feed-
ing is higher. Whether the cost per unit olfoutput 
is lower and the additiottal re\enue generated is 
higher than the additional cot involved in 
fertiii/alit ot atd feeding requtires ectonornic a.ii
alvsis. In addition, triatty kinds of feed and 

fertili/er cai he usedt (%egetable and aninal-

originated feeds, and organic aid inorganic 

fertiliiers). Ilie choice aind combhinitioit f feed 

and fertili/er. as \well as the quantity ofiapplica

tion. depends mtainlv oii thcir costs aind effective-

hess. which should be subject to alt (econonlic 

allvsis. ecolollic aialvsis is also ieeded illthe 
foitulaluioi of the lcast-cxpcinsi\e feed. 

therefore, increase the carrying capacity of a 

pond (Kawnoto 1957: ('hiha 1965: lardac cet 

at. 1972). The economic feasibility of using these 

on w\hether tileadditionaltechniques depends 
reventes offset the additioni costs. 

The carrving capacity of a pond also can be 
h polvcultire (stocking a number of 

species in the sale pond) and stock mianipulation 
used to manage the fish population in(methods 

the pond). A Iishpond. especially a freshwater 

pond. usually produces a \arity of fOod oiganisms 
in diffcrelit lavers of the \ater. Thus. the stocking 
of species th at lhve complemcntary feeding 
habits or feed in different niches will effectively 

utili/e the space and the food a\ailable in the 
potid and \\ill therefloe. increase tolal fish 

production. Tie selection and combination of 

species and their sltocking ratio depends mainly 
oilthe compatability of the species. the ivailabilitV 
of natural lood, tie availability and cost of fry (or 
fingerlings). and the prices ot fish. 

Sexeral fish stocking practices of* varying 

complexities ha e beeni used for \ariouis species 

in different regions: I ) iolliosi/e stocking (stock
ing of tie salic si/e fish in a pond and harvesting 

rketable si/c): (2) multiple-si/c stocking 

(stocking of different age groups of fish in a pond 

with periodic harvesting and rest ocking): (3) 

multistage slcking (stocking unilorm si/e fish in 

diffcrent si/es of ponds progressively wheninlore 

space is needed): (4) niolnosex stocking (otily 

male or leimale fish is stocked in a pond): and 
(5) douhleI-croplping (stocking of two species in 

sante pond but indifferent -easons). The 

conparison and selection of stocking practices 
should be subject to economic analvsis. 

1Incrca ses in surViil and growth rates are 

important factors in increasing production. This 
is mainly dependent on, inaddition to the right 
stocking and feeding rates. tileproper wiater 

quaility, tileprexerition of diseases and parasites, 
and the elimination of predators and competitors. 
All these involve extra inputs and costs. The 
measures to be used and the levels of inputs to be 
applied should he subject to economic analysis. 

Economic knalysis of 
Experimental Projects 

Evaluation of a Particular Measure 

Many of the previously ientioned measures to 

increase the productivity of a given water area 

cani be developed as inexperitnental project. In 
most cases additional inptits and costs, e.g., 

Aeration and running water svsteins usuiii liy habour and materials,.are required, Wilen one 

increase the amlount of dissolhed oxygen and, input is increased by equatl increments per unit of 
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Profit \%ill ha. maxinli/ed \%tic[ the a.dded reC\¢lRtunt abu:gos eeu ls oa 

timne with other resources held constant, the 
resulting output mal:y at firstincrease at an 
increasing rate, then at a diminishing rate, and 
Ilmalls' decrease. Ihis relationship is defined as 
the lm of diminishing return. lo determine the 
niaxilmmi .iel of input for profit nIaximi/ation. 
marginal analysis is usually needed. (iven a 
quantitative. ilipit and output relationship fromn 
tie pilot operation, the cost of inputs and the 
price of outputs must he taken into consileratio 
in determining tile profithle level of input.most 

lrolltilelast unit of input (marginal value of 
product )equals tilecost Of that input (marginal 
input cost). li nanv cases, a gi\sen level of 
production can he produced by \arious comhina-
tions of inputs. for instance, to a certain degree, 
different t\pcs of lerlilier. Ieed, and pesticides 
are SuhbstitutlheC hil qt l;tIMItle. ile l.ast-cost 
comhinatiioni of iiputs to produce a gis e lel 
output \ould occur \lien the marginal rate of 
substituiliOt (tilea1munt oie input tmust he 
changed to offset a change in the amount of the 
other input to maintain a gi\en lesel of produc-
lion Ithossest cost) eqtals the ins erse ratio of 
marginal input prices (Shang 1981 ). As for 
poteulure, tileprolfit iaxiai/ing conhination 
of tso or Iore species \ith gi\en resources is 
achie\cd hen the marginal rate of substitution 
equals the inverse ratio of their prices. 

(omparison of Different Culture 
Techniques or Systems 

When an experimental project is to compare 
the elliciency of different maniageient sy'stcms iir 
culture techniques. such as extesi\e \ersus 

sex %ersus mixed-sex culture. monosi/e versus 
multiple-si/e stocking, standing %IIter \elSulS 
running \.ater. iominmegritCd vers us integrated 
operatiot. rifl \selsls bug-line culture, I cost-
returni aiaklvsis is usually necessirv. In this case. 
detailed illplltaiid oulpit data. th ii ullltititli\ctii 
and ii value terls, fr-ol existing mlanuagement 
practices atnd from ongoing expenhllellts are 
needed. Various indicators can he calculated to 
cotipare the produicti\i of majior inputs un(ler
different manmageltlelnt systems (Slhag 198l). 

0 I'roductisity (or \;islue of productiiOi) per 
unil of tajor input, such askg hii. kg miiaii-
hour. kg untit of' feed or fertili/er. kg unit of 
capital. liese indicators can be used to measure 
tle efficiecy' of the operation in terms of-
resource utiliatiom. Ihoses'er. they usually imdi-
cate the relationship of one input to one outplit 
without considering the quality aidLl quantity o1 
the other itputs. 

@ Amount (or cost) of'input required per unit 
ofl' S kg. man-hour kg, units ofoutput, such as 
feed (or fertili/er) kg. These are measures of 
capital :.,teisit., labour intensity. and the feed 
corVersa.,i ratio, respectively. Again. these Inca
sures ignore the variation ili quality and quantity 
of the other inputs. Net resemue: gross resenue 
less total costs. 

* Profit: the dilference hetween gross revenue 
n d total operting cost of production. 

* 	 Retun to lahotr: gross revenue less total 
costs except those associated \ith the operator's 
lahour and management. 

q Return to land: gross revenues less total 
costs except those associated \with land costs. 

0 Return to capital: gross revenues less total 
costs except the opportunity costs of capital. 
• 	Rate of return on capital investment: re

turns 	to capital di\ided b\ capital investlent. 
e Pahack period: number of 'ears required 

to reco\er the initialiN stnlelt. 
e Ireak-even amnalvsis: the level of price or 

production at which the project just 'overs its 
total costs. 

When there is a minmor change in a production 
technique resulting in a partial change in cost
return structure, partial budgetilg 1111\'be Used 
to recalculate cconolic \iahility. 

In considering a partial cost-rettrn analysis. 
one itL answer theIOliOiilig questiOIIs: (I)\What 
costs \\illhe added or increased if one proceeds 

l\\i%entiire'?tile ( Ignore t lie costs that \villnot be 
changed.) (2)What existing costs ss'ill be reduced 
or eliminated if oiic proceeds \vith the venture? 
(3) llosvrmuch \\illlhe existingincomeor. receipts

intensive. nitiocuiltie \elsus fpolvciilt!rc. illtllo- increased? What new receipts \ill there be?he 
(Ignore receipts and income that wvill not change 
Isa1result seiiture.) (4) What income andof tile 
receipts will he foregone if \,oil proceed with the 
Venture. 

()ice these calculations are completed, the sum 
of decreased costs (item 2) ai(l increased receipts 
(item 3) should he subtracted frono total i
creased costs (item I) and deereased receipts 
(item 4). A positise result would mean that the 
change \oild be profitable. A negative result 
\ould mean that the change would not be 
profl it a b le. 

"easibility of New Species and
 
New Culture Techniques
 

For iesw species culture aid nes culture 
techtology, such as cage culture, pen culture, 
racew\ay cutltttre, raft culture, or integrated 
aqutaculture agriculture operations. ar eco
notic feasibility' analysis should be Cittducted 
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based on experimental data. The preliminary 
economic feasibility study is valahl because it 
provides gross indications o"the ultinmate profit-
ability of the project and indicates, from an 

economic point of view. the areas that need more 
research for improvement. To estinate the 
preliminary profitahility of I new production 
pro ect. the cost-rettnrn method based on csti-

mated annual avserage data may lie used. I lie 
tMajor limitation of this measure is that it fails to 
consider the timing of incomesand expenditures. 

In most ievestmnctit processes ifi IIia1iltuire a 

large aiotint of capital outlay is necessary at tfle 

initial stit-: of in vestine and the returns accrue 

to the investor user a period of time. A dollar in 

hand is more ,aluable than a dollar to he rccci\d 

soiietinie in the flutre. Iherefor., tie profitability 

of insestment in a tie\ and long.term proiject is 

more accurately the discouttingNImeasured by 
Method, which converts future reCnules and 

costs (lor the atialysis petiod) into present valucs, 

The Iraditi,',d procedure of discounting is to 

estimatc: (I) the amount and tinliig of capital 

costs (including rCplacemcnt osts) CverI period 

of years lo analvsis: (2) the ailnual operating 

costs (or ariois inputs. taking into coiisidera-

tion inflation and lclatisc price chiainges ill the 

ttit.Irc: (3) the annual irestiuc hased ol expected 

yIds aiid prices: and (4) tile sal'. ,e \atile of the 

ill\CsltllClltilt tile end of aaIlvsis period. 

With the itllortiiation listed abo\c. antiiual 

profit can be cI leulated aid d iscoLitted . liu tiet. 

or internal rate lofreturnbenefit cost ratio and 

can be CalCltetcd. Ilie fornier is defined as the 

ratlio of tile preseint l iLic of henclits (or re\titties) 
to the presetit aluc of costs, while the lattelr is tie 
(discoulit ratc that iakes tile present saltle of the 

iiet cash inlow C Itill to leri. whih is referred to 

as the average carning po\ser of liirciv used inl 

the ie\ ilve'stlelit prloject over the prolect's life. 
lised for evaliation oflie discounting methold 

referred to asprivate invstlerit is usually 
- and it C*ilic rIS Oinlykthe 

fi la ncia I ali lsiscositsl anreturns. tthe i t oll.' In', t-ile 
clists aidrtlirt.'Ils tol the inVestor'. ti~stmii.itL 
made b\ the public sector based purely ol 

btisiness criteria is lot sullicient. tiiestment 

should be anal\ /ed froml soc iety's point ol', iew. 

a.Id this is Lsliall. rlerre.d tio as -ccolltnlic (or 

social) analysis." Social benefits and costs ha\e i 

hratder scope thanii pri atc ireturtis inld costs 
because of the inclusion of both direct ind 

,
iinlirtcc efflcts. [or de'tailedl Procedures and 

lletli tlls Ill dis,,'oiunting tclhniqttlits iusel in aitlil-
culture. see S atig (I 98). 

A ncss vI estIe CIlit project in ILqltuI Iltttre IS 

ustally sihijecl to a certatin degie-c of risk and 
costs.uncertaintv in the estimation of yields. 

prices. -tc. The data used in the financial and
 
econo,'ic analysis are usually the best or most
 
likely estimates (if these important variables. It is, 
however, very important to tf- t-cision-makers 
to know what effect departures fron these values 
will haye ol the project. Therefore, sensitivity 
analysis is ofteii necessary, which is simply to 
recalculatet economic viability under alternative 

sets of input-outptt prices and yields. The degree 

of departure from tile original estimates to be 
used in the sensitivity analysis is a matter of 

.iudgment alld depends oil environme.cntal, hio

logical, Ind nmarket situations. As tile project 

progresse.,(ild asslinptils eai be I od ified 
new cost and price int'ormation can he acquired. 

arid, therefore. the econonic feasibility analysis 

can he updated. 
:or lne\ Species cultivation, it is important to 

include a market potential sttudy as a part of the 

conic f*.asihility analysis. A species has the 

potential for commercial dc,,elopment only if 

there is I market dennd f'or it at prices that 

pro\ide a reasonable profit for the producers. 
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A n A nalysis of the Economics of Farming 

Green Mussels in Singapore Using Rafts 

L. Cheong' and W.S. Loy 2 

Raft culture of gree in ussels in Singapore is described and the economics of various operations 
are discussel. Operations itsing pol I coco lopes on a single 150-rn rafIt and in karnisol 10.5 and().75 hla 
si/e are shown to he economnically feasible in Singapore. labour constitttes the Ilrges variable cost 
and sensiti%.itv tests silo%%that increases ill labour cost have a greater imlpact on production cost than 
decreases ill raIl cost. 

The green mussel. Perira viridis (linnaeus). is 
found in considerable abundance at the intertidal 
aid subtidal /ones of the coastal waters along 
.ohore Straits. lhe present supply is derived 
mainly from wild stocks harvested by artisanal 
fishermen during lowv tide. Production is low. 
about 250 1.and irregular becattse stocks are not 
mtanaged and become depleted .t times through 
overfishing. 

The tarming of' mussels using the ral meithod 
employed ill Spain sas. therefore. tested b the 
P'rimary 'rtoduction e)parment in late 1975. 
Culture ropes, upot which the mussels attach 
and grow, are suspended from rafts anchored at 
sea. liowvever. unlike those used in Spain, iherea 
rope could be as long as 12 u initad typical raft 
aboutt 20-inl sq L.rC. i.e.. 400 in- (Adret, 1968), 
local rafts are much smaller, be \- I50 in2 . aind 
mnaximium rope length is 4 in (Cheong and Chen 
1980). This suits local conditions becatse smaller 
rafts invol\e less capital and shoirtcr rtipe lengths 
can be suspended \ithin the eutrophic /one of 
3.5 5.3 tn. 

Mussels were found to altain market si/e of 
6 7 ci shell length within 6 7 months. and a 
produtction of 120 kg shell-ti mussels i" Nvs
obtatined under raft culture (('ihit 1977: ('he~lli.
btd('h deti 8. rcultureo iin lie977: C grll gand C'hen 1980). IRecogni/ing tile great 

development potential of mussels as a protein-
rich stutrce of food in Southeatst Asia. the 
)epartment conducted further studies on ii-

priving the techniiqute employed. espeillv the 

300 Nicofll lrike. ('hangi Point. .-;inpa u 174). 

Tlil,,\ I'od i lo 'lr, I)Cpartilcut. N iil\ o 
National )e\elopnent. 7th 'hoor. Nationral h)e.elop-
iienri ltrilding. avll Rorad. Sinigaporc 1()(. 

elimination of thinning, which was identified asa 
major constraint to large-scale production. A 
culture rope, the polvcoco rope. which incor
porated both spat-catching and grosw-out phases, 
was tested and found to perform well without 
thinning. Mean yields of 30.74 ± 6.07 kg and 
"6.37 + 13.88 kg shell-ot niussels per rope were 
obtained from 2-m and 4-tn polycoco ropes, 
rspectivcly. after 6 months' culture withott 
thinning: whereas, plain 4-m polyethylene ropes 
that were thinned-on yielded 45.97 ± 6.04 kg 
shell-on mussels per rope at harvest (Cheongand 
L.ee. in press). 

This paper describes some of tile economics 
involved in the prod uction of mussels under the 
ralh method of culture. Productionl figures are 
extrpi olated from the above yields and calct, la
tions oi cost and assessment of labour requtire
ments are based oti experience gained from 
mussel research studiesconducted by the Depart
nien. 

Culture Method 

Raft Specifications 

The rafts are basically wooden pontoons with 
cross beamts for suspending the culture ropes. 
Ralt si/e varies but in the studies 75 m2 and 

51) i2 effecti\ e productive areas were used. The 
r~ls sserc constructed in modules of 5 m 5 ti 
becattse tile wooden beans caic in maximumn 
ri it e aflts6 75-t1i' 5 ino 7 in. A rlt meatsured x 
15 i and a 15()-ni rall 1 tin " 15 in (interntl 

dielineisioiis). Plastic drutnis of 200 I. capacity 
"src previously used for floating the raft bit were 
subsequentl.yv replaced by similar sied lmetal 
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udrmiis Itased oil druamis) as the litter \\erc attached to the middle o each Ietre ol the main 
cheaper. SS 14 as compared with SS6(0 per plastic rope. The coconut coir pieces are 30 cm in length 
drum (la, ol 1980. S$2.15 7 U.S. 1.00). and more and either used or ile\ coconut coir ropes can be 
readils tailablc inl the maiket. In the past. used. I he malin+ polyethylene rope has either a 
shautle, nide from the fronds of attap (,\ilw 2-n or 4-n culture leingthland a 1.5-1n length for 
.'wa\aa. tl to woodell al+lles w\ere l in. on the coconutatche.'d Iecause spills setle m;aillI\n 
placed on ltop of the rtlt. Umdar ,haded condi- coir pieces, the coir s es aisaii) aCa of spat 
tlthil,. "pat dstrilhution Aong the Spit-,.Citllccit c olection and elf,.ctisely distrihuts settlleniet 
lime \%as milloe uinilol o\Cl th )rillg the I \ll.Io\_eer. \\ ith the use of entire rope length. gro\-out 
the p0alCoCoa rope. \here the CoCOIntI picces phal,e. tlle ilssCls spIelid along tie rope and. 
attached to the main pol\ Cth.\lete lope cted Is thus. ,+illlhlate the need for manual thilling. 
spat ,,ettlement atreals and s,.rs,ed Ito distrihute the 

palts o cr tle entire rope length. shading was 
lltllld to be tunnec,,iesa,,ir\. I|;lllIg lllC.ll 

Ihe ralts are eithcr paast,,iacd singly or. a"has Culture ropes are imnersed for spat collection 
een lotilid ilore practical. in a ro\ pilrall l to ill areas Michere spats are ahatadarat. For opera

the Ilow tf flhod alld ehh titles. I he latter ti lls inlmlI ilag thinnaing. the spats, collected on 
aIrrill"callent illa illii/.", tltililititaa tat \atcr spat-collectihg cocatcntl otir ropes. nuast be 
spice and r.ledles the plrohilea iil nape entangle- thihned-oaat to proldlctionll pileth.leie rlrpes 
aheit tIllt Clttauaet 5dil itllI Mallv aachored and either left il the spat-collecting gratnuds or itl 
ralts. Collcrete anchors are used for positintilng the prodlaction groatmds lor gro\\-otit. With the 
the rnalts, use of plyctico ropes the eltire rope ;(lefn \with 

sp.ts is used lor the 1rs\\-Otl1and no thiaing is 
necessa nv. Miussels il cithir case are der ed romoplle S',;pecification tile salne spatlall and atailtantre air less the sale 

'I he pa't p:actice \us t) use tm o\ tpes af rope si/cat lhan\est. \lter ilac liar\ est. tI ni)es cln be 

lor cultile. i.e.. it iitlrserv or spat-collcctiag rope eianillesed or alntlthen glo\\ing seasol so that 
Iaaadcit1 atlltoilec ccolalt coil> lihles aad i t\o lliar\esis per year are pssible. 

praadauctiaani rope made f polycIycic material. [1ihe holdiaag capacity ol the raft is limited by 
Ioath ropes %%ete4 ni iaaleigilh \\ith a dianlieter tl tile htao\aancI' of the dr1a1s. Studies hiase slltxwn 
40 i lta tile in rscry rope aaad 14 nmin lor the thlat it is possihle tu hold ropes contalining on
prroductiol rope. A piece of rtal l\cthllcearope gros\iai&g mussels and thtse containing spalts on 
1.5-mlng \%aspro\idcd it ocendtofthectilture the sarricetall. In this \%\-as harvest can beprie 

Ii\ liee sat It.r Ir%toe tcleolpsrststcakshmg his" way.rape frurlagi. Short s\oaadeaa pes tarcho~psticks colaminuous aaad \itlh prroper timilg of rope 
\\ere inserted at 0.5 aaainter\als iaathe prodaactiOaa inltiesita to spatftll. it is passible to h,1e three 
rope io presat iaassel slippage during cualture, htlarests per .eatr using two sets alf ropes. This 
4 le ropes \ere taea stuspemded at a deisit of practice increases production and is especially 
4 tapes n: ill hiath eases. suitable lor areas with poor spatfull where spats 

lhliiatg \ias reIuired 2 ma1011is alter shuts nuLst he collected else\hcre. 
haad collected taa the atarserv ropes. 1 leleratitot 
was lahorias and t-iliac-coalalaig: appriaxi
natel\ 0.25 Illilil-hlaa rs \%ee eqIuired t preparei 

t siiigle ,radaatioa nape. Ilae pricess consistedl In the present econonic studv. the reliable 
ol plucking out the spats 11a111 the ILIrser\' nape. mni al estimate (RIM ) oif yield at 95'"( cot
Ia\Viig t1eaa 110aag the priadtiCtiaut rope. and lidence is used. Based oit results obtained b' 
f'iaalls binding the spats ta tihe productin rope ('hlie g and Lee (in press), the RME vields of 
\with i cottal neting. Alter about I) 14ldas. the 2-au :tid 4-mai polvcoco ropes are 25 kg atd 42 kg. 
etatalan alettitng roltted asr leasing the spa.lts laatl respectikelr: whereas, the usual 4-m polvethr'
hadre;ttaclied theinseles finlstat tlie ale" rope- Ic rae ropes requiriag thiing yield 40 kg a 
The mussels \\eae then cultured for a fiurther4 5 ia,'est. For the setsiti\it\ test tile tapper yield 
imontis aftcr thinning, le\ cis of the 4-m pol)coco rope were tsed. Ihese 

I aesenll,dileaaetclturne rope incorpuorating ,,crc. ( I ) a aican yield o1 57.37 kg (or60 kg):(2) aal 
both spat-catching and graw-ouat phases is used. nIximunt yield (at 95('( cumlideaace) of 70.25 kg 
[lie he%\ rope, called polr ocia rape. eatsists of1a ior 70 kg): aind (3)1a mnaxittamm \ield talate otfthe 
main 14-mim diaimeter polyethylene rope with six ropes used itt the study. i.e.. 79.81 kg (or 
pieces of 41-mm diameter cocont t ctir rupes 80l kg). 
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Economic Considerations 

lie \ari s c lnelu'ts of the 75-mn' and 
150-i' rall aic stmiiai/cd in labe I. lie 
itenis are catagri/'-d tlher i.\cd capital cost lot 
sciliperilianctt fixtuires. \,Iricl arc nrnlally rot 
replaced litle,,, darimaged during tite '-ols'- of 
culture. and \ariable capital cost flo re-placcable 
iis. ,,ich art: usualI. sub'ject to \\car and tear 
and corlosioll. I lie loillicr arc cxpctcl to laXC a 
lite of 5 .r iiriarrirrual depreciation is based on 
20( of initial east. lire lift expectancy of 
rcplaccablc items mics frorm .5 to I \car. 

I abour costs arc irchded in thlie o\ crall costing 
as tile costurction and assellhrblir of the rafts 
ire assIIed to be)clritraced out. Misceilarneous 

costs for electricity for operating electric drills 
arid saws. a,d water fo r washing drunis (floats) 
aralsoi 
appro.\imalcly SS31 11: a 150-n ralt i, approxi
nlatellv S.531X. 'licannual dpr-'iated costsare 
SS 1637 and SS31(19. respecti vly. Senripcnim
nelit fixtues constitute the Iai 11bulk of th'-cost 
of the ralt (62 68('). lhio\\-xer. the replaceable 
ittrnlscomprisc the- main portiol of the dprciat'd 
annual \altrc 169 74() \%ith the majar cotnLri
butiry kactor being tile replaccircrit lu floats 
aid accessories (65 68" 1). 

c iluded.f hI hrinal cost ola 75-m' ralt is 

Culture Ropes 
lirecuirirp~la ti\ e-ctsts tIa r;ion<)s etrltunrc r'opes 

are tabulated iii "able 2. Four types of ropes are 
described: nursery or spat-crllecting and prurduc
tuin I-l gro\\'-tout rtopes of 4-im Icrgth each a1rid 

I able I. Srnirlat\ ol capital costs (SS) of 75-rn- and 150-rn rafls based air 1980 prices 1SS2.15 = t'.S.SI.00). 

75-rn.' ai 	 15I-i' rall 
Initial lile t)eprecialed Initial Life I)cprcciatcd 
cost expectancy annual cost cost cxpcc.Ils. annual cost 

Fixed capital cosIs 

Mair hane 

Supporing heams 1S7.35 cacl) 

I'laniks ISI)each ) 
I ivrht, ;111(1anchorl ifI 
Na\ igatomiotl lamp, (S60 

,(ncleIc ancholl (and. 
alld cCiM-lri 

ron bat (S4 ill) 
(hairl (S17 im) 
Shackle ISIS each) 
Ihruble I $210 each) 

set) 
lascl 

Airclrr rope (1$45010-mn coil) 

1oa 121106.40 

Variable carial costs 
1olts. m ,. nails and ,,ashers 
Floats $14 2010-I. dril ) 
Paint 
1\% ire (11.75 coil) 
Iotal 

ii	ib tioraid Illiet lla ncOlls cost
 
ILabouil (S6()0111111o1h) 

Miscellaincois 


SIotal 

lIotal rail cast 

NiIc. I'cl'tntage eltt"lncs portion ol 

(SS) I\Cars) (Sf) 

797.50 5 
22),511 5 
IO0.)O 5 

6.1)) 5 

121.411 5 
64.01) 5 

136.110 5 
72.01) 5 
80.I) 5 

450.110 5 

(68(() 

73.01 I 
448.00 0.5 

60.100 0.5 
23.50 11.5 

6(14.51 
(19rf) 

3011.)11 5 
I00.00 5 

40|0.011 
I13r7 1 

3110.91 

forallai cst. 
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159.50 
44.10 
20.0) 

13.20 

24.08 
I2.801 
-. )20 

14.40 
16.110 

90.00 

421.28 
(26r'i 

73.01 
896.))0 
120.01) 
47.00 

1136.01 
(59r;) 


60.00) 
20.00 

80.00 
(51') 

1637.29 

fyears)c5Sf (SS) 

1595.0)) 5 319.110 
441.11) 5 88.20 
20.1)00 5 40.00 

132.00 5 26.40 

211.40 5 24.08 
64.)) 5 12.80 

136.)0 5 27.20 
72.110 5 14.40 
80).) 5 16.0)1 

450.011) 5 90.00 
3290.41) 658.08 
162r; (21l i 

165.22 I 165.22 
896.00 0.5 1792.00 
120.00 0.5 2411.00 
47.00 0.5 94,00 

1228.00 2291.22 
(23,'i) (74(;)
 

600.010 5 120.00 
20().10 5 40.00 

800.O0 160.00 
15(i) (5(.) 

5318.62 3109.30 

http:121106.40
http:t'.S.SI.00


Tablc 2. Comparative costs (ISS) of' various culture ropes hascd on 1980 prices (SS2. 5 = U.S.S 1.00). 

'lhithning ropes (4-m) 

Ntursery spat Production ]Polycoco ropes 

Material costs 
Polycthylcne rope 
Cocoiuii coir rope 
Polvtex tile 
Kulalol ,X\ilc 
Manila tmitie 
B(rick 
Choptick , 
1 tal 

ILaboul and Itnsccll Icouls costs 
I abour 
NI iselhancous 

I otl 

Itotal ct , pet ropc 

collecting 

0.61 
2.76 
0.06 
0.)4 
((.09 
0.19 

3.64 
(75 i';) 

1.19 
0.05 
1.24 

(251' i 

4.88 

NOw (YI 'lllPg tlt'llolC ill l ,Ito tall ope L'l, t. 

polycoco ropes 2-m and 4-in long. All ropes are 
treated as operating items with a life expectancy 
of I year. Iltowever. the coconut coir rope is 
usualy stbject to hiring by "/ rvi'd.s when 
immersed in the sea and it is useful fm only about 
6 months. i.e.. two spat-collecting imniersiotis of 
2 3 mlotilis per immersion. It must be Carcully 
checked prior to c er'y spat-collectioti opertatiotl 

wliei it is used as atiirsely rope. otherwise wIole 

portiots of weaketied sectiots tiiay tall off w\hen 
spat-ladeti. Ihose\cr. whiei it is attached as 
pieces to tile main pllyethyleie rope. as in the 
case of tie polycileit rope. the holes matde by tie 

"'o'd'i bolrers do not atIe, because the \keiglit 
ollhe spats that settle oi the cocout coir rests 
the main polyethylenie rope Tlic polyetliyleIe 
material used could actualls last for' ,m1ore thaln a 
year althoughIlian expectancy of I car is used. 

The construction of ropes isalsoassumed to be 
contriacted out hence,aid. labour costs are 

included i liet cost of tile rope. M iscelIieol(s 

costs (or purchase of spirit for scalitig polNs-
ethylene rope enids. matches Ior lighting tlie 
spirit. etc.. are also itelutde. A -l-tii turser. rope 
Cost' SS4.X: a plulCtiolIi rope f siiiilar Iltigh 

costs SS3.37. 0leoo 2-iti and 4-iti11 t ropcs 
hog cost SS2.)1 and SS4.5(0. respectively. A 
culttire method that ill\ol\es thinning reqires 
both iurscry and production ropes and. depend-

glow,-itlt 2-mi 4-n 

2.23 1.43 2.23 
0.41 (0.83 

0.0( 0.06 (.06 
0.07 0.14 

-
0.32 
2.61 1.97 3.26 

(771";) (61' ) (721 

1.71 0.89 1.19 
0.05 0.05 ((.1)5 

0.76 0.94 1.24 
123'O) (32(' ) (28";) 

3.37 2.91 4.51 

produoction ropes. Nonthinning, Iowevet. only 
invoves the use of alsingle type of rope. viz. a 
polycoco rope either 2-rn or 4-tn long. because 
both spat-catching and grow-out phases are 
incorporaled oi the same rope. The most 
expensike component of a nursery rope i:s the 
coconut coir portion (57(' of cost). whereas, for 
the prodhuction rope and polycoco ropes, the 

polyethylene material is the expensive item 

(49 06"). 

Culture Operation 

Thinning and Nonthinning 
I lie costs of raft culture operations involving 
thiinnig and ionthiinting are tabulated in Table 
3. Calculations are based on the operation of a 
single raft. either 75 m' or 150 m'. For operatiions 

iniolving thinning. 4-ii culture ropes are used. 

whereas. lIor nonthinning either 2-m or 4-n 

iolycoco ropes are used. Be caItse tile first har'est 

is obtained afer 6 months ofculture, the working 
capital. as for subsequent calculations, is based 
oi half a year and is obtained by dividing the 
antitial variable cost by two. 

:or a single raft operation of either 75 tn2 ,,r 
150 n. otlv one worker is ieded to operatte rid 
mintain the raft if thinning is ntt required. 
Ihowevcr. at least two \workers are required to 

ing oti [lie spatall at the titie of immersion, iie iiialage aI5(-iW raft if Itliining is done. This is 

titrsery rope call he thillned-otlit to aboutt thee because otie\worker would takeal least 2\wccksto 
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Table 3. Comparatise costs (SS)of thinning and nonthinning culture based on 1980 prices S$2.15 = U.S.S1.00). 

Thinning Nonihinning
 

75-m- raft 150-n2 raft 75-ni: raft I50-m 2 ra ft
 

Capital investment 
Fixed assets 6111 8818 6111 8818 
Wo king capilal 4375 8749 (a) 3837 (a) 5273 

(h) 41175 (b) 5751 
Total capital 10486 17567 (a) 9948 (a) 14091 

(h)10189 (b) 14568 

Operating cost year 
Fixed costs 

I)epreciation 2237 3809 2237 3809 
Licence fee 40 75 40 75 
Cost of capital at 10(';interest 1049 1757 (a) 995 (a) 1409 

(b) 1019 (h) 1457 
Total 3326 5641 (a) 3272 (a) 5293 

(N) 3296 (b) 5341 

Variable costs 
Staff salaries (S400 month) 480) 9600 4800 4800 
Ropes. nietting etc. 1949 3896 (a) 873 (a) 1746 

Mainteniance of boats and miscellaneous 500 1000) 
(b) 1350 

500 
(b) 2700 

1000 
Fuel ald miscellaneous transport 1500 3(00 1500 3000 

Total operating costs 12075 23139 (a) 10945 (a) 15839 
(h)11446 (b)16841 

Annual returns 
Yield (tonnes)attwo harvests per year 24.0 48.0 (a) 15.0 (a) 30.0 

(b) 25.2 (b) 50.4 
Cost of'production (SS tonne) 503 482 (a) 730 (a) 528 

(b) 454 (b) 334 
Return per SS in-vt tment at sale price of 
S$350 tonne 0.70 0.73 (a) 0.48 (a) 0.66 

(b) 0.77 (b) 1.05 

Note: (a)I is hit 2-m pol coco rope: (hiis hor4-nit polycocoi rovpe. 

producc the 300 tlinned-on production ropes The costs of productiot per tonne of mussels 
needed to stock a 75-it rtfi and at least Itionth for an opcratiotn reqtiritig thintiig are S$503 

2to pr(lotice lhe60)0 ticeded for a 150-n- ralft.and SS482 lot the 75-m and I5)-tl 2 raft 
During the long thinning period the mussels. operations. respectively. For opettions that do 
w hich would ha sc groi heavier, wotuld ten(] to iot requtire thinning the cost of productiton using 
falloffT. 2-m potlycuco ropes arc SS730 and SS529 for the 

lie licence fee is based oinS.S500 per 0.5-ha 75-m 2 and 150-ni2 rafts, respecti\ely. lieutseof 
flariia the eflective productive area il 20' 4-ni p ol.voco ropes lhi\wcrs tihe cost ol'tope ratioti 
litiliiatiotiof \\atr space. lhe 75-n and 15!-imi1to SS454 for a 75-n1 raft and SS334 for a 150-m 2 

2
iflts retlUic 375 in'atd 75(1 I \\ter spacc, raft. 

rcspectisclv. I lie licenc Ice. thcrelorc.s\orks out Single Raft and Farm 
t)he about .37.50 (sa. SS40) For a 75-m-' larni lite cotiparative costs of, operating a single 
ill(I lor 150-m11 kirlll. raft and a (.5-ha liani using 4-m polvcoco ropesSS75 a 

I sing ine set of ropes. I\i harvests per seat are tabltilatcd in table 4. 'Tie total clfecti\e 
are pissihlc based oil a culture cycle of6 minths. roducti\c area oftlth fairm. i.e. the area available 
l)epreciationii of the ralt is hascd tii lie calcula- I'r suspending the cult-re ropes. is based on a 
tiotis i I able I and depreciation o ither fixed 2(1 itili/ation oofthe water space. that is 
assets. like bial ,it] r scellaietis itcms. is 13 - 75-ii ral'ts or 7 150-in raftsfor a 0.5-ha 
based otiastraiught-lic ptcl)acci sa rs. Itoe\cir. cffect i c areaiioniio\cl'5.\c fltrni. the p rdtLcti\c 
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Iable 4. ('omparatise costs (SS) I oIpertIing a ,ing rglt and a 0.5-ha Iar uIin 4-11 p I. cco ropes based onIt 
1980 prices (SS2.15 -U.S.S1.00)). 

Single ralt 1).5-ha Iarm (ait 2011 utili/atiol) 

75-ni 150-m 2 13 75-m' ra~ls 7 !50-nv' rafts 

Capital inlestment 
Fixed assets 6111 8818 47443 45226 
Working capital 4075 57510 33475 34150 
Total capital 10186 14568 80918 79376 

Operating cost. allnum 
Fixed costs 

)epreciation 
Licence Ice 

2237 
40 

3809 
75 

22681 
500 

23363 
500 

CoNt ol capital al I0 ' interest 1019 1457 8092 7938 

'Iota I 3296 5341 31273 31801 

Variable costs 
Stall salaries 4800' 4800' 38400" 38400' 
Ropes 1350 2700 17550 189110 
Ma intenance of raIs and miscellaneous 500 1000 3001) 3001) 
Fuel and mnisccllaneous traisport 1510 3000 8000 8000 

Iota) 8150 11501 66950 68300 
Total operating costs 11446 16841 98223 1001)1 

Annttual retuirns 
Yield (Itolt ,s)alIs%()hanscsts per year 25.2 50.4 327.6 352.8 
Cost olprodtuctio (S$ tine) 454 334 300 284 
Return per SS iriesment 
S$350 tonne 

at sale price 
0.77 1.05 1.17 1.23 

'\'o ikc;,
at$4010rm rnth|. 
'Mlarwgl alS1200 ImToth: ",uperionatS5))) Itonlith; solkes at $400))ionthi. 

coud be increased because it (epe nds on raft ITo increase prodtction and thereby lower 
cotnigurattion. sim. atdilalliti1 ) nCt1rilg. Il cost. a fillllelr to intclreaserodtlctiotl woulId nrecd 
Spain. iupto 4(1 (5 ol the waler space is ulili/ed his lalest rmin two to three harsests per year by 
for furning (iurlttburt and Ilurlburt 1974). 1he having three instead of' two rope irmmersions for 
retIraititg watcr spacc is required for alnchoring spat collectiot per year. [or this. two sets of rope 
atnd la\ itatioti. instead oflonetwould be rcquired. While the first 

Ior . (.5-ha aIl onl\ alladditiotal boat and set oftoe s is laden \\ith oi-growirg mussels 
other marginal increases in ,miscellaneous items suspended at tile setgrow-out ground. a second 
would be required to support its acti ties. 1o ofiropes could bc iatmersed ill the spat groutnid otr 
operatc a ).5-Ia firm a stall strength of fivc may spat collection. When spats ra\c attached to tile 
be rTqtIireld. I his assessiueint is based otl exper- secotd set of ropes. the ropes can then be 
ience gaiied Illnitissel research studies coll- traliSfelred Ito tile gr)\\-ot area tobe hlig 
ducted hy tie I )cparttient. I lie cost of' p rodLuC- ahIoigside those ropes %\ith tt-growing at usseIs. 

tiun is lowered i,)S'5;300 and SS284 for faris )epending ott spatlall II-eqtlticV. tire har\est is 
conttaining 13 17-1' rafts and 7 150-itt2 rafls, possible every 4 months. i.e.. threc harvests per 
respectisely. year. For a 0.5-ha Ilarin aw\ay 'rom tilespat 

grtund, a fiaitcr \%wotld riced to tIa i ita ill a ltlher 
Ili lotif afni . 0.25-ha \ith three 150-m 2arIllri rats at 0' e spat

lie hcalionr of tre larm. i.e.. shethrer it is collecting area. Because spat-laden ropes weigh 
witli a ,pat grrltnd orasay Irti.aspat grimld. 25 501 less thani ropes at harvest, tire stocking 
allects crst o prodtuctiot because farms outlside detisity ti spat-collmcting rafts can be 8 I0 

' +

tirespat grottuld \olld treed to transfer spats ropes u instead of 4 ropes m2 as practiced otl 
frot spat-collecting areas to !he g row-oult areas.' gross-(itt alts. 
A larriter operating away ftint the spat gl(ltild 
wouldt.Iherefile. have to 1aiitaill asl, ller faIrt Ifarirs spat-collectirgI-tin located within tile 
intIrespat grtund folr spat-collectit i purposes. raIts lsed for grtow-ot) caiarea. tire also be tised 
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for collecling spals and tie spalt-colh.lctigIropes 
can hc iiir1g alongsidecross-0ut ropcs it the 
Iillll so \,ishcs. II'lecc. a 0.5-ha rlim \\sould 
snllice loreither tsso oi three hIar\csh per eatI, 
\\ihile or rsso sls ot lope. Ilitre ie also 
sa\ ine, IIIlIlbihi hcclusc tie ropcs iced riot he 
tiaillselred 11orri one iica to llllte.r. 

A comlparisi of' tie costs 01 operltilg one 
farm \\ithin ire spat Pru:id arid another away'v 
fmni tie spat ground are siltv ii in Table 5. 1 lie 

costs of'production lr operating i0.5-ha larn 
w\\ilhl tire spat ground using se\cn 150-n1 rlts 
are SS284 and SS229 t I'm two larvests per ycar 
and three harvests per year, respcctively. lhe 
samIe si/c operated the spatkilltir ima. frot 
gzround requires another 0.25 la in tire spat 
gtIouild litspat collectiig. Such I0.75-Ia farm 
\\11M incur I productior cost of SS335 and 
SS262 I for two har\ests per year an d three 
irarsts per \cai, respectively. When a 0.75-ha 

lable 5. Cormp;atise costs of operatirig lrrs s,,itlhi hon the spat ground based til 198(0 pricesaind a\im 

Assulmiprions 
Sets ol ropes used
 

lat(iil ropes setl 

Ra Itsfor production
 

1151 r, rllT) 

Ralts for Spilt
cotleetiorn 

(150 n" riilt) 

,,\rat.\sis (ligures inSS unless 
orlier ise stlated) 

('a pital iri esrnrirut 
Fixed assets 

Working capital 


"Iotll
tiaiil 


()peritiing Cost c;r
 
Fixed costs 

)epreciation 
Licence lee 

Cost if ciapihatt 0';interest 
Total lixed costs 

Va rail' costs 
Stall salil
rs4 


Ropes (4-m pols coco) 
Mairlitelilnce of hoars inld 
nlisicllilineolus 


Fuel aid other miscel
aollris transpolrt 

I otal ariahle costs 

"Tiial operailaig costs 

Aniuiarl returns 
Yield (iortles)" 
Cost ofproduction (SS tlorre) 
Return per SS inivestnment iat 

sle price S$350, lone 

(SS2. 5 = t.S.S1.0(). 

Wiiliin spar grourtld A\siv fr spilt ground 

0.5-ha larn 0.75-ii fiirr (0.75-ha larii) 

2 liar\ests 3 hlirsts 2 hiress, 3 liarsests 2 harvestsi 3 larests/ 
sCar sea r ear yea r yea r iar 

1 2 I 2 1 2
 

7T 10 IO 7h 7h 

-- - 3 3
 

45226 45226 62180 62180) 64180 64180
 
34150I 441110 3845(0 52200 37050 46750
 
79376 89326 10(1630 114380 101230 111930
 

23363 23363 32891 32891) 33290 33291)
 
5(11) 5(1(1 751 750 751) 751)
 

7938 8933 11)63 11438 11123 11093
 
31811 32796 437103 45078 44163 45133
 

384000 3840 34111 38400 43201) 4321)

' 
156';)' (44' ) (51;1' (37 1) (58% )' (46(;)
 

18900 378011 27000 541100 189110 37800
 

31100 3500 3500 3500 3500 3500
 

8000 8500 801)) 8500 8500 9111)
 
68301) 882010 769011 104400 74100 9351)0
 

111111)1 120996 120163 149478 118263 138633
 

352.8 529.2 514.10 756.0 352.8 529.2 
284 229 239 198 335 262
 

1.23 1.53 1.46 1.77 1.04 1.34 

Tails ustd 
% 
lot harb tir ciillcion and giu5-oit 

'Sewnri lii in g u it rea. threeI lcated in %palgrouinid. 
I l oiims Imtctii ge il stalli salauith iriableiist . 

' lised oil42 kg ,4-i pol.icoi rope pt liarssl. 
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Table 6. Cost benefit analksis of %arious raft culture operations using 4-m polxcoco ropes (based on cost ot production calculated in Tables 3 5). 

Within spat ground A%%a\ from spat ground 

0.5-ha farm 0.75-ha farm 0.75-ha farm 

Sinele unit 2 har\ests )ear 3 har\ests \ear 2 harscsts \car 3 harxcsts %car2 harxests ear 3 harxests wear 

2 harscsts sear 13 x 75-m- 7 X 150-m- 7 X 150-m- 10 X 150-m- 10 x 150-m- 10 X 150-m- 10 X 150-m
s
150-m- rafts ratts ralts rafts ralt ralts rafts rafts
 

(I)Cost of production 
(SS tonne) 

(2)Total operating cost (SS) 
334 

16841 
300 

98223 
284 

100101 
229 

120996 
239 

120603 
198 

149478 
335 

118263 
262 

138633 
(3) Annual production (tonnes) 50.4 327.6 352.8 529.2 504.0 756.0 352.8 529.2 
(4)Gross annual reccipts (SS) 

at SS350 tonne 17640 114660 123480 165220 176400 264600 123480 185220 
(5) Return per SS inestment 

(3 - 2)(SS) 1.05 1.17 1.23 1.53 1.46 1.77 1.04 1.34 
(6) l)epreciation %aluc(SS) 3809 22681 23363 23363 32890 32890 33290 33290 
(71 Tota I operating cost less 

depreciation (2 6) (SS) 13032 75542 16738 97633 87713 116588 84973 105343 
(8) Cash haLo,before tax 

(4 7) (SS) 4608 39118 46742 87587 88687 148012 38507 79877 
(9)Taxable profit (4 2) (SS) 799 16437 23379 64224 55797 115122 5217 46587 
(10) Tax at 40'' of(9)(SS) 320 6575 9352 25690 22319 46049 2087 18635 
(11)Net cash return (8 10(SS) 4288 32543 37390 61897 66368 101963 36420 61242 
(12) Total capital (SS) 14568 80918 79376 89326 100630 114380 101230 110930 
1131 Pa~out period (2 1 I1) 

Icars) 3.40 2.49 2.12 1.44 1.52 1.12 2.78 1.81 
(14) Capital recocrx factor 

(I1 12, 0.2943 0.4022 0.4710 0.6929 0.6595 0.8914 0.3598 0.5521 
(15) Internal ra.c of return lor 

5 %cars (l") 14.4 28.9 37.5 >40.0 >40.0 >40.0 23.4 >40.0 
(16) Total %%ork force' 

(no. of people )car) i 5 5 5 5 5 6 6 
(17) ProductixitN (3 + 16) 

(tonnes man-xearl 50.4 65.5 70.6 105.8 100.8 151.2 58.8 88.2 

'Include', manaer. supcrisor,and s.orker,. 



Farm is entirely operated within the spat ground, 
the costs of production are S$239 and SS198,1t 
for two harvests per year and three harvests per 
year, respective l, 
Cost Beniefi! Anallysis 

n 198, the exfari,rI arugate) iice of shell-I ti in ape wits aho S3t 

on innussels i n ort 30.rafts
Culture operations whose production costs ex-
teed this cost wold ithereore, be uneconomical. 
A cost bene'it analysis of operations whose 
production costs are lower than tlie exfarm price 
is shown in [able 6. Pay-out periods range Irom 
1.12 for a 0.75-ha fiarm located withitn the spat 
gtouls, comprising It 150-ni rafts and oper-
ated oti a three harvest per year cycle, to 3.40 fora 
750-m2 farm located %%ithin tile spilt grounds. 
comprising one 150-in2 raftand operated on a 
two harvest per year cycle. Correspondingeapilal 
rec(o'erv factors (CRIl:s) are 0.8914 ).2943. re-
spectively. \with intertnal rates of return (for a 
5-year period) varying from >40.0Vi in the 
former instance to 14.4("; in tie latter. 

Discussion 

Clifton (1980) observed for mussel growing in 
the United States that small-scale operations are 
unworkable in a high-wage country and sup-
ported Korringa (1976). in his assessment of the 
I)utch lussel industry, that better profits could 
he reali/ed through large-scale operations ;nlld a 
high degree of meclitiition. I lie same holds 
true for Singapore. Stalfenilunienti is the single 
most expetisive itetl under variable cost. ranging 
from 37 to 58(i (lable 5). Ihis is typical of 

cultures w%-here tile cultured animal and food are 
derived from the wil and are obtained, more or 
less. wiliotit cost. In cultures where the cultured 
aninal and food are purchased tlie costs of such 
items predominate. For mussel culture, where the 
produce is inexpensive, a high turnover or yield is 
necessary to .justify the high capital outlay oi 

and large-scale operations because ofecononies of scale. are therefore more eco

nomical to operate than small-scale ones.
The productivity of the work force ranged 

fromn 50.4 to 151.2 t matin-year (Table 0). In the 
United Staites productivity is calculated to be 33.3 
based on 1333 bushels man-year at 25 kg bushel. 
and 150.0 in the Netherlands based oi 6000 
bushels hian-year (Clilton 1980). In the Phil
ippines, productivity is 24.5 t man-year, based 
oi 114 man-days or'O.31 man-years for a yield of 
7.6 t of nitssels al aliproxitiately 3.5 kg 
gallon of mtussels. 6 pesos gallon. and ,,oss 
receipts of 12975 pesos perO.5-ha lari(i 11('AR R 
1977). The high productivity in tle Netherlands 

is attained through a high degree of inechamii,a

tion. With labour cost on the increase in 
Singapore. labour-intensivc operations like post
harvcst handling \\ould lax to he similarly 

nlechlimied. 
Sensitivity tests on1 the cost of production 

under varying costs of ralft, labour, and yields 
were conducted (Table 7 gives the results for a 
0.5-ha iarmn within the spat ground). Increases in 
labour costs \\ere found to have greater impact 
on productiot Cost than decreases in ratft cost. 
Cost could he reduced dralatically through 
increases in yields. With larger parent populla
tions established through increased farming 
acti\ity heavier spatfalls could be expected and 

Table 7. Sensit iit\ le.I on co1t (it production ISS it fon a 0.5-ha larin comprising seen 150-i ralts located 

Rcduct ion iii r ll cost (( I 
t0 

21) 
41) 
6t) 

Increase in lahour col (( i ) 
) 

IM 
15 
20 

111 llLwJ'." % pC[ W I1 
lhice lIl w.%elPet tClt 

5(ithlin spat groulnds. 

Yield (kg rope)' Yield (kg rope)" 
21) 42 5(6 60 70 80 20 42 56 60 70 80 

596 284 213 199 170 149 481) 229 171 160 137 120 
565 269 202 188 1(2 141 460 219 164 153 131 115 
535 
505 

255 
24)) 

191 178 
1811 168 

153 
144 

134 
126 

440 
419 

21)9 
200 

157 
1501 

147 
141) 

126 
120 

II0 
105 

596 284 213 199 17t1 149 480 229 171 160 137 120 
(211 295 221 217 177 155 49 236 177 165 142 124 
632 3101 226 211 181 158 51)4 24)) 180 1(68 144 126 
644 317 23)) 215 184 161 512 244 183 171 146 128 

Nnte: IO tl Ijit t icatcS S$351 i "alc-ptice Iec[, 
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yields \vould thercloi increase. Conersely 'ith 

ovexfislhing, tihe relt piptiot n \\(ilwoId become 

depleted and poor spatill would resulF. 

(onclusion 

and tIing
Ralt culiure in,,u ing lontinniniii 

r+iI4-nil t titslopes Is a sinulc 1l(-ni a nd 

oilcihcr (.5- or (.75-ha fI isscc lounid to he 
cC.-(inliicall. feasible illSingapoic. labour ist 

and lia, ,i. InI III/. R.A.. I.. Mussel culture and 
flar,, NoIillil icii pic ,ac th ls:cti c. Anisteidan. 
[Is\ier ntilic Publishing ('ompaiiny. pp. 312 338. 

Ililtnlhtt. C'.(. and Ilnilbut!. S.W . 1974. ll:egold: 
inaliCltIIC ot1t lieCdihi blue niU,,,l (Alfilt,, 

edoli,). Mariine Fisherics Rosic'\. 37( 10), 10 IX. 
Koriiiga 1. 1976. I-ainling lariiil organisi Io+\% ill 

tile lod chain. Amqtcidani. IFIscsier Sci,.i ilic 
hllihin Cooupany. 204 p. 

4-rn.,o'loe,(rI'hili-ine ('oincil ho Agriculture aind 

Resources R( aircl 1977. 1lie Phlilippiines roi

mends lot ni,,,ls oindoystrs. 1977. Published 
I Fisheries and Aquitic Resouices,.is the single illostexpensi\e itet of teile a.l;Ihlejoiitl by.- 0:,, 

costs and sensitikity tests show that iiilcases ill 
kbotil eost \\01old hae gre.ItCr ilnpalcto 

production cost than decreases ill raft costs. 

Increases illyield drallatically' reduce the cost of 
produtllion.
 

_ _ -) 

Aidrcii. It. 1968. I he illloritancc and pussihilitics il 
In 

Possibilities anidIohlciin of Itislicrics l)celopnuit 
i iiSoull ist A ia. (iclinniIoindatioii otr)c\cl-
oping 'oniii , Ici lii ( Iegel) Sepc -beli \ ikiing 
Paper 5.15I 

(hen. I-A 1977. Iclmimiiai obscralioii, ol inisscl 

ciuliiicl iniSiluipocl'i. list 

uillssel cutiiittrc. IapCipIfl' (or tilte Ol 

Paper plpaed lor ilc 
Icch-
.. S\I:A\N Mecting o1I pcii tnof) aciltiic'c 

nical RcpoiU. SIMlig'ii- Indonesia, 31 .ailiut~i 
6 I'ctl Atoii\SI \\ 77 [A. Ig A )oc., WI4 17. 
pP. 73 80. 

<+ 
('icoiig. I I.Y. 119810). istidandl (hell. Pirclii 

oil laiicmthod of cultiiiing glei lllliicls, i',',ii 

01l1t%I 1 Suiiioic, ,ini .ltiiiczut l o41ii(-) poiu 
t'rimars ttti is. s(2 ,lUi 

(holiig. I . and I cc. Il.B. press). Itniprl%llcils I0(ill 


rolpC dIcSigii 101 ie Iill 'liltre'0of grCCI IIIIissCtS. 
P'orm i'1i (I .1 in Siiiguptolc. 

Clifton..I,A. 19(. Soillic ccomlolllii ilusosfo [Cutire 

(eintal I.tnion Sa.L Inicisity. National Science 
I)cscltopilnlil Jtoald. Slt licast Aian l-ishcrics 
io' ,.,pillcll(Cnter. aint Philippine (ouncil foir 

Agiicilii and Reouicces Rescaich. 42 p. 

iscussion 

'I \o malolr Components of' expenditures ill 
tissel culture are the cost olthe raft and Iahour. 

F.alloiir cost in siilgapoic is relatively high and, 
hence. inelini/atiimi of hat \esting+ and sole 
[lostiarl, est iiperations is recommtiended. Theew. 

\Ce used for
Ills decrilld illtilepaper 

Irlioses. 'ollictial 

llight hi cheaper. 'l hcreflir. a rdtictioil illraf't 
cost sas Considered illtle sensitivity analysis 
stld. 

'lhe extent iif pl'_.i production mtst he 
c'ic\ l 

experimental Iti thus. arafts 

examined in light ol"'he demand for mussels. This 
stld' assumed constlant market price f'or the 

ma11rketpriidlct. It is ilp iam t 1t stidy the Ior 

tmaYnhe a limitedmussels. Fresh mussels 
market billth development of markets both 
locally and intetlliniilV I' processed 
mussels ilight increase the \alte of' the product. 
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Economic A nalysis ofIntegrated Pig-Fish Farming
 
Operations in the Philippines
 

Ruben C. Sevillejal 

of inttegrating Iish 

hased oilI is eIIperii i ll 


[he feasihilit %ithhackyard aidiconmercial pig operations is analy/ed
l tls II11 tiltI pig-lh li Is. I lie maiii IItr stoIltie Cx pCriliien ts was Ih,

dteelopit it (if appropriate technologies i ol,.ing tle titili/Ittiiti of pig maniiiure ill tilapil, 
prod uc(itonll.h I.'\,'the expeiri nclital ittegrited projcct Sho\,ed thail it is operitiiig lt aA ItI' ,ofI 
lio.I tli.s, "tiilts L ntt relh.cltte irleccolt ni .potelil] of [hle svstemI tsat iIexperiiCntal. hcL'itinotprojecot it \sais desigiie.'t to iniilni/e prtits,, Ising pariti~l hbudgeting[ techniques., it is estihmte.d 

hnteglate.dplodtietoithlat fish oitold i1ciiis tle incomes (1' bollh1 hackyaid and conlinerecial pig
oipeiatitlns. lliseser. tile tdditioinal calital iciuietnc ntsICdlIcc the lalies of ellitrn oi total 
i\mestnillte t. It appei s that the lirgei' opLe1itiI s \'%illhenefit Ilire l-oil) ntegrltioll tliln thestlaller 
enterprllises. 

The integration of likestock and fish lrming setticd in a review made by I)elrnendo (198 )). Lee 
systems has getierated intcrest illnong flar1ers for (1980) ai,o attempted to compare the economic 
several reasons. Foremost anliong these is the elficiency of different crop livestock fish fitrn
clficicnlt ttiliatioti offresources and the Itlaxi- ing operations in laiwati. Optimuml manure
 
mi/ation of' hoetelits dctived Iromn the flart. loading ratcs and coi rrespnding ccuinlic return+s
 
Suhbstantial information ot integrated li\cstock for Philippine pig-fish opcrations have been
 
fish farning systems has becin reported (Pastakia comiputed by Hlopkins et al. (in press).

1971'-. illin and Shhadeli 1980;'l'tangco 98)0). At this stace of aI uactItre research and
 
In Southeast Asia. the systems iti operittion have dvchelpmcnt. c.iieconoic probletis limc become
 
becti taditioially carried out at a subsisttnce the iajor area of concern. Areas such as 
level %%ith cr\ lifiited applicatioti of scieltilic optilltt resoturce allocation, efficieincy ofin\cst
principles. Howvc\er. the adoption of imnodern itet, operating costs, tld incomes have not been
tcIliol,lies a,nd niatagelmetnt proccdtIrcs is clearly established. "[he economlics of integrated
increasing as research data and inlormation fish hlirting systems warrant further studies to 
becomeiiiorc availablc. Notable research oi the Provide governimiietnt and prixate planners with 
SUb,cot has bcen perf ormeld by Schrocdcr and uLcftll guidelincs for Iltttrc itllmlelnlentation. 'lbis 
Ilepher (1979). \Vyiarov ich 11979. l198(0). (Cru paper aitus to partly satisfy this end by presenting
and Shchadtdh 11980). aid SchrCdcr (1980). art ccononlic analysis oh selected integrated pig-

In the hlilippines. inflormation oilintegrated lislt lbirning operatittls. 
systems is scarce bccause the intetgratiotn of 
agriculture and aLltMCtltir- farming systems is 
just beginning Wde ll ('rtl, 19801)). It \%ls only Case Studies 
recently that rcscarch as initiatcd as a result of treecasesttdiesatthe reeogiiti presented:acommercialoi the. itiipolta.nce of atluaculturle Thecae.tds :plSltd ; onnl'C.l 
ti the indtions ctei itniMy. groiwing operation rep esented by the integrated 

As technologies for integrated systems are pig-f h experintal prijeet being jointly nder
deeloped, theireAC) taken by the Freshwater Aquacuiture Center

Cti t I tIi State UniversitydImniiistr atted to justify thcir adoption ( ( ) at ntr aland LA the nation t loi-'crsity
application. lIlow vr,detailed econotiic il- (('l.5 ) attd the Ititrttii:l Center for li'.ing
f'ortiiatiot is lititd. tt exaiples were pre- Atquatic Resturces Managcnent (ICIARM),_____ ilitdSo___wrhr the CLSIJ-FAC ICI.ARM proiject: a backyard

('Central I.Itin Stutte tilivCrSity. ('ollege o lolnd pig opcel'ation: and a small conmmercial pig 
Fisheries. Mitfio,. Nute\a lciia, Ilhilippines 2320. breeding and growing operation. The objcectives 
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of the case studies were to examine the economiCs 
of the systems and to determine the feasibility of 

integrating pig operations with fish prodtction. 
)ata fromt the piggery operation of the Cl.S I-

FAC ICI.ARM project were analy/ed and are 
presented in the fit st case study. Fight I'arners-
were visited and intervic\ssd to obtain hinfornia-
tion on backyard pig operations.] lie respotdents 
\\ere from within a 15-kin radius of ('I.S1. 
Because of tile difficlty of' getting ,olhtntary 
itl'ortllation frol commeicial pig breeding and 

gloWing operations, basic data 'rom the work of' 
Sattrnoi (1980) \%ere used and tie costs ind 

alties were updated to 1981)mleeIs. 'I lie 'ish 

culture sections of aIll the case studies were hased 

on IHopkins et al. (in press). 

Case Study I: ('ommercial Growing 
Operation 

I('IARMI projee oil whichthat tile CI.SI1-FAC somewhat hypothetical 
h tl t A Icre 

this stuidv ss.as based was not designed in a 

inainnetr appiro priate 1kor ai nimerela.I growing 

operat ion. The project is a 3-ha rescarilch faci ility 

that has as its principal tibJecti\e tle de elop 
inetit of "lafe iial fish svsteis suited to the 

This case study is ill 

tropicbe niml fish i itd Dteof replicated e.xperiments.rtopics hy' the usme I).tla 

Itroinlt le project \wer it sed to design and anilv/c 

ai 8)-heaid c",ntilercial g.ro\\ing operatioll )I.Only 

the si/c of, the ponds (I IIM versls 0.I Ii in the 

experillentail facility) was changed. 

Facilities 
Pig pens ma;tde oif concrete aind gV.lvaiied iron 

roofing and provided with ii.c(Itiate feedi g aii d 

drinking facilities were constrticted on top of lie 

fishlpond dikes. ach pen \was cotnetected to the 

poid by a.short channel. Matuire or waste matter 

was conveyed directly intto the pond throtiugh tie 

chatinl. 

Production Mianagenn System 
This studv is based on Cru/ and She l 

(198110)and ltopkins et al. (in press). I'xperiments 
were rtin f'or 10-daycleees (6 tl onths). which 

the pig rearing period fromcorrespond to 
to nlarket-s/e pigswea lings (10I 15 kg) 

(80 I100 kg). lhe weatilings (large White 
ILand race cross) \\'ere ptirchased from comniercial 

breeding tarms a.ncd grown according to recoiii-
ncntidcd Philippine practices (PCARIR 1976). 

Daily feeding with ncoinmercial feeds was clone at 

the rate if 3 5"1 body weight. Starter ration was 
fed utn il fthe pigs rciched a.ii average indiidtial 

weight of' 20 25 kg, then a grosser ration was 

given tin il cach aiinial weighed ahoit 55 60 kg. 
A fiiislier ration was then ied unintil marketing. 

For each pig growing period, there were two 
90-day fish culture cycles. Fish were stocked as 
fingerlings that weighed I I0 g. "ilapia (Saro
ierodon niloficus), which comprised 85('j of the 

total number of fish stocked, was the main 
species cultured. Common carp (C(:ririm. carfio) 
made up 1W' and the remainder was composed 
of ()lHiCt'eluiu.S .S\1ialus (the snakehe.iad or 
"'dalag"),which was stocked as a predator fish. 
All fish were harvested at the end of each culture 

cycle by draining the ponds. 
Daily manure loading was done sinultan

eously with pig pen cleaning by washing the pig 

wastes frm the pen directly into the poll(]. 

Productiotimfunctions (Table I) relating maniure 

input to fisll yields were le\eloped by I1opkinset 

Table .IIProdnetion tunctions relating pig mantire to 
yiclds of tilapia ISah'l/i'r,',n 1ilotii'io) antl carp 
( rlprinu%i'arpio). Based on I opkins et al. (in press). 

Ili iait 5t1 3.11XX 2.655 X 
Y = net ilapia vietl (kg, ha/ 90 dtavs) 
X f.resh manure (t liha /90 days) 

Flt titapia: Y = 25.915 + 132.78 265X 

0 . 
Forcarp: Log. Y= 3.8209 4-0.4736 log,.M + 1771 log, 11 

where Y net carp yiehl (kg: ha /90 days) 
M Ifresh manure (t ia'90 days)
Bi carp bioniass at stocking (kg/ ha) 

Table 2. Capital costs (1P)of three types of integrated 
pig-Iish farming systenis. Niea I-ciia. Philippines, 

= 1980 ( P7.40 U.S.$1.00I), 

Small 
Com- breeding 

mercial anot 
growing Backyard growing 

Piggery' 
tiildings per pens 53000 2000 80000 
Tools and Cqtluipment 10M0 32 1600 
Water systen 70(X) 250 12000 
Other lxtures 1000 - 1400 

rohal 62000 2282 95000 

F 'ipond' 
2tnpond onsltrn( 

2750Watr ss'iem 2750 1322 

Nets at P26,ni 2772 975 3120
 
Buckets at P35 each 3920 350 3850
 

Total 47802 5403 52791
 

'ased in ictual cot, idated it) 190 loelk.
 
"licluielect ial ,I,,,stem.
tence. etc. 
' Basd on hopkins etal. (ill pros). Aiiimie, ;in cxca ,ated 

a r 1. 1ha lt e or thetspiit iiihgips itP inlidsis ners 
commeincrcial grl, irig opeicilil. i0.12 ha lor the hackynrd 

nand 1iiiiii1.3 Imli i le nihll hitxiling iid gimkilig 
opclati,,. 
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al. (in press) and are used here. In using these 
functions. tle manure loading for the first 90-dav6 
and second 90-day periods was computed. These" 

values were used separately to compute the 
appropriate fish yields for each 90-day period. 

Total fish proluction ofaboul 3600 kg, ha 18(1 
days was ohtained. The tilapia yield of 3000 kg ha 
froni the same trial was higher than the average 

Net incomeRate of return on 
investment (RO) 
(% per year)' 

Fishpond 
CostsFingerlings at 

production of 1042 kg ha 120 days with fertiliz- P0.05 cach 
ation and supplemental fceding earlier achieved 

at the "AC((;terrero 1976). 


Capital Investnent 
The value of* invcstment items is presented ill 

Table 2. A lotal of' P109 802 (I7.40 = I.S.S1.00) 
Was invested for the facility. About 44'; of the 
total investment was spent i(orthe fish produclioll 

facility. 


Costs and Returns 
Table 3 sumniari/es the costs and retitrns o 

tile iitegrated pig fish experimental facility al 
the ('I.SI-IA(" I(I.ARM pro'ject. For analysis 
purposes. a production cycle of 8 niorths WIIS 
considered instead of tihe actialI 6-nioith experi-
mental trials. "liealdditional 2-morth period was 
tecessa ry for" pond preparatio:r, repairs, and 

rlaiitenance prior to tile start of tire succeeding 
expeririental production cycle. 

Table 3. Operating cists and rleturns (P)of three types 
of iritegrated pig Iish ftarming s.,ternis, Nue\a Ecija. 

P~hilippines. 1980 (117.40= U.S.S1.01)l. 

Small 

(oni- hreel ing

rnercial aitd 
gross ing' lackyard' growinig 

' 
llileri
 
( ists 

Stock ss;eanlinigs 27200 1578 12000 
Feeds 68551 2405 71899 
Ihoiur 3600 4896 
)rugs a tind icine 8100 12 2280 

Fuel 
Repairs andi 

dlepreciar iorrn 4000 
lIcctricit. 
Ia.\e,, and 	licence 
Freigtht 1386 
Toral costs 105537 

Returns 

Pig sates 882001 
Sie cIerpty 

Iced hags 1188 
Satle of rniuiri.re 
"total returns 89388 

1603 

231 	 6000 
3900 

11136 

4226 113714 

5050 110894 

7141 
2400 

5051 126434 

'oniirt'd 


Irrigation fee at 
P1390 ha/year 

Iand rent at 
P1950/ hia/ year 

tiihour at 1115/ 
alnl-day 

Mainure-
Poison at IP10.50/ 

Ia/applicat[ion 
Pond maintenance 

arnd depreciation
Total costs 

Returns 
Fish sates: 
Tilapia at P9.00/kg 
Carp at l'5.00(kg 
Total returns 


Net 
Rare of return on 
inestrireni (ROID 

, ircorne 

((7;
per ycar) 

Integrated 
Tolat capital 
initnlent 
rotal Icosts
Total returns' 

Net income 
Rate of return oil 
irisestruenllt OI) 
(l';per ycar) 
_ 

TbAh 3 coliunzud 

(16149) 824 1220 

43.2 19.5 

6000 720 7800 

260 39 338 

1300 195 1690 

555 -- 675 
- 2400 

21 3 27 

4483
12619 417

1374 3956
16886 

26820 3735 41436 
3000 255 4500 

29820 3990 45936 
17201 2616 29050 

54 57.6 82.5 

109802 7685 147791 
118156
119208 

5600 
9040 

130600 
172370 

1052 3440 41770 

I 54 42 

'Assiiiiis 	 ranH-niiinh prodiuction Ocle
 
Nsoincs it1-nliinlh prodtucion csele.
 

Biased iniactual cir't 1lIpdared to1980I(lesc. Does no 
includeoppoiltrnlil Costot lan usedh.%te piger) hecarise 
area is niiinial. 

[sriI red. 
ttick!;ll: R0t pciod x 1.2: uu'uer ROt period ^ 1.5. 
t(;uLawl 	 .).onflIhupkins ci A. (inpt
'()ppolrlonit'cost iltIuu~uillir'(ilueuuir hureg unt (or),l srllt 

hl'ediil2 oiperatiin ollrl.in d groiimll 

Tie piggery aspect if the operttiot iniurred 
hisses: however. the income generated front fish 
production compensated for tire piggery opera
lion losses and resulted in a net income of P1 1,52 
(Table 3). 

Case Study 2: Backyard Pig Operation 

Iihis tvpe of pig operation is generally engaged 
in by operators to atgmerrt fanily incomes. 
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Normally. it is the hous iIc and childrenC s 10 d) 
most of, the daily animal eding and pen-clearing 
acti\ities. liccause this t\pC of opeliltion requirs 
linimal attention, the allollt of laboil" spent ill 

the dail.\ rotiIne icti\iics isgencrally consilercd 
the operator, as ice f/cmopportility costh).b\ l or this case study, the aserage numhecr of 

\\als six. altholugh operations \ilhallilinal" raised 

up to could he considCtd asI0 fleaid still 
backyard enterprise (lahadan 1979). Mixed
breed pigs of \ariiele parentage arc uslul\ 

tile ackyard pig operatorsraisel. Most of 
as their nIaiisouce 0findicated lice larilog 

likelihood, 

(apitai Ivestuent
lhe maior incslieit item for a bak\ard pig 

operation \\;as housing lIable 2). It comprised 

about 8'1 of the total il\cstlllcltcost. Pig pens 

\aricd Iroiti the low-cost type illade of bamlhoo 

\ill "iipa" m "'cogoll'"its roofing muateriials. to 

theil more Cxpcllnsi\e t\ P constircteed of concrlc 
hiollox\ bhks s ill galati/ecd iron rofs. Ilic 

type ssas collonl llllOg operaltosforler 
raising tip to three head dlereas Ithose \s ihi iore 

aInlimils in their Itill built the ilore expeisive 
bul 1ltlrC dulaiheil. pC. It general. tilepig pens 

had concrete IloorinL to facilitate cleaing. I his 
in turn allo\\ed for the illaitlelitance of belter 

salilarv colilitiotis. 

Product ioni/,N 111gcmenct System 

Iackyard pig operations tollo\Cd a simple 


patteril. 'I lie uperators boght dhc desired 111t1n1- Usitng the productiot functiols in laleI1. the 

her of atnimals alnd raised them to market si/e at 
ole lile. After disposing of tile fatened pigs. 

another batch of animiil ls xsas purchased 111ndit 
secotnd prodtction c\cle \\as catrried ott. 

'I he daily rati,.i of tI alitllals conisistel ;' 
pre illxed couill uecial feeds supplemented %.ith 

corn grits. brokeni rice (binlid). or kitchen refuse. 
Also. theltuanimals \xecr fed (aily itlh fresh le\ cs 
of ipil-ipil (Ih I'tnt'u /v ' lc/lhw/). kainlote 

(,1iutoll awlla.'.). ol kangkolg Illoo/itd 
i'l'iult.). Ihis s\stcm enabledtlc IarnlLrs i gi.ll 

substant ial sax ings 01i comImliercia1l feeds 

(BAI(ON 19761. It took the operators about 8 
tiloilhs to grow their pigs to ilmarketable sie. 

C'osts ait! returns 
are showni i

of this systemIhe ccoliomics 
Table 3. Ixpenses for the purchase of stock (6 
pigs), feeds. anitd d rugs medicines were the oly 
variable costs incurred by htckyarul pig opera-

tiotns. Because the operators considered their 
labour as free, it \\as nolt iticLudcd asa cost iteil i 
the analysis. IHence. the cotuipited let incotile 
actulaIlly represelts the residual tlhat accrued to 

operators for their capital, labour. mallagellient. 
and risk after all expenses Were dc(edntetd I'rl1lm 
gross incollC. Ihe letilcoie from the operation 
\ I'P824.00). equiilent Oil annual hasis to 
:about 43'/ of the total capital in\cstmenlt. 

ei vntegratigith sp'roducriutFish 
ih r (ilol'Ile c-siiit oin gr ig 

\ath existing back\ard pig operations \ans anal
1v/ed. 'Ihe additiotal capital il\estment required 

for the fish production faciliy svas estimated 
following tie guideline. presented hy I topkins et 

al. ii press). I his aiillulout was then redtuced to 
tellect tile use of fImilv labour (with /'ero 
opportutlity cost) ill plod collstructioll. 

It was estimated that Itlti.Ire production from 
the backyard pig operations is 153 and 319 kg pig 

for the first and second 120-day production 
periods, respccii\cly. ' lts. a ishpotld area oif 

aot, 1210 ill i iccldcd \%ith six pigs. Ihis was 
colilpitled by di\ iding tIle alliOtilnt of pig \sastes 

miaiahle (fabot 2.8 I) hv ;I illillre loading rate 
of 23 t (tile cltiialent of 53 pigs haI)multiplied 

b\ I10000. Ilopkins ctl l. (iii press) conliluded 

that if irtanitre is limited. potds \\ith gravity 

Wiater s\stcls \\ill maxii/e cash profits when 
the rate of 53 pigs ha.lmuitire is added at 

Ilackyard pig raisers ieeded (Iabout 8 tionitlis to 

gro\ their aninals from \weanlings to tulketable 
lence. the\ can haxe tmo 121-day fishsi/c, 

productiol periods. Io coillplctc the production 
cvecc. ai additional 2-month period is tneeded Ior 

potid preparation, repairs, and Illaiitelatice. 

fish yields were predicted oil tile asstlption that 
Ior a given amoutit of manure. fish yield will be 

equi\alenlt for either the 90-day or 120-day 
produCetiti period. 

With tile iltegration of' fish production. back
yard piggery raisers can increase their tiet 
incomes by P2616 10 lmonths (Table 3). Cor
ptcd oin aim ainnual hasis, this ittmo,iiuts to P3139. 
Witli illtegration, the atnntltal rate of return to 

operator's -apital, lahbour, matigenit, and :.sk 
so increases from 43(' to 54(i. both hig'r than 

tie opportunity cost ol' capittl (18 2l'i). 

Case Study 3: Small Pig Breediwi and(;rowing Operation
G 

"llis study is based orl Satttrtio (1980). The 
Medina piggery farm is located in antiug. 
Muti 0/. province of Nuc\'a "cija iin the philippites. 

lhe Iarm started its operatioli in 1963 with an 
iititiah capital investenlt of P55 5)6. The 1980 
replaceiliit cost of the ftcilities was estikiated to 
he P95 000. (Fable 2). ()l'this an1ot1t, about 841'i 
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was invested in buildings: farrowing huse: sow 
undi litter pens: boar house: gross ing finishing 
Pens: and a Storage house. 

Productioln/Nlinagenieli ysttnl 
Ihehlri raies bo h large Whit and Imac 

pigs and mainltains its o\,i breders, althoulgh 
animals ate purchased occasionally to replace 
poor hceders. lhe alinals arc ted mainlv ivth a 
hartl-inixed tatin consisting of rice bran, and 
Ceuitnerciial CLd ingre'dients. [he dry lot t0<eling 
system is practiced. 

At any onenine. the farm maintains ahout 162 
anintals )f \ari)us si/es and ages \%ilh ant 
apprxittatc total \kcight of 66Xt) kg. l"attmters 
finishers are raised to the marketable sic( oI 
70 90 kg in about 6 nionths. Ctlling is practiced 
to eliminate ptoo pCrh tlfimers. 

('osts and Returns 
IIlie allj. expense itcll for the small pig 

brccditIg and gro\s ing opcationl \%as feeds. %%hich 
cotllpriscld about 03f( of the total cost of 
product itt. Olie: ma jor expetise items \%re Cost 
of replacetent stock, taxes and liceces. and 
repairs and depreciation. I he total cost incurred 
b\ the farm amutitned to P113 714. 

Income romll the piggcry opcatiolt catme foni 
the sale of pi, cs.rtptv feed havs. and ,narnure. Pig 
sales as oII .,ient\erc fronmthe major income tClpt 
tMarketed lfattCnCrs fittishCtrs. s.eattiis. uLd culled 

anilals. I lie nlt inconic gcnerated h\ the farl 

\,as 1P12 72) oruabot 19.5(, of total capital 

icstinctl (eIable 3). 

htegration sitth Fish i'rotuIction 
1lie estimated fresh nianttrc a ailable inl tile 

r,til \\as 360 kg day orabout 32 t 90days(5.4 
of total pig \%ight day). Based on a lanUre 
loding rate of 25 t ha (tle CLquiValett 1 80 
pigs ha t ce rid 91 days alishltld arau of 
atbolt 1.3 lia is ticcded for fish prodoctioti. This 
tl Ii trc luading rte %,%;tsrcco irie 11dcif b' 
tHopkins et al. fill press) to iitaxitilic itternal ruite 
Of reitrri. 

As i result of' thle uitiliationuof pig wastes for 
fish productint the Iarnt sa rilices tfte iticoitte it 
itormilly derics hr01am tile sale of lait, re. 
lltusevc, the additional ittcome to be deri\cd 
Irotm fish stles exceeds tle expected additionaI 
costs to he incurred resulting frtm the integ'atiun 
plus inctitc loregotic Irot the sale of matnure. 
Art increase itl net income tel 'I 450 X tntttlis 
Iray be drivcd with the iltegritioIn of fish 
promductioti to tite existing pig uiperation (Table
3). '"lie atnnual return oit investnent itcreases 
from 19"1 for the piggeiry ,peration alitne to 42'/ 
witI integratitn. 
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Discussion 

"he promising resuilts obtained from experi
tlllents oi intcgrled pig-fish Iarming have 
spurred renewed interest anrtitg aqitaculttrists. 
The utili/atiot of pig Wastes as a substitute for 
inorgatlic lcrtili,crs and comel rcial fish I'ceds is 
lost \Clconlc ill \icw of the rising costs of Illes 

lat ipt uts. 
Fconontic analysis of' the ('I .[tJ-FAC 

IK'.ARM protjcct indicates that the fish produc
tioli aspect ) tle illtcgratcl systclll \as profit
able. Indeed, in intcgrated systems, fish productiion 
plays a.major role., freetictly becoming tile most 
profitable part ofthe entcrprisc(dclaC('ru, 1979). 
the pig production aspect, ott the other hand. 
was ntot prtitable. This was due to thel high 
opcratilg expenses intirred il the pig growilg 
systcnt. W earlings and feeds \\ere all purchased 
fro iclllercial sources. Expcnscs for these 
itetis comprised aboutl 9 1I of the total produc
tiolt Costs. Althtough h henelicial ,fflect of' pigs 
oi fish is crv evidcut, tile pig production 
operatiott should also be profitable. lProducing 
\s.anlings itl the farm and imp vming feeding 
clTiciency b\ mixing feeds on the farmil may 
decrelse opcaling expenses and luake the system 
more profitable. 

Th[c integratiout of fish produtction with existing 
piggery operations increased the itlCntllCs of both 
backyard attd ititegrated breeding and grtwing 
operttions N\ithit1 the ('ISU arca. Backyard pig 
opcrators. assumninig thI they' hI\c the capital 

ottlay requiird to integrate fish production in 
their iarns. itcase their g ross incomte by P3999fno the sale of 415 kg tf tiiapia :!nid 51 kg of 
carp. fTis nicatis il dditinal tet income of' 
P26016 0.12-ha lishpotd 10 llmonlths. The small 

tcmmtercial breeding and growing operators also 
increase their e t icocme by shifting to an 
integrated pig fitsh s\tstti. taoig 

Con clusions 

Several tentative cnicllsiotls caIn be draiwn 
based oi this analysis: 

e In genieral, integrated pig fish faraming 
systems ctaili itncreualse Ir iters" inco tmies as the 
operatiotl laxilics tlte use of' resources. "The 
utili/aiion of pig nianurc not only increases fish 
produtction hitt atlso cults the cost tf' fish culture 
operations. 

e lie ('Ih ti-lAC I'.ARM integi'ated pro
ject is established mainly I'or experimenltal pur
poses. I lie piggery aspect oflthesystem. hiwvoer. 
clearly depicts the problems that conlmercial 



growing operations must face. This type of 
operation, in which control of weaniings aid eed 

quality is not ill the I'airmer's hand. is not 

propfiotae.fitahe.p Ii'ca si rig ctl e plyrhs 
into (lie prol'its, 

* Integration o1" fish production with pig 
operations increases fiarm incomes. With inte-
gration, the arnnttal rates of return on capital 
investmenit of both the backyard and commercial 
pig operations increased from 43(:; and 19(,' to 
54('i aind 421,', respectively.

nd.. resp i . 

1ecommnendal iofls 

The ultimate objective of aqtactilture research 
is to dev'elop and generate technologies to 
accelerate tie development of tite industry. Iti 

lost catses, however, investigators are mainly 
concerned with tie qiantifiatio an nalysis ofard 

observed data wit h very little ot rio irtforlniiiatio 
anall o tilrte e1 rloilnic iI'lplications of the results. 
It ntnv be \vortlivlilc to note tie hIlloving simuple 

recotnlnlenidatiois: 

• Tle majorily ot' prtduction (ecisiolls ;ire 
grelly depetldenit il ecointmic 'I'rces. Wlienever 

possible. produtteron-oriented aitltuactltural 

research should includeilelltncoiittiicclporietit. 

e B3iologists in general lack baekgrtund traiing 

inl ecornciics. 'I hey shoiuld seek thle assistanice of 

trined cftttio s i tthetheir research. 

iplitios oerf rtcrop 


ott 
dteir riccit 

SItis \er. dilficuhl to 'omnpa.re the ecollol~lle 
viability Ot at lttIaCtltiril techtnologies its practiced 
ill dillerent areas or localities. This is because the 
physical and eclllt,'ic cotldilionis arv Irom 
place ito place. Ill this respect. miore pilot 
prOdtlctiOll testillg of' VtiOUS aLltlICtllttrall tech-
nologies should be done for a given locality 

scale, and type of oipcratim. 
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Discussion 

In systems ol'integrated farming both conflicts 
and coniplen aritics occur. re Lobject ive is 10 
maximiie resource Lutilization. ()t the one hard. 
potential risk (e.g.. disease) is associated with the 
systeni: however, oil the othr', hand, diversifica-
tion may reduce market risks. There is. therefore, 
a Itrestion of the extent to which integrated 

farming increases both risks and returns. On 
h,a lance. integration may be more profitable. but 
tile farmers must always consider the risks 
itvlolved. 

The paper shows that integrated farming is 
more beneficial to larger-scale operations.

of' the risks involved.I ,large-scale opera~l 
tiOts necessitate betterI management. The 

returns on investnlent are substantialIy red(uced 
with integration: therel'ore, expansion ol'the hog 
operation ma\' be more attractive than 
integration of fish cultire. Furthernore. if it is 
more prolitable to sell hog manure in the )pen 
market, it should not he used in the integrated 

rm. The profitability of alternative Lses/ 

disposal of' manure need flurther study. 
Except in the partial budgeting analysis. the 

cost and return analysis did not irctLude land 
values or any implicit rent. If land rent was 
suhtracted, the return to investment would be 
lower than computed in tile paper. 

Pond depreciation is being used by both 

biologists and econom ists. If properly main
tained. the pond over tirire will appreciate in 
'alue. However. il capital is intested in fishpond 

developmert, there is depreciation. Land appre
ciation couLld offset deprecia ion, but it is 
important to distingulish the two sets of valhes. 
particularly because ponds vary in the extent of 
their dcvelopnment. 
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Economics of Cage Culture of Tilapia in
 

Sri Lanka
 

D. C. Galapitage'
 

Cage culture of' tilapia is very new in Sri ILanka, and tiis paper reports on preliminary 
production trials. An evaliation oft he economic 1'easibilityofcaguculture in Sri I.anka isconducled 
and recommnlttions ar made to improxe its economic feasibility. 

About 60(: of the population of'Sri L.anka 
depend solely on fish for their protein require-
ments. Ilowcver, per-capita consumption offish 
has dropped from 14.3 kg in 1970 to 10.4 kg in 
1978. This drop was not dfue to a reduction in 
local production, in fact. local production in-
crCased fromt 77 000 t in 1971 to 134 000 t in 1978. 
Rather, it wvas caused by a decrease in imports 
Iront 45"1 of local supply in1970 to 51" in 1978. 
'Ihis redtuction inimports was caused by foreign 
exchange problems in ea rly .yearsand by tlie 
unavailability ofdried fish inthe world tmarket in 
later years. This example of the ill effects of 
depending tt imports rather tian developing 
local resoutrces has led the (ox crnment of Sri 
LIanka to plice more attention Ott developing 
local resotrees to ni-'.et the demand for fish. 

Of the estimated productiot of fish inSri 
Lanka in 1978. 89('' was caught from the sca. 
Only about 11 (,' \%as harvested front about 
137 6001 ha of freshwatertanks. Inland fisheries in 
Sri ILanka arc exclusively.isreservoironfnedfishingafcwalndcollnlecialproucton o 
conneriael vord tit is cinsifiaier te a few 

tiiatjor reservoirs. Fisheries in smaller reservoirs 
operate at a sitbsistnce le\el. 

'[lie de\clopment plan for inland fisheriesaitiis 
ata produtctiott of 50) t) t yea r by 1983. Sute It 

of the first set of trials. The second section looks 
at the potential profitability of cage culture urider 
varying assumptions of price of Iced, feed 
conversions, and market price of the fish. It also 
looks at what the required stocking densities 
would be to.just cover all cost in addition to feed. 
The costs for the cage frame and netting are 
different than inthe first section and are based on 
known costs for a new experimental design that 
does tot inorporate I oating dn ms and accorm
tuodatcs four 3 x 3 3 in cages. In the third 
section a brief discussion is givetn on some of the 
limited baseline datta collected oti traditional 
capttre fisheries production and marketing. The 
fourth and fiinal presents tilea.thor'ssection 
conclusions and recommendations. 

Research Project 

Because cage culture is entirely new inlSri 
Lanka., initially three different sites were chosen 
to ,'epresent tile major climatic zones: 

a Polonnarutwa. which represents the dry 
zone of the island, receives less than 21(00) nim of 
rainfall (during the Northeast monsoons) and has 
a tenperature range of 24.5 34.5C. 

11dawalawe. which is also inthe dry zone, 
development strategy itiolves tileutilization off receives less than 2000 nim of rainfall fron the 
all possible avenues of production itt addition to 
intensification of capture fisheries itl tilereser-
voirs. One possible alternative is to raise fish int 
cages. This paper presents a preliminary study of 
tle technical aind ccootilic feasibility of cage 
culture inSri Lanka. lhe first section describes 
and discusses briefly tile organization and results 

Face, 
('ololltho 3. Sri ILank a. ItPeset t adiress: Deptrttcnit 
of cotomics. 1nisersity of Sri .layatwardarapra. 
Nugegodta. Sri L.anka.) 

Ministrs\ ol Fisheries. P.O. Box 1707. GIalle 

SiOtlhwest tmonsoons and h;s an aitnntal temper
atire range of 24 31 'C, ard 

a Nuwara l.liva, which is in the wet zone, 
represents the cooler arca of the country and is 
usuialIv below 20'C. 
The cage culture project begat with tie 

installation of 10 box-type cages at each site in 

February 198(0. However. because of poordesign 
an.rdcoistritetion, sotne cages sanlik and others 

were destroyed by high waves in the reservoirs. 
Due to these technical problems, these cages were 
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abandoned and new cages were Installed in July 

1980. These new cages had a bam boo frane and 

used metal druims ior floats. Each unit comprised 

four cages, and three units, i.e., 12 cages were 

installed at each experimental site. The overall 

experiment was designed in the fI lowving manner. 

At each site three feeding trials and two stocking 

densities %%ere used. At l)olonnaruwa. tilapia 

(Tiu'aia niholica) %%ere led either a pellet feed or 

rice bran or were given no supplemental Iced: at 

(daailawve, tilapia were given tile same feeds:


and at Nuwara lliya, rainbow trout (Sahno 

gairdn'eri) were given feeds with 3tlWi, 40(';, or 
50('i crude proteil. 

At all three sites, stocking densities of 600 and 
400 fingerlings per cage were used. All cxpei-
ments were conducted twice. The pellet feed used 
in tile experirlents was prepared at tie Institute 
of,' Fish Technology, Colonbo, under tie super-
%ision of a Iced technologist. [lie Iced ftor the 
rainbow trout was prepared on site under the 
instruction of a heed technologist. 

At Nuwarila Ili.a, rainbow troit were to be 
used because of tile suitable climate ad(J tie 
expected high market price. Ilosever, due to the 
urias1ilability Of a suifliciii u nt itv of finger-
lings and other technical and management 
problems, this experiment could not be com
plened. It %,sascalculated 0th1t meaningful obser-
varions wvere asailable Oily at tJdawalawe and 
the ftollowing econoniic caleulaitions aire bilsed 
only on the dat:i Obtained froi this site. 

The main objectives (of this economic study 
were: (I ) to develp a suitable approach 'or the 
socioeconomic cval'.atiori of a freshwater caige 
culture system in Sri Lanka: 12) to evaluate tile 
technical and economic feasibility of freshsvatcr 
cage culture in Sri I anka: and (3) to recommend 
futtrther areas of research to iroprose the potential 
f'or freshwater cage Culture ill Sri I.anka. 

Sone Advantages of ('age Culture 
There are several economic advarntages ofcage 

culture that increase the elficiency of resource 
use. Some of, the major ad\aitages arc: 

0 Cage culture, w\hich employs supplemental 
feeding arid the principle of confinemernt ini a 
water body, can expand fish production above 
tile maximum sustainable yield possible in tile 
natural environment by capture fisheries, 

- The efficiency of resource use can be 
increase(] by converting ii comniriiliri resorrce to 
private ovnership. Iii capture fishery. unless 
regulation or other controlling methods ire 
introdlced. lack of ownership ciall lead to seriosL 
overexploitation and inefficiency iii longer-term 
resource use. IIowever. a system inl which 
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fingerlings are stocked and raised in cages may 
lead to more efficient use of the resources that are 
employed because of organized and optimized 
stocking, feeding, and harvesting. 

0 Cage culture requires less initial capital than 
starting a pond culture operation. This potentially 
allows a relatively larger number of people to 
undertake cage culture. 

. Cage culture provides employment oppor
turlities to members of fishermen's families or 
other local members of' the community who are 
rot occupied in capture fisheries. This presents 

the opportunity for generating additional family 
incinle. 

e Cage culture can provide fishermen with a 
more regular income. The income generated 
from capture fisheries iil Sri Lanka's inland water 
bodies is subject to seasonal fluctuations. Cage 
culture, with aiproperly timed production pattern, 
call provide supplerieritary income to fishermen 
during pericds off low production from capture 
fisheries. Cage op,.rators can also take advantage 
of increased prices during low productiori periods 
I'r n capture fisheries to secure good financial 
returns Ior their products. 

* Consumers benefit because they ire assured 
ol'a more constant, and increased. supply offlish. 

Fixed Costs 
In cage culture, fixed costs consist of the 

capital costs of' tie cage fra incad tie net cage.2 
It also includes other materials and the cost of 
labour u:.ed to construct the cages because these 
are not subject to variaition with the changes in 
production in the short run. Three types of cage 
fraries have been used and their construction 
costs are shoswn in Table I. On a per cage basis. 
the expenditure on cage frames varies I'rom 
Rs. 157.00 per harvest for design II using only 
bamboo to Rs. 361.50 for design Ill using PVC 
pipes and empty plastic barrels (Rs. 18.6 = 
U.S.SI.t0). 'lie cost per cage frame per harvest 
for design I, using bamboo anrid netal drums, is 
Rs. 219.25. The costs per square metre are 
Rs. 24.36. Rs. 17.44. and Rs. 30.13, respectively, 
for designs I, I1. and I11. 

The total material used in construction contri
buted tile major share to total cost in all cases. 
Material costs were 88.60,/, 79.6('I. and 94.5(,!j of 
total cost for designs I, Ii. and III. respectively. 
There are two reasons for the low percentage of 

Ii is ussued that a ho:r wotld nor he required isan 
additional irestrilent as fisheriien ait these sites 
alread' o%%in t boal and thai freshmater cage culture in 
Sti l.anka is\ ic\\cd as acorfiplemlerl int asubstitute fbr 
traditional freshwater capture fisheries. 

http:U.S.SI.t0


Table I. Capital (fixed) costs (Rs.) of different frame and net types (Rs. 18.6 = l.S.$ 1.00). 

Percentage 
Total cost Cost! harvest of cost/ harvest 

Frame design I 
(Banboo Iratnes that ,iccomnodate four 3 x 3 x 3 r net cages) 

Material 
Bamhoo at Rs. 20 piece 240 120 13.7 
Empty metal drunos (45-gal) at Rs. 125 each 1125 281 32.0 
I'aitit at Rs. 20 I. 80 80 9.1 
Rope, 532 296 33.7 

labour at Rs. 4/hour 100 100 11.4 
Total cost 2077 877 100 
Cost/carc - 219.25 -
Cost/ i" -- 24.36 -

Frame design II 
(Banboo framres that accommodate two 3 x 3 x 3 m net cages) 

Material 
Bamboo IRs. 20/I. 260 130 41.4 
Rope" 220 120 38.2 

Labour atIRs. 4/hour 64 64 20.4 
Total cost 544 314 100 
Cost cage - 157 -
Cost, m -- 17.44 -

Irame deigni III 
(I'VC frames that accommodate two 3 4 2.5 nonet cages) 

Material 
PVC pipes, joints. glue, 1554 414 57.3 
Empt% plastic barrels at Rs. 90 each 
Rope ' 

540 
268 

135 
134 

18.7 
18.5 

lahour at Its. 4; hour 40 40 5.5 
ota I cost 2402 723 100 

Cost, cave - 361.50 --
Cost -- 30.13 -

Net cage Ipe I 

(Net 3 3 3 in) 

Material 
Nylon net (54 m:i at Rs. 4/n) 216 108 71.5 
"rwie rope' 54 27 17.9 

Labour at Rs. 4/hour 32 16 10.6 
Total cost 302 157 100 

Cost, In" - 6.71 -

Net cage type II 
(Net 4 x 3 x 2.5 t) 

Material 
Nylon net (59 m at Rs. 4/m) 236 118 69.8 
Twine/ rope' 54 27 16.0 

Labour at Its. 4/hour 48 24 14.2 
Total cost 338 169 100 
Cost /m' -- 5.63 -

'40011or 3.rrrrr iurtalon rope at Its. (i 100 11anid 50 rr tt)-mIr kuraton rore at Rs. 4/m. 
10 1h coir lope at R%.2 1hand 50 rr 10-nnr kuralon rope at Rs. 4 11. 

'40t n 1.5 inch PV "pipe ot Irt. 31 m. 4 I.-joints at It%.22. 81 -ioints at Its. 24. and 200 Vglue at R%.17/ 100 g, 
' i0 In 3-milkLralor rope ar It%. 68 (10I in and 50t ii 10-rnim kuralon iope at Its. 4 rrr. 
'0.5 1h 12-plh kotalon tsrine ar Iats 411 lb and 501i 3-rm kuralon rope ir It%. 68 100 ri. 
'Only 2.5 orlno height under \suacr. 
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labour costs in design III. One was tilehigh cost 
of material used and the other was tie relativel 
lower labour req uirement for constructing the 
PVC frame. 

)esigns I and Ill wereconstructed for research 
work and, therefore, were made extremely 
strong. which added to their cost. I)esign II was 
constructed to test the Iloating capacity olfa very 
s im p le fornmsimpeth a tfrmm ig hl betisdbe ii t] fu tu rehatmigtt u se d fuure 

commercial operations and it was expected to be 

cheaper. II owever. on aper harvest basis, its cost 

was not as low as expected. In practice. they were 

more expensive to maintain because the knots 

had to be thoroughly checked and some of' the 

roipe+ had to be repIa ced withI freshI co ir. Inladditionad to biieimennce expensres . theyaddition to high maintenance expenses, tiley, 

were unable to withstand high wave action. This 

type of cage frame mtlst be limited to use insmall
 
reservoirs and not used irl
Iarge tanks where wave 
action i.very high. Itsadvantage is its relatively 
low requirement for initial capital. 

"Imotypes of net cages were used (Table I). The 
cost per square metre and cubic metre for the 3 x 
3 - 3n nets are Rs. 16.78 and Rs. 6.17. respec-
tively. Larger iets, i.e., 30 mill would cost 
Rs. 14.08 m2 and Rs. 5.63 til respectively. 
l'his demonstrates some economy of scale for 
netting. 

Variable Costs 

Incaeacoure, iriahle costsconsist mairnlyof 
feed and labour. In Sri Lanka. fingerlings are 
provided free from government hatcheries and, 
therefore, in this analysis (done from the point of 
view of tihe individual operator) no cost is listed 
for them. 

Cost benefit anahivses were conducted for 
various colbinations of cage frarmes I and II,net 
cage type I. to stocking densities, and three feed 
types. Cage frame design III and niet cage type II 
were [lot uise in tileeconolic analvsis hecIiise 
sufficient biological experinents had not been 
carried out for 0 : larger cages. 

,\ breakdowvn f time total costs indicated that 
the capital compoient is very high aiid thai tile 
variable costs are lo\v inthe nonifeeding cases. 
Ihis is because of tilelower expenditure on Ieed 
and labour. Ilie re\ erse is true whben feeding is 
invols ed. Infact. in some ofthe feeding cases, the 
cost of feed and labour contributed tipto 65(; of 
the total cost, I lie cost of labour per cage was 
estimated by assuming a large cage culture 
operation s,hiere a person can be enmiployed oii a 
full-time basis. lie present wage rate paid to a 
semiskilled person was used in the estimates. 
Maintenance was estimated as 10(7 ofthe capital 
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expenditure per harvest period and included 
minor eqtlipment used to clean the nets and other 
minor replacements in the cages. 

Interest 
A high rate of interest (2(E'j)
was taken as the
 

opportunity cost of investment. Bank loans are
 
sppoit ot of invtnt. an k lons e
 
supplied
b t to thek agriculturali h l and fisheriest a sectorst a t u w r r o t 1 ( 
by state hanks at a much lower rate (about 1 
per year): however, the banks pay 20o'iper year
 
oi fixed deposits. So. if people invest their own 
funds in cage culture their implicit opportunity 
cost is not tilebank rate at which they canborrow loley but the rate at which they could 

invest their monev in a fixed deposit. 

Revenue
 

The reverne comilponenlts of tie analyses were 
estimated by using the output and market pric e . 
The output at the end of 10 months was estimated 
by extrapolation inall cases except at a stocking 
rate of (00 fingerlings per cage. This was done to 
bring all tileresults into comparable uniform 
time periods because tie other cages were 
stocked at different times. The extrapolation 
assurned a linear growth (Iring the entire period. 

Revenuc was estirnated using a price of 
Rs. 3.31) kg. This price was used on !ie basis of 
an initial survey condiiuted on freihwater fish 
marketing inloloniiaMu"a aid Udawvalawc. One 
interesting observation is that tile price of 
freshwater fish at these sii-'s is tli. sale for nmost 
of the popular species of fish. Some unpopular 
species are sold at lower prices, but tilecacih of 
these species is less than 5('' of the total catch. 
There wvere significant differences in output 

bet\cen feeding with pellet feeds aid 110 suipple
lentary feeding for a given stocking density. In 
tilenonfeeding case, tileaverage si/c of fish after 
l0months was 94 e: whereas, wvith feeding the 
fish averaged 142 g. at a stocking density of 600 
fingerlings per cage. IHowever, even this growth 
of the fish after I0 nionths was insufficient 
because tilefish wvere well below the si/c preferred 
by coisurners. which is 250 g or more. 

Stocking at 400 fingerlings per cage produced 
lo\er yields thai 600 fingerlings per cage with 
and wvithout feeding. [his niay be the result of 
poor management of the experirncit. [lie aver
age weight of fish after I0months \was 62 g and 
135 g for nonfeeding and feeding. respecti\cly. at 
a stocking rate oif400 fingerlings per cage. Ihis 
again indicates that there is a significant difference 
betseeii feeding and nonfeeding. iloever. lhe 
dlifference in growth with feedings was not 

significantly different between the two stocking 



densities. There is a significant differeiice in the 
nonfleding case. Iotal hish production at 400 
fingerlings per cage ks 22 kg and 49 kg without 
and with feeding, respectively, comparcd with 
51 kg and 77 kg. respectively, at 00 fingerlings 
pCr cage. I his indicaies that by increasing the 
stocking deisit\ from 40)11 to 010 total olltput 
could he increased \\itho(ut itictrring serios 
llorltality. 

lhe rC\cnte obtaiicd from cage operalions 
varied from Its. 72.60 with n Ieding to 
Rs. 254. 10 for fish led pellet Iced. hlie total feed 
costs at the 4(00 and 6110 stocking d(lnsitics x,crc 
Rs. 122.40 and Rs. 530.75. respecti\cly, indi-
cating that these operatiois failed to recverv ei 
their teed costs, 

)iscussion 


"'lieecontomleic analysis doie oti the basis olfthis 
preliminary experimental data ildicatcs that 
cage culture infrcshx, ater bodies in Sri ILanka is 
not a profitable method otffisli cture. Ilowexer. 
the Iesults of tileexpelilllelits carried olt so fr 
should not tietaken as linal aid comclusixe. The 
nmiier of ex.perimetcs \\.as iisliificieili due 
largely to a serious lack of fr fiigcerlings.illid 
Ill addition. some uniloreseen probh.lms \crc 

ellu'Miutered \xith respect to extrcmel\ bad 
w\. .iCr aid poaching at somel_ 0i the sites. 
llo\exer. tie CXpcriiiimCts,xcre usCful ill toum-
lating a rescarllch methodology to exanine cage 
culture, 

A major factor cottributing to the losses 
experienced iti these operatiots xas ftox ouItput 
<f lish. The stocking densities ranged frim 311(1 to 
600 fingerlings per 22.5 till cage. or 13 to 27 
fingerlings till. Ihis density is far bclo\v the 
stocking rates of 25) 1000 fitigerlings fi prac-
ticed in other countries for T nilihia. The 
second reason for- the tnprofitability \as the 

limited to one site ( ldawalawe). where sulTicient 
fingerlings were vvailahle for various experi

ntnls utiliing a total of over 20 cages. These 
trials are now under wal: therefore, some oftlhe 
data provided iii this section offthe paper 
regarding costs of the cage (Iramc. netting, and 
la.hol). si/c 01 cage. conpositiol iand cost., of, 
tced, and stocking density ate known and related 
to those in the new trials. lowever., assumptions 
are made with respect to feed conversion rate. 
nmortality. harvesting Sim of fish, price of fish. 
variable labotur, interest, and expected life of the 
cage. I lie ing a imly.,seso lox focts oilchalnges in 
tihe assuimed \liies for cost ol feed. feed 
cotixersion. and lileof the cage and look atlthe 
effect on the reqtired stocking density aid 
break-even price for lish. 

The Iollo\ imlgparameters are coltiant illboth 
cases discussed below: si/c of cage (27 til): 
har\ested si/e of' fish (25) g):variable cost of 
labour ( Rs. 300): mortality (10'' ): itterest on 
capital (20( 1:)and fingerlings fry (free olfcharge). 

Cae No.I 

In this case. cost of cage is Its. 1275: cost of 
feed is Rs. 2.21 kg (present cost of commercial 
pellet feed iii Sri lanka): feed conversion is 2.5:1, 
life of cage is Omie season ( iiion:Is): stocking 
density is 2011 fiiigerlings Il, (present stocking 
(emsity at tldawalxxe trial): and price of fish kg 
is Its..3.30(presenit \%liholesale or fislhcrnan's price 
at tidaxxalawc). llcrelore, lor each 27 in' cage: 
fixed costs (Its.) wolld be the cost of' the cage 
(1275) plus interest (255) or Its. 1530" \ariable 
costs (Rs.) would be labour (311)) plus feed (7456) 
or Rs. 7756: total costs \ould be Its. 9286. 
rvccnuc would be Rs. 4110 11215 kg" .. 3): the 
loss would amoiuit toI Rs. 5276. 

Fvemi before going through these sitple cal
culltionis. onie could see Ilol the dtl gixeti that 

Ilnfax (iuirable price sittuation for fish. With tile the Icecd costs alone per kilogram of lish excccded 
fced cotmversioniatios experience, ill the cagcsiat 
stocking densities of 400 and 6(0 fitigerlings per 
cage, the Iced costs alone xcre Rs. 6.44 kg aiid 
Rs. 6.88 kg offish produced using pellet eed and 
rice bran. repectixely. B~ecauuse a kilTgram offish 
could be sold for only R s. 3.30,itwas not possible 
to c er eii Iced costs, 

Calculations of Potential ('age Culture 
Profitability 

Given tileresults of the initial trials discussed 
in the first section, it was decided that for the 
remainder of the project, further trials wouuld be 

the price of a kilogram of fish byIRs. 2.23. 
Therefdrc. as long as the marginal fecd cost per 
kilograti of fish exceeds its market value. 
reducing the costs of a cage per growing season or 
increasing the stocking density will have no effect 
imi making tie system profitable gixen these 

pa ra Imicte rs hor fcd costs. feed comxersion, and 

market price of fish. Actually. increasing thie 
stocking density xxould only compound time total 
loss throuigh ;Ihigher prodlction of uiecotomi
ca.ly produced fish. 

The following calcutlations sho\: ( I ) xhiat the 

cost of' feed would h.lae to be reduced to illorder 
to break cxcn at a market price of fish of 
Rs. 3.30 kg: and (2) what the price per kilogram 
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of fish woutld i r c to be increased to in order to 
eo\¢r all costs if the cost of fCed remained 
unchanged. 

"1o cover variabhe fced costs alone, we know 
that a kilogram of'fish mnust eqoal Rs. 5.5, bl. in 
addition, all other variable and fixed costs must 
he covelcd. [rot the abo\ wecsee that ite totll 
costs ol'prodocing 1215 kg offish arels. 928 or 
Rs. 7.64 kg. I licrefor:, lite illaket price would 
nctd to increase b\ 132(''. 'his is extremely 
unlikely for tilapia in Sri I.anki ill tile foreseeable 
totllr. 

[rom our example \%c also kno%\ that total 
revetnue (Itr:ikl. Rs. 4010(1 and all nonfteed costs 
equal Rs. 1830. I hrclore. to break ts\ten only 
Rs. 2180 could be utsed for fIced to produce 
1215 kg of fish. bisrhmans a feed cost of 
Rs. 1.79 kg of fishr produted. If tire ted con-
\ersio ratio (2.5:1) rcniins unchanged, then tire 
price of ot l ha\t to be redtCeId h-01nfeetd 1d 
Rs. 2.21 kg to Rs. 0.72 kg. ii decrease of 07(. It 
is highly unlikely that a teed costing 6711 less 
woutld be able to give tire samc, or a similar. fted 
Con elsior ratio. 

Irot this example. \we can see that it significant 
positi\e difference beteen tile market valtc of a 
kilogranr of fish and the feed costs per kilog-am 
of fish produced. and stocking densities are as 
high as possible s\ithout incurring significant 
disease and or mortality, ate reultrired to provide 
reasotable ecotomic feasibilily to cage cutlture 
proLductioL of tilapia in Sri Lanka. 

('ase No. 2 

"lie follo\\ing example assuties a s5tatiion ill 
which the cost rf feed is Rs. (.71 k*, tie Iced 
coiisersirot ratio is 3.5:1. the tuarke wholesale 
price of fish is Rs. 4 kg. and the life ofl the cage is 
expected to be three seasons (not an tnuisual 

present Udawalawe trials then the profit realiied 
in this example would be Rs. 894 per cage (if the 
break-evcn stocking density is 85 rn'. ihen w\ith 
tIre ie%% stocking densily (f 200, in': 115 fry X 
27 ill' \\ould liame a narginal teed cost of 
Rs. 1902. gic in additional production of699 kg 
of fishi allo, ing for 10('' mortality, and a 
marginal retentc of Rs. 2796. 

Higher stocking densities should be teclhnically 
feasible. at last tip to 5(10irl or more wheti 
suppleentaclry Ifcedinrg is given. However. while 
tit resurlts of this example are certainly mLuCh 
more encouraging than ia Cse No. I. it is still 
only an example that tndel ... tire need for 
further research on lowkcr cost fceds. higher 
stocking densities, and possibly other species that 
reqirire less supplemintrvar\fcdihgand /or havea 
higher market alnc than tilapia and further trials 
in sites with higher natural \\ater productivity. 

Characteristics of Traditional 

eshwater Capture Fisheries 

Table 2 presents information on total produc
tion, niulliber of craft, number of' fishermen, aiad 
income per fishernan on a monthly basis inl 
capture fishery at Parakratna Satiudraya, 
Polonnarirwa. lhe average catch per fishcrrnan 
pr niiiiitliis 520 kg. After dteductilg one-third of 
inconic for the craft and fishing gear the average 
income pwr fisherniran per ruontth is Rs. 1144.00 
at Rs. 3.30 kg of fish. [Ihis iticonle is subjicct to 
large fluctuations due to seasoial variation in 
prodiction. Inct)ntie varies frion Rs. 3811.)1 in 
.June to Rs. 2485.0) in October. 

I sually fishing craft is operated by two 
fislicrinen. 1lie income is divided into three atnd 
one part isallocated for the craft and fishing gear. 
The total allocation of iricome per craft iii 198( 

expetration for plaerment ill fresh attrl. Ill suth\was Rs. 14 142.100. The average cost ol'a craft and 
a situitior. tire cost of tIre cage (per season) is 
Rs. 425: interest (ler s asotn) is Rs. 85: laboutr is 
Rs. 31101:the cost oif fced per kilogramii of fish is 
Rs. 2.45: tie difference becten market price and 
fecd cost per kilogramt of lislt is Rs. 1.55: the 
harvested \\.ight of fish is 251 g: aind tite total 
costs cxcltding feed are Rs. 81f0. 

'I Ierclete. given this diltrence tof Rs. 1.55 
bet\,,s ci tire price offt kilogram of tish and fced 
cost per kilograr. it w\ould rtequire that to 
break t\en it single cag:r produice 523 kg of fish 
(810 + 1.55). Ilis \%ould be equal to 2301 fish 
(523 )251) 2()2 plus f)' or rnurrtalit\ ) per 
cage or a stocking density of 2301 + 27 = ni/m. 
This is an extremelv low stocking density. If we 
aSsulmed atstocking density 'f 20) irt as in the 

a set of fishing getar, sshose lifetime is cstinilited 
to be oie and one-half years, is about 
Rs. 60()t0.00. On a depreciated basis the arnual 
capital cost is Rs. 4000.100. 1lhis leads to a net 
annual rcttirn to capital of(14 142 4000) 4000< 
100 253.55"1. Iln addition, the annual return to 
labour is on average equal to Rs. 13 776. 

The fish caught iii traditional freshwalter 
capture fisheries are sold to cycle" yendors who 
take the fish to the torwns, fairs, and colonies 
(villages) for sale tt consumers. Usually a 
fisherman sells his catch to a particular vendor. 
lie catch is sold to another vendor only if the 
regular vendor is not prescnm. This is partlicularly 
true during periods of' low prorduction. Ill the 
high productit period tire vendor maintainsthis 
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Table 2. Information on capture fisheries at Parakrama Samudraya, llolonnaruw-.' 

Production (kg) Value of Share of income 

No. of No. of Per man/ monthly output to craft aniI gear/ income/ 
craft fishermen rotaI month (at Rs. 3.30/kg)" month/cr,.ft man/month 

Jan 80 148 83312 563 
Fch 79 186 76200 410 
Mar 79 185 99568 538 
Apr 82 190 76200 401 
May 
.une 

85 
85 

195 
188 

72136 
32512 

370 
173 

.July 88 200 122936 615 
Aug 
Sept 
Oct 

93 
103 
105 

215 
2(16 
2(16 

64008 
50800 
232664 

298 
247 
1129 

No% 105 206 186944 907 
I)cc 105 206 122936 597 
TIotal 1220216 6248 
Ascrage 10)1685 523 

'('lllLll. loln, llu1h dala olh;tlu l Ilin ,ldliics hrllnch. 
'R'. 186 " T S1 I)M. 

relationship by httying only from the fisherman 
who sold ishito him during the low production 
period. Fihsh are botught fromt other fishernien 
only if the usual fisherman is not present or his 
catch is inadequate. 
The \endors as a ,grotp are hettr organi/ed 

than the fishermen. [lie nature oftheactisities of 
each group also keeps the vcnldors in a strong 

274930 

251526 
328574 

251460 
238049 

107290 
405689 

211226 
167640 
767791 

616915 

405689 


4026779 

335565 


fiukio\ ol tich ric,. (olIomho. 

1146 1238 
1061 902 
1386 1184 
1022 882 
934 814 
421 380 

1537 1352 
757 655 
543 543 

2437 2485 
1958 1996 
1288 1313 

14490 13744 
1207.50 1148 

htr1112Yar 1980. 

consumer goods. the vendors, in recent files. 
i h;\e agreed with the fis.he ries inspectors on tie 

need for limited increases in the price of fish. An 
additional reason the vendors are unwilling to 
pay a higher price is that they are tp. hle to sell 
fish at ahigher price t consumers. '[hsis mainly 
hecause freshwater fish are not well liked in Sri 
Lanka: the nmijority of the population considers 

position. Becaulse of tlhe highly peri shahl n;ttirec them to he interitr to marinc fish. 
of fish, fisherlnen have to dispose oft heircatch as 
soon its pssible. I lie alternatives availahlk are 
either to sell theti to othetr fishcrmen or to d y 
them. After tho, tiring \work of catching tilefish 
they prlfer to sell them fresh rather than for 
processing and drying. u)tring the rainy season, 
wheni the catch is %cry high. suntldrying is 
diffictlt. and because ofa shortage of firewood. 
smotoking on a largze scale is also not possible. 
Ihiesc factolrs affect the bargaining po\\cr of 
lirhermen. 

"C1inrds. oiithe other hand.are in iposition !I 
tcfse to bu'thc fish iflthe fishc'', .(o not agree 
to the \endor's terns.'l his is bccatise the \cndors 
are riot slcly cipeitldeti ilselling fish for their 
fivelilihood 1:tid hake alternati\C enlloynlit. '[lie 
fishernen do not sccni to have this alternative, 
1 rtler this siltuation, the lish pricc is kept att atlow 
lexcl hv the senidors. 

Sc\cr.tl ;ttemnpts hac heen nadc by Miinistni 
of Fi iherics appointed fisheries inspectors to 
encoiur'agc an increase inthe price during the low 
prodnction period. I hese effort:; have failed 
bcc:ause of the situation explained ahove. 
Howover'e. with inflatio i of thie prices if other 

Conclusions and Recommendations 

The technology of raising fish in cages requires 
further development to adapt it to the biological 
icry sociocconomic in Sri L.anka.and environmient 
Further research should he carried out using 
locall available cheap feed. HIowever, care 
should be taken not to drastically alter the fcd 
conversion ratio. If the conversion ratio is 
seriously affected by using cheap feed. tile unit 
Ied -ist will be reduced bitt the period of 
production may be increased and result in 
increased expenditures on total fccd arid labour 
and on le total cost per kilogram of fish. To 
recover t icr variable costs and fixed costs and 
to gta.itCe a itcompetitive return oi investment. 
cost per unit of fish should he reduced. For this 
purpose, ftirther experime:its should also be 
carried out with increased stocking densities and 
improved feeding ptactices. 

Research should be focused otheroiltrsi,.g 
species of fish. especially to redtce the fced cost 
component. Species like bighead :arp. "Ohich are 
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mainly plankton feeders may he suitable. This 
research should also be carried out in reservoirs 
rich in natural food. Because a major component 
of' the cost (tip to 6';) in cage culture is feed and 
feeding labour, it is worth investigating the 
culturing of fish without feeding. Should this be 
possible, a major breakthrough in fish culture in 
Sri Lanka will be possible. 

Discussion 

Because the cost of the feed was more than the 
value of the fish produced, a very diffcrent feed 
should be used. Reducing variable costs in this 
manner would be preferable to trying to increase 
market prices. It was noted that feeding 
experiments arc continuing, 

Relative prices of freshwater fish are very low. 
especially in the cities. when compared with the 
price of ilarinle species, because consulers prefer 
the latter. I hbis may make it necessary for the 
government to subsidize aquaculture in its early 
stages until consumtler preference cai be 

influenced through test marketing of alternative 
product forms. 

Several participants questioned why cage 
culture was being introduced in Sri ILanka. 
('laims were made that alternatives to cage 
culture could have been pursued (e.g., pen culture 
in brackish water, adapting selected marine 
species to freshwater. upgrading culture in 
community reservoirs). In the ensuing discus
sion, it was pointel olit that cage culture should 
not be discontinued yet because the technical 
experiments are only just beginning. A small 

number of entrepreneurs appear to be interested 
in investing in tiese new culture methods. But. 
when the private sector is reluctant to enter a 
new, possibly high-risk venture, it is appropriate 
for funding agencies to support experimental 
projects until I production and managemrlenit 
techniques are improved. It was generally agreed 
that technicdl prOhlels (1' cage culture in Sri 
Lanka should take priority at this stage, and that 
further econonlic analysis be deferred until new 
technical and biological data become available 
from subsequent tri. Is. 
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A n Economic A nalysis of Composite Fish Culture 

in India 

S.D. Tripathi and M. Ranadhir2 

Plrodtution aspects oI coiposite (p[ol culli r ) s.%,sternls are descrihcd. The nriaority of the farms 
that were studied reared various species of exotic carps and local Indian varieties and produced 
yields as high as 6 7 t ia year. Ilowever, maximi/ing production will not maximi,e profits. Feed is 
identified as the mlajoir conlponeti of cost. and extensive dala otil feed input levels and observed 
outtput levels c replillefd, Wide ariations it yield occur even for similar feeding levels. Optimum 
input le\cls for feed are deterniined using the total cost total re\ernie approach. 

Fish culture itt India has heen traditionally 
confined to the eastern region, which presently 
comprises tlie States off Oissa. West Bengal. 
Bihar, and Assam. and is deeply rooted ill the 
social milieu. Fish not only forms a coniponerit, 
alo g \with rice. of tire staple diet but is itt iten of 
great iliportaice itt all social antd religious 
funetions. Fish eulture is practiced in frcshwvater 
ponds, either alone orr integrated with agriculture 
(rice paddics) ;,ni.] duck culture, and also itn
bratckishr-,ater imp oudments \\itl or \itlhout 

integration with rice. Freshwater fish culture is so 
advtanced that the farmers liae selected suitable 
cultivable species and ktuw their ;:eeding and 
feceding habits. Flarhora;,c techniques to collect 
their seed from natural breeding enironments 
such s IIooded streains arid rivers are known and 
the species can even be artificially induced to 
spawn selectively itt what are kntown ars dry 
burids. lie art ilhatching and rearing voung fisI 
is equally well de\cloped. Natural food. however. 
f'irtiiS tile lri.illstit\ of these culture opirtioIs 

and is maintained increased by occasional 
I'crtili,,atirtt. Although hrackish-\Iter iiqua-
ctlture is still itt its intla:,c\ in India. freshwiater 
aquacultture call be said to hia\e conie of age. 

Traditional Aquaculture Technology 
FishIarriers, inr general, prepiare tile ponrds 

'Central Inland Fisheries Instittirk.Research nss 
Ifarrackpore 743111. West Bengal. Indi,. 

:ircshimatr Aquacullure Researchl aid Irairning 
(erercI.IIAt.. P.OKarrs~agarg. sin Itlhtlharrssar-
2. Orissa. India. 

early ill the monsoon season by an initial 
application of mustard oilcake and, or mahua 
(lhassia h'i/lia) oilcake alter thorough netting. 

Ihequtantitv of cake used varies from place to 
place and fartmer to farmer. Tlre decomposing 
cake possibly kills some predatory atnd weed 
fishes, but the farlIers ail at prodaction of fish 
foid organisrs rather than eradication of 
unwanted fish. 

SomeI farmers stock the spawn itself even inponds as large s (1.5 1.0 ha, but fry and early 

fingerlings are generally used for stocking large 
ponds. lie seed is procured Irotn spawn markets 
or through vendors. The quantity ol'seed stocked 
under traditional aquaculturc ias no scientific 
basis and depends otn the whiis of tile farmer. 
(irieraIllv, stocking is done at an alarminglv Iigh 
rate atiIsurvival is excediigly low. (irowtli is 
very slow and poor itt ponds that arc inherently 
unpiroductive or have low produIctivitV where 
further lertili/er (cake) applications are not made 
or wherc cow dung, pig dung, orduck excreta are 

not applied or received inadvertently. and where
Multiple cropping is trot prcticed. Fish ar' often 
parasiti/ed aid grow only to 200 25(1 g in 
I year, and production does not e,:ceed 

300 4111kg ha. Advanced farniers, however. 
take fiar greiater calre of' their stocks aind Statrt 
repetiti\e thinning from the heginning, which 
results itl better growth of' tile remaining stock 
and maintenance of1 hygienic conditions. These 
la rc s hirvest muihits 1000 kg Iiai. ieve in 

tiore it certain cases. Hlowever, it very large 
Liuiantity of' the seed is generally wasted ill 
Iraditirrtll farriiig. Supplementary feeding is 

unknown in tradiliotal aquacuIlttre itt Iridia. 
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Composite Fish Culture Technology 	 demonstrated in farniers' ponds during 1975 79 
under the CIFRI Il)RC rural aquacultire 

Intensivye research ion optimi/ing per hectare project. Ihe proecc covered 41 villages ill six 
production from fish ponds wvas started at the districts of West Bengal and 32 villages in five 
Freshwater Fish Culture ])ivision of the Central districts of ()rissa anlid fish production of' 
lan:d Fisheries Research Institute ill tIe mid- 2000 01100 kg ha year was demonstrated Under 

60s. Control of trash fish, periodic fertiliation. field conditions. Very high production of the 
and supplementary feed '\ere incorporated as o0rder of 755) kg ha I0 niontliss ith an| average 
basic ingredients of' the technology. Various production of' 6275 kg ha I0 I llonths was 
conbiinations ofI indigenouis mal;+jor carp,. c.:otic de monstrated in nine ponds at Malda Centre 
carps, and both indigenous and exotic carps ".ere (WVest !Bengal). 
tried and aI comnhination of the Illr,' iligenous 
carps ((al/a ca/a. Iah' r/hila,. and ('ir/lill, 
mria/a) with three exotic carps Il/rlu'phtha/- Biological Interactions Between 

ich/. mlditrix. ( i'ln//Jrlgldl 11de//a. Input and Output 
arid ( 7'/u'in.x arli var,..' 'n/arl.) wV1Ai dtnlud 
to gikc [heIhe,,+ results and "'is called composite
fish culture to distinguish it from the tiraditional 
polyclilture o) irldigeloris rmajor carps. The ne"v 
techrolog. ssas further elaborated, perfected. 
and tested ill sarious agrocliiatic reghrns of 
India under an All India Coordinated Research 
Project or ('omposite 'ish ('tulttre. arrd 
production hCeCis is Iigh as I0 301) kg Ira year 
"Cre ohlainred. lssever. protductiori in gerreral, 
ranged Irtom 2500 to (3)) kg Ira and tdepended 
greatly on soil quality and tIre inherelnt fertility (if
tire ponrls. 

Ilr brief. tIre teclirology iri.olkes II) corriplete 

eradicatior of predatory and \ed fishes by 

applicatior oIf a sCgetable lish loxicairt (inalrUa 

oilcake at 2500 kg ha-I ): 12) liming at 

21)0 100 kg ha depending on soil pl: (3) 

sleeking of fingerlings (1)1) I5) r5rrrf) of ('. calla 

(10 151 ). I. ruhita (25 301 r. 'C. mrial 
(15 2O(1/). II. imlihri\ (20 30'1). ('. dhl/a 
(5 l0'i). and C. ca/Iiu(IO 20()sat 4000 7500 Ira: 
(4) forrinightly lertiliatiorr tf pords \%istInrgarric 
iraniurcs (cu% tldung) at 750 15)0 kg ha followed 
alternately \witi application of irrorgaiic 
fertili/ers such as alnrnotunnii srifflrte (450 kg hia) 

Or ure'a (200 1,17,hit) epeding oil il pll
siperphlosphale (2))) kg hIit) and rruriate of, 
polash (4) kg ha): (5) pro5 isior of supple-
irerimta fcd, gnerally a I1:1 Inlixtureiof 
groundnlt ,inisNtird oilcakeand iice hran wheat 
hran at I 517 of the totatl body sseight of tile fish 
aid prrt\isioi of aquatic terrestrial \,.eeds or 
hl icturfi irrill %i,,tes (CIabhage c urlilhosser 
eawce) for gs,, carp it) satititintr: (6) peiodic 
lil ig. picfcrahly rnlrtotlily. to assess tire growthI 
aid health of fish and 17) vraiieina[Ice of poll(, 
hygiene. 

With a Oie\, to increasing fish production11flonlr 
%illagepotds and irrpro ig tie rural economy.. 
the cehnirology of corrimposite lish culture was 
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Although it is known that inherently produe
tise pontds require less input and Yield a higher 
output. tire level of output is always determined 
by tire level of input. Of tile various inputs, tire 
dcnsity, si/e. and time of stocking offingerlings. 
tire qtnrtit\ of fertili/cr used. weedIs provided to 
tire g las, carp aid tie stupplenlirrtary feed giver 
the other fishes deteriline total output to a great 
extent. 

Stocking )ensity, Size, and Time 
Strcking densities above 4000 fingerlings hl 

require higher inputs irr terms of lertili/ers and 
feeds bilt often create biological ha/ards resuthing 
in mortality and poor growth of fish. Hosever. 
higher yields are also a function of' high stocking 
densities provided a balance of both natural and 
supplernentary fied is well maintained. A stocking 
density of 4000 fingerlings per Ira can yieldI a 
production of' 3 1Irla at a low iniput of feed and 
fertilizers and normally involves no risk oir 
hiological Iiairrds. 

lire si/e of the fish and the tirrre they are 
stocked directly aflect plrodction. Although i 

certain experirnierts at tie [)uie Centre 
(Maliarasiltra) of tile All India Coordinated 
Research IProject on Composite Fish ('ulture. a 
produtction of uer 10000 kg la year has been 
obtained when fry ',ere stocked 'at 800 ira. it 
was tire tiune of stockitig, tlie species composition. 
and replenishment of' water that contributed to 
high produtction. When fingerlings are stocked ill 
early .lily. they grow suffliciently farst until tire 
cld 'of October and take fill advantage if high 
temnperatures. large water volinre. randabiruldarnt 
natural food. II stocked at smaller si/es. sti'rvival 

raes are \erx low. especially iii tie case of grass 
carp. Cllilion carp. arid L.. rIlita,aird prodtic
tion is directly affected. 



Use of Fertilizers 

Cow dung and some inorganic fertilizers are 
now easily available even in remote villages and 
farmers who have problems purchasing, trans-
porting, and storing fish feed can rely on the use 
of fertilizers alone to increase fish yields. Experi-
ments have shown that production levels of 
2300 2600 kg ha can be obtained in 8 9 months 
by using COW dung at It00 kg, ha and inorganic 
fertili/ers (urea amnmoniturn sulfate, superphos-
phate, and nmriate of potash) at 500 kg ha.l - his 
low-cost technology best suits flariers in rural 
areas, mdifficult 

Fxperiments slre Craihe i progress oin the 
use of' biogas sirry, and there are indications 
that slurry alone will yield far higher levels of 
production than both organic anld inorganic 
fertilizers. 

Supplenientary reed 

Supplementary feed is the most expensivc 
inputit in composite fish culture and involves 
problems of hoth cartage and storage. While feed 
alone vields a sulTiciently high production of 
4000 5000 kg ha. it is expensive (Rs. 3.40 ol 
input kg of lish produced) (Indian Rs. 8.85 = 
U.S.S I.00). Although large quantities oltfeed ar 
required. this is a suitable tehnolog\ for ahclie\-
rig bigh produ~ction whe.'re running \v.'ater ix 

available or facilitics exist Ior replenishing the 
\ater if) the lish ponds ain(l where the market 
price of fish is rel;,diely high. l'roduction of 
102110 kg ha wvas obtained at Pune when 
20 748 kg h;a ol Iced \as used in addition to 
organic and iinorganic fcrtili/ers. 

Where the aim is intensise clthure for raising 
large-scale Connercial crops of relatively high 
market %'alue. ciiireprenetirs \wojlul be interested 
in providing a higher input of Iced to achicetheir goal ot higher out puts. Ilo\,seser. yields are 

lo high hu pm lsreprllly Ieril,, 
also high sslieu pond(s aIrc periodicailly fertili/ed 
and st plcnienta rv Iced is pro1vided regularly. In 
such coilbinalions, aerage yields of 6170kg ha 
hat\e been oblained in 8 '9 months \ith an 
average input cost ol Rs. 2.50.kg. Iluis 

technology is perharps more appropriate for a 
hrarger group (if fr rners in both near trbiii and 
tirbrn airears where the iarket price of fish is 
usuainlly higher than in trnira reas onfthe country. 

Case Studies 

Traditionail 

I raditiorial practices Ire siiiple and do tot 
involve many operation inputs. I lie laijor cost 
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component in traditional operations is seed, 
which isabout 50(,; of the total cost. Productivity
is low and consequently the farm business income 
is equally very low (Table I). As a result of low 
productivity, the cost of production per kilogram 
of fish is high when compared with other types of 
fish culture operations and is estimated at about 
Indian Rs. 6.60 kg. 

Because proits are low in traditional fish 
culture operations, the impact of new aqua
culture technology is already being felt in the 
rural areas as more and more traditional fish 
Iarins adopt new aqua culture practices. It is 

to expect them to adopt all the scientific 
practices in toto, and, thus, undergo techno
logical change in a short period. Great scope,
however. exists in India for adoption of new 
atluacuilture technology because of the high 
remunerative farm business income demonstrated 

by s and operations andfentific pilot-scale
bysiItbecause of tie seemingly insatiable market 
demand. IHowever, there are constraints to the 
speedy adoption of the new technology by 
firrers. Tlhese constraints relate to procurement 
oF luailitV fish seed, particularly Chinese carps: 
eas\ Ilow of credit from financial institutions: 
Mid extension mechu inisms ill the hinterland of the 
country. Once these constraints are removed, it 
will be possible to enhance inland traditional fish 
culture prouduction by at least flotr to live times. 

The ircreising price (f freshwater carps duriig 
the last 6 8 \ears indicaites the countr\"s supply 
position iii relation to its demand. A positive sign 
of1technological change was observed in the state 
ofl West Bengal \where a number off fish farmners. 
who had been operiting on traditional lines. 
switched to the new technology. li these ca:es. 
the new technology has incr-ased profits by at 
least Rs. 15000 lhi of culttrable water area, 

t ahle I. Annual cosis arn( returns (indianl Rs. I1u.i)of 
a,ralitional lish culture operation ill India (Rs. 8.85 

ifU .) 

Coists 
Pond renual 2(11 
PonId preparation wili nualutna mustard 

oil cake 10001 
Siocking at 75000 101)000 3000lry 
llar~esting charges 6(0 
I otal cot 6600 

Ret urns 
Yield at lI0 kg ia 
Gross incorie air 901)0Rs. 9 kg 

Gross farm husiuess incone 2400
 
Ratio of business incomle to
 

gross icollc 26.6(';
 



which means that the operation is eight times 
more profitable than traditional operations. 

Considering the social aspects of traditional 
fish culture, the count ry cannot afford low 
productivity froni its fishponds because of the 
increasing need to meet the protein requirements 
of its growing population. This is particularly 
trtc %len an allernatc technology is available 
that promises I0000 kg ha year of prolita ble 
production. 

Experimental 

It has been demonstrated in India through 
many experimental fish fIarms thai productivity is 
I0 14 times higher with Ithe new aquaculture 
technology than with traditional operations. The 
major cost component is supplementary feeding, 
which aiounts to as much as Rs. 21 (1(10or 67ri 
of lhetotal cost incurred in produtchiion. Although 
the total operational costs are considerably 
higher in experimental fish fiarms, the profits 
(125"( ) are also outstanding. Fish culture opera-
tions conducted at experimental fish farms have 

clearly shown that additional expenditures of 
Rs. 30 000 ha are worthwhile. Because produc
tivity is high in experimental fish farms, the unit 
cost of production is relatively low and is 
estimated at current price levels at Rs. 4.30 kgas 
against ; prevailing farmgate price of about 
Rs. 9.00 kg (lable 2). 

Pilot-Scale Operations 

In a large number of cases, tileapplication of 
composite fsisI culture technology in farmers' 
ponds has yielded production levels ranging from 
4000 to 6000 kg ha of culurable water area. The 
gap between current experimental levels and tile 
levels obtained under fiel :conditions may be due 
to lower levels of supplementary feeding in the 
pilot farms. The average profitability of about 
Rs. 20 000 ha. obtained by private fish farmers 
in West Bengal in field demonstration trials, is 
very lucrative conpared with other economic 
activities involving land use. The application of 
miahta oilcake is useful for fertilizing the pond in 
addition to its use to eradlicalte predatory and 

Table 2. Inputs. yield, costs, and income ot composite fish culture from an cxpcrimentaI fish farm in India (costs
approximated to nearest Indian rupee). 

Itne 

Capital costs 
ILand: I ha. 20-year payoul 
Construction: 25-year amirtii/ation 
Fish (arming equipment: 5-year armorti/alion 
Ihrileresi ot ainorti/ed capital Itnds at 12C;year 

S uhr tal 

(peratioial intpurts 
Malita ilcake at Rs. 0.80 kg 
Iimc at Rs. 0.60 kg 
(o, thing at R s. 50.0)01000 kg 

I1rca at Rs. 2.01)kg 

lriple stipcrph sphatte at Rs. 1.70 kg 

Fingerlings itRs 1501000t 

(iraundil o ilcake atRs. 1.810 kg 

Rice polish at Rs, 0(.) kg

Weels 

Wages alRs. 8 diay 
%liscellartca us casts 51' itaperatial costs 
hitetes tinopcraiing capiial ai12i tlIt-kyearly 

Sitlhital 
(irlan ll 

loss ichI: 88(7 kg ha
 
(iros, incaome at Rs. ) kg: Rs. 79803
 

loss ilillhlsilt'ss iit llire Rs.hIla: 41664 
('it al plodtction: R . 4.3)) kg 
Raiiio i Irtll s talllt0il l tlisis: 10910 t s tt11C 
Illiil all Ill lorss tt : 52'.h sil s Illt'lltc 1 cllat 


Q,,Intis 
(kg ha) 

2000 

263 

8751) 
137 
117 

1O000 

9213 
7938 
7812 

'CostsRs. ha) 
Initial Annual 

20000 I1000
 
35(000 1400
 
2500 500
 

3500
 

57500 6400
 

1600
 
158 
438 

.- 274 
199 

1500
 
-- 16583 

4763 
-- 256 

2881) 
-- 1288 
- 18(10 

31739 
38139 
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use of'sipplelentary 
fecd by about !'2X)kg and produces a net saving 
of abor. Rs. 3000 ha. The cost of production is 
about &s.5.00 kg thus assuring the I'armer a 
proh margin of about Rs. 4.00 kg of' fish 
produnced (Table 3). 

weed fishes.This reduces tile 

I~ow-(ost Technology 
lie total costs involved in the production 

process can be considerably reduced by complete 
elimination of supplementary fceding. The gross 
yield possible with this type of fish culture 
practice is about 2700 2800 kg ha. lhe ratio of' 
profitability to operating costs is ( ('j. Because 
production is not high. the cost of prodtuctioi is 
about Rs. 5.60 kg but even this letches a profit of 
about Rs. 9300 ha. Ihe majoir operational input 
is iiahua oilcake. which is 7( of total costs. 
Annual capital costs account for 421; of total 
costs (Table 4). low-cost tcch is worth-hology 

whilIc for poor and mua rginal lishIiarilers who are 

not in a position to invest heavily in the new 
aquacutlture technology. 

Farm Business Income 

The case studies were analyzed and farm 
business incoe nd other co11nic indicatorsli 
were calculatcd. Because the data relate to 
diffcirent years, thc costingofannutialICpitialCosts 
and (perationIl costs was done at currcnt price 
levels (1980 I) so that the case studies would be 
comparable. Capital costs, wages, and interest, 
not available in the data published on the case 
studies, have been imputed at current prices to 
make a conplCte arm busiiess aialysis. With 
,tlmorti/ation of capital funds and payout costs of 
land, tile tnnual cost for I ha of pond is Rs. 6400 
atcurrenit price le\els. These anntual cost esti
mates are based oti new fari construction. But 
the rental value of existing water bodies ranges 
from Rs. 2000 to 3000 ha, which appears to be a 

lahle 3:Inputs. yield. cosis. and incom¢ of composite fish Cultioe from it farier's pond at lan.spuktir (West 
Btengal) under ('IFRI It)R(" rural aqtiaculture project during 1976 77 (costs approximated to the nearest 

Indiani rupce). 

tieiii 

Capital costs 
Land: I ha. 20.\car payout 
('ostirutiti: 25-.,ear amuoti/ation 
Fish aiting equipmlent: 5-year aniorti/atim 
Inclesi on aiotti/Led capitallunds at 12( year 

Subtotal 

Opelational inputs 
Malitia oil cake at Rs. 0.8I1kg 
I.inic at Rs. 0.W0 kg 
('is iltiig at Rs. 50).0)0 100 kg 
Aminioititit sul¢ate at I.66 kg 
Single superphlopliai¢ at 0.84 kg 
Itingerlinpg, at Rs. 150 100) 
(ihounl)tot n1ilcalke at Rs. 1.80 kg 

Rice hian at Its. 0.600kg 

Aqua tic aMl IcrrcstriiI \cCd s 

Wage" at Rs. 8 (]a. 

Miscellatncims costs at 5(1 o1operationl costs 

Intciest oi opeating capital at 121i hall-yearl\ 


Sutbiotal 
Granmd h t;ol 

511004 h;a 
(hoss incone at Rs ) kg: Rs. 45036 
(ioss fatl business intctstome hlt: Rs. 19799 
(ost oflpioduction: Its. 5.114 kg 
Ratio of aint husites iltottie to total costs: 781' 
Ratio of antn hUtsines s iteotne it gross income: 44,'j 

(itoss ed kg 

94 

Quantiit\' (oss_ (Rs. ).1) 

(kg ha) Initial Annual 

20000 10)0 
35000 1400 
2500 500 

3500 

57500 6400 

6000 4800 
360 -- 216 

1010 -- 50 

88 146 
41 -- 34 

5000 - 750 
2766 - 4979 
3212 -- 1927 

34485 -- 1281 
-. 2880 

-- 709 
-. 1066 

18837 
25237 
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lable 4: Inputs. ield, costs, and income oI Composite fish culture from a demonstration pond without using 
suppletimiteitry fceding (costs approximated to the neatest Indian rupee). 

Item 

Capital costs
 
ILand: I ha. 20-year payout 

Conslruction: 25-%ear atnort /tl n 

F~ish firtming equipment: 5-\'ear amorti/ation 

Interest on amorlt,ed capital l'unds at 12' year 


Subtotal 


Operational inputs
 
MNahtia oilcakc at Its. 0.X(0
kg 

iniec at Rs. 0.60 kg 

('o%%dung at Is.50.00 1(00 kg 

Ammoniunn sullate at 1.66 kg 

Single supcrphosphate at 1.84 kg 

Nluriate oI potash at Rs. 1.12 kg 

I rca at lbs. 2.00 kg 

Weeds 
Iingerlings at lb,. 151 1001)01 
(Ithor itents like diesel oil. mobil oil 
Wages at lb. 8 da-
Misccllaeou, costs at 5"1 of operating Costs 
Inteicst on opciating capital it12((half-yeau'ly 

S tbot al 
(rand total 

Gloss .ield: 2746 kg ha
 
(loss incomc at 9 kg: Its.
l,,. 24714 
61ors ta1t1business incotel ha: Rs. 9280 
Cost o l poduction: It.5.62 kg 
Ratio ol ham busincss inconc to total costs: 60"; 
Ratio tflaio business incomite to gross income: 38'i 

cheaper way of cotducting fish culture operations 
itt India and is also tile traditional practice. Water 
bodies are taken otllease becatuse of their easy 
availability on a largc scale. In such cases. the 
Iarm business inconic will be increased b about 
Rs. 3000 ha. 

Ilowc\cr, if ine wishes it)enter tie fish-
fIarming business otta large scale, it may be 
tneccs:,iry to hle fart complex onef the t in 
citnpiluntl. Bcause such Iish aurns are rarely 
seen in tie pri\ate .,cctor. it \\ould be necessary to 
cotIstruet ncw faris il rge co mmte rcaI opera-Ifor 
tions. Keeping this in mind, the maximum annual 
fixed capital costs for comntercial fish fiarm 
operatitts are indicated in lables 2 4 as 
ls. 6400 ha. [he gross Iarlt business income for 
experimental fish hartts is Rs. 41 664 ha ycar. 
Fur pillt-scale operations (taking ant average 

Quantity 
(kg ha) 

-2511) 

1500 

300 


7500 
396 
240 

50 

30 


23170 
601)( 

-

Costs (Rs. ha)
 
Initial Annual
 

20000 1000
 
3510( 1400 

500
 
3500
 

57500 6400
 

1200
 
--- 180
 

375 
- 657 

-- 202 
-+ 56 
-- 0( 
- 768 
-' 900 

976 
-- 2880 

269 
511 

91)34 
15434 

These high returns make it attractive to initiate 
new aquaculture ventures or convert traditional 
ponds to suit the new technology. which offers a 
pay-back period tif 2 3 years. Because 
profitabilitv is about lts. 9280 ha for low-cost 
technology, about 0 years would be required to 
recovcr tile initial capital itestnet. lowver. it 
may be wortlvlilc to use existttg ponds that can 

tefatln oil lease rather than construct new 
ponds fr I low-cost technology in rural arleas. 

Problem Areas for Research 

At the microlevel of fish culture operations, it 
is \5cry important to know te combination of 
inputs that will produce optittnlu productio. 
The main problem relating to composite fish 

case study conducted at Ilanspukur under tile culture in India is that itinvolves six .pecces IltI 
CI [RI II)RC rural aqtacutltutre project) t gross number of' possible combitnatmions. Any variation 
farm business incone of Rs. 19 799 ha year has inspecies contbination is likely to alTcct the yield 
been shown to be posible utnder existing prices. eern if all other inputs are kept constant. It is, 
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therefore, essential that the optimum species 
combination he known before undertaking any 
further economic research. Once this optimal 
combination is known, marginal cost and 
marginal revenue concepts can be used to 
maximize farm business income. Maximum farm 
business income need not necessarily accrue 
when output is rnaximied, which means showing 
eagerness for maximum yield isnot always 
consistent with income maximitation. This isone 
area where further economic research can be 
undertaken. 

Building economic models to determine which 
variables significantly affect the yield of the 
production process can be undertaken and 

dumnmy variables can be used to accoutt for 
environmental and soil characteristics. Research 
en the optinli/ation of the production process 
has alreadv been initiated at the Freshwater 
Aquacultre Research and Training Centre. 
I)haili. Although the optimi/atiol process is 

mainly in economic tool, it requires a 

multidisciplinary approach. This multidisci
plinary approach has already been used in some 
of the biocconomic research prograis at tile 
Centre in h)hauli. 

Microlevel economic research is useful at the 
beginning to spread the technology aniong the 
fish farImers. But it isalso v'ery important to know 

economic problems associated with tile new 
aquaculture technology, such as whether tlie 

couttry can absorb the supply created by tile 
enhanced production levels. which will affect fish 
price and farm income. and consequently affect 
further production and the impact of the 

techiiog . lie refore. it isnecessary to study the 
deriand proiections at the micro aind iiacro level. 
Besides certain problenis associated with the 
spread of new technology to the farniiers, there 
exist legal and sociopolitical aspects of land and 
water use for fish culture. Irominent arnong 
them is niultiownership of land, which prevents 
intcrested fish faricrs froni undertaking 
intensive fish culture if an\v oft lie owners objects, 
Suitable legislation is needed to alleviate this 

tile 


problem by providing certain safeguards to the 
interested fish farmers to undertake new fish 
culture technology and by giving compensation 
to noninterested parties. Another major problem 
faced in India is that the fishermen are very poor 
and not in a position to obtain the capital needed 
for fish culture technology. The flow of credit 
through commercial institutions, perhaps 
through a State guarantee toward collateral 
security arnd marketing aspects of the produce, 
niav to sonie extent remove constraints to faster 
development of fish culture inthe country. 

The constraints listed above are based on the 
author-;' field trips in West Bengal. lhere is a 
great need to conduct surveys inthe iural areas to 
determine the general and regional impediments 
to the adoption of the new aquaculture 
technology. Perhaps this is one field where 
further socioeconomic research can be under
taken such as has already been done for certain 
agricultural crops like rice. 

Discussion 

Farmers have been obser\ed to adjust the 
stocking ratio depending upon tilerelative prices 
of the species to be stocked. In the experimental 
projects, 30 40(i surface feeders. 30,i nid-level 
feeders, and 30 40'i bottom feeders were used 
depending upon the pond environment. 

It was suggested by the participants that data 
on other variables, besides feed, be taken into 
consideration so that output variation could be 
explained as a function of several explanatory 

variables. Because the data oi other variables. 
such as stocking rate, fertiliiation, and pond 
preparation, were observed to be within acertain 
range of application, the presentation of the 
relationship between feed and output assurnesall 
other variables are given. 1fit were possible to 
collect more data on these variables from a 
sample of the cooperating farmers. it might be 
possible to explain a larger percentage o'output 
variation. 
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General Discussion 

The major issue raised in the discussion was the interaction between 
biologists and economists. At what stage of technology development should 
economic analysis be undertaken? 

From the biologist's point of view, experiments are performed, production 
data are developed, and the system is op'imized with the objective of maximizing 
output. The biologist provides the coordinates of the maximum production, but 
the economist needs a whole series of points to determine the relationship 
between input and output at different stages of production. This allows the 
economist to determine the optimum position in terms of maximum profits. 

On the one hand, economic analysis of experimental systems that are just
beginning is clearly premature. On the other hand, these are the type of projects 
in which in the past economists (and other social scientists) have been involved at 
too late a stage. It was suggested that the appropriate time to involve economists 
is when the techinology is realy for pilot testing. At the technology generation 
stage, the biologist takes the prinary role. As development progresses, and the 
technology is verified either under experimental conditions or in farmers' fields, 
the economist has the primary responsibility to determine the viability and 
adaptability of the technology. It was also suggested that sociologists and 
policymnakers should actively participate, particularly in the transfer of the 
technology from the research station and field trials to the actual farmers' fields. 

There is no simple answer to the question of timing of the approach. The 
development process can be divided into: () invention (the discovery of new 
techniques); and (2) innovation (where improvements are sought in existing 
systems). In the former, biologists are dealing with new frontiers and it is 
important that funding a)encies take risks vhcln private capital markets choose 
not to do so. At an early stage in the process of"invention," biologists become 
aware of important components of cost (labour or feed, for example), and as 
they seek to reduce these costs they are intuitively responding to the effects of the 
scarcity of the input i riquest ion. At this stage, economics is a guide rather than a 
tool for resolving tile Iina ncial and economic status of the new techniqu iein a 
delinitive fashion. Pilot testing can then proceed and feedback can be used to 
reshape and adapt the production process to particular local conditions. Once 
these neccssary conditions are met, field tests can demonstrate if the sufficient 
conditions can be met. As "innovation" begins, the role of' the economist 
heconies rmiore promnmient. 

The costs of bringing the economist and the biologist together are high, and, 
thus. two airnatives for cost effectiveness may be considered: (I) pro'ide the 
biologist with some of the tools for ecnomic analysis: and (2) hire an economist 
at certain stiges of the technology development process. 

Several participants. howe'er, argued for the involvement of economists at 
arn early stage in the analysis of time-series data from experimental projects or 
private fa rms so that they could develop production functions along tile lines of 
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those most often developed from cross-sectional data. It was pointed out that 
economists must do more than descriptive costs and returns, because this does 
not address tlhe question of how to allocate scarce resources. Rather, attempts 
must be made to explain productivity and profitability. 

It was also suggested that if biologists could provide data on various input 
combinations that are technically efficient (adding points to the isoquant), the 
economist could determine which combination was economically efficient 
depending upon the prevailing input prices. That is, the least-cost combination 
to produce a given output level could be determined. 

It was suggested that a manual for bioeconomic analysis of aquaculture 
production systems be prepared using inputs from both economists and 
biologists. Identification and standardization of quantitatiVL measures/ 
indicators must be covered. If not carefully defined, the different measures can 
be confusing. Even if dollars, for example, are used, measures are not necessarily 
comparable because of differences in the price and income structures in different 
countries. Likewise, when choosing indicators, the scarce input in a particular 
country must be identified. 
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Session III
 

Socioeconomics of A quaculture
 

"Ill1 



V7.. 

Socioeconomics and A quaculture:
 
Informal Presentations
 

'I etrall .. .is presented illhe o s ill t\o plt..'Iihe first collsisted of iloi nal presentations and 
discussions (t scioe,-"lllllnics and iqlctlliire aind. illthlsecontd. Theodole Plltoht giii e a 
paper ln Social si.ellare ecolliii ,Csailtd aqlUacuilurc. hl 

"
this lils,pllt, I heidore llailyotit gas'e all 

introdtiton to the mserall qshihcct of the sociieconlliic of ltilactlt ire. highlighting the distinction
heil, \itlll.ibrle presented lilidillp lil sotllil\ i SocioccolIIOiIics and Social kellaile ccoIIIIniics. 
renlit SocioecotnoiiiiIc escalh il tlie l'hilippiies and Suninil Fernando discuissed tie role ofi 
sociohigv illresCalCli oii stioectltoillics aind aqitlaculttile. 

I hcodo i llanayoton explained that two distitct 
interpretatiots mIay he given Io the concept of 
.sociocoliotucs": one is the "allalgallatioll of 
socitlogt anid ectlllnlics'": the other is "'social 
weollarc ccollonlics." lie suggested that social 
scice rescarch it Asian attuactlturC his hCetl 
tostly oifthe first xaricty and that there have 

been very fC\strictly ecolnonlic studies ot the 
sthiect attd to the best of his kitowlCdgc ioille in 
Social %\elfltreecotltliles. 

Ilte apparet itterttixitg social relations 
atd ccottotnic aclistics in devehlping coutntries 
and the contsqucnct inability tf economics to 
adequately explain obsCr\ablc cecontoitic" 
bclta\iionr had, ill his iew. led to tile 
alitalgatutation ol socioligy atnd ecottomics into 
what has come to be knio%%Itas "socioccotmnics." 
lie also felt that tileahsctcc oif established 
socioccottotnic prittciples "sas partly resptttsiblc 
for the increasingly dsCcripti\c nature of 
soctiieconoltic research. 

NortmaIly. he said. soicincclotinoic stutdies 

itndicator of well-being. lie also explained that 
somellstudies use supplementary or alternative 
indicators of' levels of living such as food 
cXpclditurei, a percentage of lttalcoll+tstnptiotn 
expenditure. ,tilritional status, acquisition oif 
CtltStIIIC durablu.;. Ldttcationtal ICS,anld other 
"qttalhy-ol-life" \ariables. Public services,. social 
atnllitics, and life ialso bemctllnntnitvtay 
cotsidered. 

While narty sicioccttiomic studies stop here. 
viid tlfanalytical contcitt and policy implications. 
lie reported that sontc do attempt to explain 
income le\cls or living standards using both 
ccottotnic and social variables, sutch as factors of 
production. prices, educational levels, religious 
beliefs. sOciaI relahtiots, and access to political 
io\er. As itspecific example, lie said there have 
been some very fruitful sociocconomnic studies of 
tite cunstraints to tileadoption ollnew 
teclnologies by small farncrs in Asia.' 

Panayotout reported that. tnfortln ely. very 
few analytical so ect nomiic studies have been 

begin %sithitdetailed description of tile done inthe carea ofaquacil tutre. Because there,:re 
sociodettiographi' characteristics of tilesample 
for populatioh) under study. Stlch fctors as 
Iattuils si/c, age structlic. religious beliefs, and 
educatiinal atta intent are antot the %ariables 
conasidered. [lie focos is ot otverall household 
incmes rather tha profits from I particular 
ecottoitic activity because of the imptuortance of 
fami'l labotir carnings at the subsistence le\cl 
and tilefiu]ltiplicilv of ccotitnic actimitics in 

hicth a siall-scale fariter is ofte:lengaged. 
HoIlmte cotnstumptiotn of uisll produce atd 
eaiiitngs,, in1kiid are' itipulted als tncus~l 
ictolne- at added to cash earintgs to arlve atl 
tie total htouselhol iicottie. which is tlet d(i\ilCed 
by family si/e to obtain inconic per capita. lit 

ntany descriptive studies that provide useful 
background inlornation ot the socioccononic 
ctditiotns arid Ii,rming practices oflfish farlners, 
lte suggested that future research should locus 
more ott explaining rather than describing 
observed behaviitur and prevailing conditions. 
l:xistiitg sociuccon ic studies could provide 
useful baseline inlormation Four such research. 
especially itt the case of the Philippines where 

c'Seefor example. Iiteritatitnal Rice Research 
Institute. 177. (onstraints to high yields oiAsiati rice 
faitrs: itnterim report. International Rice Researchani 

Inistitute. Philippines. 

10
 



detailed country-wide surveys have been 
undertaken over a number of years. 

Aida l.ibrero then provided a summary ofthe 
recent research studies in the Philippines, 
focusing largely oil the sociology and economics 
ofaquaculture. (The selected bibliography in this 
book includes many oft hese studies. which cover 
a range of aquIacult tire species such as mil kfish. 
prawns and mus.,els.) Ihcsc studics ha, e also 
covered various tcchniqtics of production such as 
pond culture, pen culture, and sea farming. 
Specifically, tle studies have looked at: (1) pro-
ductivity and financial analysis of fish culture 
technology: (2) relationships bectwcn farn sizc 
and productivity: (3) market strticture, conduct, 
and pcrformance lor fish; (4) comparative analysis 
of incomes of IisIi lariners an d other COlpo li lit 

of tile rural seclor of lie ccoinomny: ail (5' levels-
of-living analysis for fish larIiicrs. 

She stated that flurtlicr research is still nccedC 

n thlie efleets f teeIinoIuy till inice an 


income distributit. and that research oil resource 

tiialiagcmlint of the maigroxc ecology should be 

given high priority because of the wide range off 

eco Ronlic pressiures that are being placed oii this 

resotrl c by comlptilg ss. 

I his stininar was ftollowcd by a discussion by 
Stmilial Fernando oi the role of [ie sociologist 
and sociolog i aqi actltural research. Ie asked 
if the obicctic (iof our combined intellectual 
cfforts in chlanin aqlaculttir prCoduction tech-
liology \as to iaximic plodttctioli and inctmc 
or to maximize social \kclliaic? It lihc answer is the 

former. thln the role of the sociologist is \ery 
liRnited. hit if it is fie !atier. the oci luiit's role 
is large and essential. I lie sociologist can definc 

those %ariables and their relati\c iipoliliace or 
\weights ill thc social \.cllfarc fulctiol and l i 
that inforn ',i hipothcsi/c on some of the 

nonbiological aln( financial effects of the intro
duction of new aquacultural technology. 

Hc also cautioned against the indiscriminate 
use of mathema ical models that are used without 
full consideration and understanding of the 
complexity of social or community characteristics 
and relationships. 

It was suggested that a continual two-way 
dialogue be encourage(] between the researcher 
and tile intended user or beneficiary of the 
technology during tile research project. 

Discussion 

Ill the discussion that followed these three 
presentations. the following major points were 
raised: 

* At an1v one time. tlie ecoiomist ciinot solve 
tile ltistion of, how best to maximiie social 
w\2lfre as ia result of technical innovation. bt 
can hypothesi/c an(1 identil (beyon(d the known 
private costs and benefits) tle broad effects of 
change. 

• Perhaps social welfI-are economics reqI uires 
placing relatively greater emphasis til tile soci
ology and econioimics of tile different groups in 
tihe alialysis, i.e., economics and sicioligy on the 

individual farm household, economics on the 
agricultural scctor, and sociology til lite rural 
sectotr. 

* l)epending oil the biological problem. in
limatioli. t production ,ystcni being researched. 
the range of disciplines to be involetd and the 

phasing ,f their inptit into the overall research 
progral, ill differ. Ali exaimple \was given of the 

exploitat l of a malgrolve swapli. There is no 
way to prescribe a strict title ll who will be 
involved, or when they will be inlvilcd in an 
atlUacult're iescaarch irogran. 

a Fturther tliotght lutist be given to how these 
variotis disciplines call be integrated in practice 
into specific aquaculture research programs. 
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Social Welfare Economics and A quaculfture: 

Issues for Policy and Research 

Theodore PanayotouI 

This paper reviews tie basic concepts of welfare econonics and locuses on market failures aIId 
possible remedies. It is aimed at noneconomists and provides examples of market failures from 
aquaculture and suggests areas where polic. changes and research are necessary. Aquaculturc in 
Asia and Southeast Asia is characterized as an inflantindustry that requires a major research effort 
coupled with governmncnl assistance to reali/e its full potential. It is suggested that these efforts. 
howeser, should he confi ned to those areas where the market fails to produtce a socially optimal 
allocation of resources. 

While it isgenerally acknowledged that there is 
a considerable potential for aquaculturc in the 
region, the industry has beetn growing at aIrather 
slow% pace. Ilt Thailand, for example, of' an 
estimatel 1.25 1 nalgrovte10" ha of swamps. 
tiidal flats and estuarinc areas suitalc for fish 
culture only 17 00(0 ha were used in 1977. Catfish 
culture, again iti Thailand. has beetn stagnratiing 
for tiL: past decade despit rising catfish prices. 
The slow groshtli oflliiCUilttitre is all the more 
surprising itt a time when fish supplies fron 
natural soutrces are d\\indling due to overfishiig , 
pollutiotn, and risitgi fel prices while: fish 
demind continties to rise under the pressire if' 
tncreasing populatiot, ticotc growlh. and 
iirhaiai/tiotn. Me~anm hilte, in-gotrnnits atrnd 
tcrnalional dceeloprtetnt and funding agincies 
are inthe proces of Imiplementiigi or designing 
assistance ptograis (suihsidic:, lo\\-inirest credit 
selhellcs. rewcach li tdl cxelnsion etc.) Ito 

anyway and should not be encouraged unless 
therearepotential net henefits fortheSocietya;a 

whole not caplaired by the individual producer. 
Such i disc-,pancy hetwecn social and private 
benefits and costs may arise from a fatilure of the 
market to register the true scarcity value of an 
input or ouitput either hecattse ofthe nature ofthe 
good itself or the imperfection of the market. For 
exam pIe, not all the benefits I'ron itfrastruttiure 
development or research ito artificial spawning 
atid diseasc control catn he captured by the 
indi\idual fish farnier hut lie Would have to pay 
ihefull cost of the research if lie decides to 
undcrtake it. Similarly, a distor:ted market may 
encourag tIe tse of' too mtch capital and too 
little lahotr in a developing country with scarce 
capital and aibndant labour. In such cases. 
goVernnrerit itntervetilion is warratnted to eorrect 
wlhat is known as a market fail thre. 

A second scope for govern ment intervention 
accelra.lt aqtaciluttre dcelopnlent. Yet, few if' relates to incone distribution. If the prevailing
the past assistance progratis flor fish fatnler, cart distribution if'iicone is detined -socially 
cklilan1n1LIi St CcCs. illdeS it a 1C"Ind a.ilLacuIttire is seenti as ia eais 
Two related questions arise inthis connection: 


I) What are the facters constraining tre 

reali/ation of' the full potential of aqUaculture? 

(2) \Whai are ihe appropriate areas for 
governlent 	ilter\cntion? 

I'rcsilnlahl v. if fish farillinigis proliable al all it 
will he taken tip\ithoitl governiel.ntt iriterven-
lioi. If it is not prolinahle. it isll\\ortih pltlsuirg 

ll)cparlnienl olAgriciltural Econoitics. Kaselsar 
ier,,ity. Bangkok 9. lIailand. 

for improving itncoeie distribution the govern
niteit miy provide assistattce to the sector in 
cneral or to srill fish fiarners inparticular. For 

iistaice. coastal aquaciilttrc is seen today as a. 
possible source of'stipA;lcntrtarv or alternative 
employentit opportlnilies for iripoerished 
small-scale fiherncn. A third justification for 
judt(icial tosofd\eeloprneni ssistiaice is pro\ided 
by the infanl itsta teotlli industiiy aid tIe cnsuing
risks aid itnccrtaint y that 'or an tlither market 
failurc to the extent that the% ;are higher for the 
indi, idual than for tre society as a whole. 
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Social welfIare ecolloll '.ic, h,is tile ar: h of 
economics that takes the point of vi.w of the 
society as a whole. It spells out the conditions 
under which social wellare is mnaxinni,,ed and it 
examines hos\ elficiently the market system 
works and how \well it achieses tilesocial welfire 
maxiilto. Btecause nost real \orld market 
eColtilmlls \iolate sonc of these conditions, a 
considerable part of \welfare economics is 
de\ otcd to tile of market fa,ilures and theirstu Js 
effect onl social \\ellhre. 

Ihe ohjectise of this paper is to review some 
basic cencepts of social \welare economics, with 
elphasi, on iai ket failures, and to pride 
somie examples of their relevare, to aqtiaculture 
deselopment. the purpose is neither to proside 
an exhaustive trcatmcnt nor to test t i 

significanice of' market flailures and related 
cons.iaints illaquaculture bt me1rel I to 
stimulate discussion on these issues and 
elncOtiLCe research in this direction. I he 
exposition is kept at a nontechnical lesel because 
it is addressed primarily to Iollecolonlists. 

Optimality and Failures of a 

Free Market 


In market economics intervnition by the 
goerinicnt (and b\ international development 
agencies) is justified onl. if Ifree market lf'ils to 
allocate resotirces ill such a sias It naxiniie 
the \cll-bcing of the socict\ a l I whole (social 
svelfiae). (o\ermlent programs and inter-
national workshops to promote a.quactilture (or 
ans other sector) constitute a nisallocation of 
resources on less tile\.are directed at correcting or 

consumers choose their preferred basket of goods 
subject to their budget constr; ils determined by 
their initial endowvlen of resources and 11the 
resource and commoditi:; prices: and (2) indivi
dual producers freely maximli/e ti cr profits 
subject to tileproduction technology and 
prevailing input and output prices. A collpetitive 
equilibrium exists for al\-distribution of \wealth 
(initial endo\i..t of resotuircs) provided that Ill 
consuniers ha\e something of ualtli and there are 
no indi\isibilities. 

Any change that miakes at least one person 
better-ofl \without rimikhg anyone else \wonc-off 
is allimpro elent of social \elflare. A sittiation 
where it is not possible to make at least one 
person better-off without making somleone else 
vorse-olI is callcd the Pareto optiluml. 'oattain 

;I 	 Pillrt.1o optimuml three ,-Ilditions must hold: 
I Fifficient allocatit - of goods among 

constuners. which requires that the marginal rate 
of substitution betsveen any pair of goods- should 
be the samie ftorall consumers: otherwise we could 
make a consumer bettei-off without making 
ainyone else s orse-ofIf through redistribution of 
good: 

(2) FIflicient allocattion of resources amrnong 
proiducers. viich requires that tilemarginal rate 
of substitution between any pair of resources. 
(inptits) should be the same ftorall producers who 
use both inputs: other\ise we could produce 
more of one cotimmodity \without producing less 
of another through reallocation of resources 
amtilg users: ald 

(3) Optimal composition of output, which 
requires that the marginal late oftransformation 
betmseen any pair of goods4 in prodtCtito should 

mitigating specific market f'ailures. It is, be equal to the marginal ratc of substitution 
therefore, of great interest to determine utider 
svhat conditions a free market succeeds iil 
efficiently allocating resources to iiaximie 
social welfar.e and under wshat cotnditions it fiils 
to do so. This question can be anssvered in tsso 
steps: (I) tinder \viat conditiotns dies a free 
conipetitive market ill equilibrium (general 
coimpetitise equilibrium) attain mainximum 
efficiency (Ilareto opiitim) illthe allocation of, 
the socicty's searce res oLrces? (2) U nder what 

bets\eeni tilesamile pair iil consntiiitoilI or every 
indi\idual svho coisuI es both goods: othetr'rwise 
wve could impiroe social velfare by simply 
changing the composition of otitpit. 

A social welfare maximum is a situation where 
no conceivable change can itiipr we social 
velfaie gi\en t lie society's resources and the state 

of technology. A Pareto optimuni is a social 

The margili rate ofsistiitulion of good X forgood 
conditions is maximulltii efficinicv sutfficient f,:- Y (in consumption) is the nlmber of itlis of Y that 
1ii of welfare (social wellare must be sacrificed per unit ofX gained to maintain aaxinii/a tLion social 
naxinimi il)? "To ans\ver these qLiestions i is constant level of sat isfaction. 

ore precisely t lie concepts ofniecessa r to defi ieill 
general 'conrlpetim~e Ceuiliblhim. Paueto opti-
generalciat tiliti. Pthat 

n.1, aiid social w\etire mxinium., 

A general cotmnpetiti\ equilibrium is a set of 

prices (and ctorrestoiding quantities) for all 
commodities a id resources that clears all 
markets (demand supply) when: (I) individual 

I lie marginal rale of substitution of resource A for 
resource 13(in production) is tile nuher 0if Units of AIlList be released per unit increase iniIt to niaintaiii 
a 	Constant lesel of outputl. 

4qhe marginal rate of iraiistformation otgod X into 
good Y is the number of tuiis bs which the production 
ofX mnlust be deercased to increase tlie output ofY by 
one unit. 
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welfare tuaxiImunl l. it the correspolnding coinpltc',y destroy it. That is.even asecond-best 
distribution of s ealtik is "'socially acceptable." situation is lot attainable. All. hossever, require
While there are an inlinite nitnilher of Pareto some fortm of governIeIt inter.ention. We 
optima. each correspon1ding to aI dilerent discuss oinly those market l'ailtres that are 
distributtionlof ealth. there is a Lunique .'ocial cnrrently affeeting. or are likely to allect ill the, 
\selliare llaximnun Collesporlnding to the most 
sociall\ desihable distribution of wealth. 

A Comlpctiti\e equilibrim is also i Pareto 
optiuml pros ided there are to oarket failures, 
such as c\ It.alit ,-ics.it.li isibilities. hucreasi g 
ret urns to0Scale, public goods. market imperfec-
tionrs. tralsaction costs. ttipriced resources, or i 
lack of \\ell-defined property rights. A 
conipetitise equilibtiurm is also a selftae 
mtlaxintl prmided that tile prevailing distri-
butio i.of \ealth is sociall' acceptable. If tl.e 
abuse condilicris hold. individuail consmtllersalnd 
produr!:rs acting ill their best interest (inkntow-
inglv) act ill tile best interest of the society 
ImaxitumI social ,\elfare). In such am "ideal" ' 
\sorid. all v\uth\,,hile opportunities are utilied 
;ind all \worthwhile exchanges Ia\e taken place: 
therelore, it is not possible to itcrease total 
sltislction by redistribution (if goids and 
\weaIlth. realllocation ot resources. or chltlige ill 
output comptositio.ll IndeL sucI Colditions. 
there is \cry little rooml for go\ernment 
inrtcr\ention except I'r the maintenance of ]la\\ 
and order, 

If the \,orld \\e live ill \\ere perfect. \\e coul!d 
simply rely on market mechanismns al1ne to 
allocate resoitrc,.s betweenl ,tqIClttlliieaInd other 
sectors and \,ithin ;,aqiacultre itsell. I here 
"soilId be no tlltltili/cd opportunities lor 
expansion (if;t,+.luctilture tnld aly ,ttCt on ourl0pt 
pitrt to prlulollle (,di(lollriee i~lttCtlltle wvouldl 
causelmisallocation olfresulrces. With perfectly 
functioning markets and atin acceptable distri-
hution of' \wealth both aquaculture dlevehCpment 
aind aqtaeultuc research \ould be at their 
optimal level, t all times, 

Ill the real \\orld. ill generaml. and in the 
de\eloping \orld. in particutlar market f'iltires 
do exist and are illnman i ses per\asise, Some of 
these failures rettire modification Of* the 
cotditions fOr Pareto optinmality. whereas others 

'I theabsence ol m arket lailures. imility-nlaxhni/ing 
COtlsIhmeS and prolit-nla\imi/iig prildicers set. 
respcctisely. the margintal rate l stobstittitiol and the 
rmarginlal 'rate o l" traishii'tiiin heielen dil t\\i 

g oos equill to tl ir piice rillio. Because 1111dera 
competition all COlstllers alld pIducels lace thesaiem 
price ratis, coidition, it and (3) abhse are salislied. 

ondt~ion,; 12) is (,o saitihicecatise all pruducels set 
fi. niaogiial late ut stlhitiitiitn bet\cen ; I 
inputs eCtial to their price latio. \\hich is identical lorall 
prodtlcers. 
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i,)reseeable lnture, tile dexelopnlent of aLquIa
culture ill tie region. 

Insecurity of tand Tenre, 

Multiple Ownership, and
 
Common Property
 

One of the conditions fur a Cotmpetitive 
equilibrium to be Pareto optimuml is a cornipletel 
specified lom tit lr ,lip (property rights) ol 
coltrol ocr ili resollces ill tile ecollollV. 
Insecurit\ of land tenue, multiple ossitership, 
and coinmon property rcsOurces ire Clear \iola
tions of this coinition and call lor sone torm of 
correcti\c intcrcntion. 

Insecurit\ of land teiiire is said ti exist \\hen 
an indidtthl's omsnership or possession of it 
prrticularu, piecccoftland is uncertain. in dispute. or 
tinder . sIIiort-tCrlll lease. BcCausc iiiveStct 
iniolkes ati tttllatoday and tream of beiieuits 
stretching ovcr a long pelid of' tillC. iisecuritv 
of teintrc makes these benefits uncertain (while 
the outlay is certain) ald. thus. discourages 
inestment. This is certainly true ofa'lltacult ure. 
\hich requires a reltively high capital invest
meirt ill the ori of constrti'ting polnds. d kes. 
and shelters right frinl the slart \while the berefits 
Irn tl11 inestrllcul ae u lfte;,rnle(. mril tnber 

\ears. le feal'r of exprop)riitio by lte state has 
similar effects oil inestllent. 

l here aie se\eraI examples off ilnse. .ity of 
tenur. hindering aqritculttire de\ehlpmenl in 
Sotithc.st Asia. lit Northeast Ilailatd. %-here 
511' of1 the agricultural land has to ownership 
title ( 1977). larmers are reported to be reluctant 
to inest their limited sas ines in either land 
inproseinetllts or pond coiistrtction fr im leIar 
that tihe\ \\ill not be allo\scd to reap tire lull 
benelit of their insestrllnts (see Kloke and 
Potaros 1975a). In tact. imesritent itself increases 
tire sahic of land and attracts tIe attetllion oif the 
other Clillills (of the lald (ill this Case. tile 
gosernment becauISC tIOst 01fthe ttntilled land is 
ill rescr\,'d forest areas or other public lands). 
Atntlhcr exapillple is olered by the ctse okfistised 

niig ptiols in Nllitysia: Ire I-.ear Tellporarv 
Occupationi Licence ('101.), or the lack 1f it. 
altogeterle disCotllrges tlme pon1d illplielnenlts 
and high stocking rateS ireqnlircd !tlror Otller\ise 
prolitable intensise culture (see Bakar and 
Arshad I980). 
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Multiple land ownership, however secure, has; 
detrimental effects on investment analhogous to 
those of insecure tenire. No single joint owner 
has sufficient incenti\e to insest in land improve-
nients \\hen he oir siteknows that all the other co-
osw.ners have a riht Itotie benclits that accrue 
Irol this jl..Joint is ainvestmn itvl\estnlenl 
solution provided that the joint omiters can agree 
otl the type, scale. and fitantcing of tileitivcst-
meri. The larger tile number omiof tiers, the 
smaller is the likelihood that \will atile\, reach 
stab algreetitent. Mtiltiplc osnethip ill,y eeti 

discourage: the use oftjintly ,ned land altectlher. 

irrigation tanks. Although most of these areas 
either have ito alternativye uses or have uses that 
are compatible \\ith aquaculture, very little has 
been done to realie their potential. In Thailand. 
for example, it has beel estimated that there are 
1.25 ,' 1hla ofmra ngrove -wainps, tidal flats, and 
estuarine areas suitable fIr fish and molluse 
culture of which onlyi 7001) ha \were used in 1977 
(see AI)B 1978). Similarly, in Bangladesh it has 
been estimated that there are some 184000111ha of 
"derelict" tanks and ponds with unexploited 
aquaculture potential (see Khan 1981). 

lhe ovetall consequence of insecurity of 
A classic example is pro\ ided b\ sotle 50ft )01f tenure, co ii n (ti operty, or inultiple ownership 

tanks aid flods COs'.ritte oAr 681 M) ha of land il 
Ianglad.esh that retiiain lareely uused oruder-
lsed despite an apparent lpot'tialortfish culture 
(set Khan 198 1). Widcsprcad multiple o\\ nership. 
aggra\ated further b\ inheritane, is suspected to 
be a majon constraint to tileproper utiliiatiotn of 
these pundr{s(.-,cc AO bel 1in77) althtough 
otlhe con,,traints ima also he illoperation. A 
similar situation prcails in Northeastern Ihailaid 
\ ith arlge s,.ater tanks and reset\ohs kto\\Ii as 

Sillage pond,,. 
Colllltoll plopertv. or open-access, is ait 

of land suitable for aquaculture is thlt the market 
mechanism may allocate too little labour and 
teapit:il to aiquacultti[e and too much to capture 
fisheries atd to agri-uture. Possible solutions 
include hind reforni, long-term licencing, estab
lisliment of single ownership. auctioning of 
property rights, and proiimotion ol'coilperatives 
ini the c'ase of nondiisible multiple ownership. 

Externalities 

extreite case of multiple otenrshtip whcrebyCp 
iit 

resource. ('otlnioit prlopcrty not otlv inhibits 

deselopiliclt but also inspiles 'expltiitati\e or 

destructie behaviour, as the bleak situtliolln t 

the capture fisheries \worlds\,id, demonstrates. 

"FervbtodO\ property 

\I\rsciti/ell illa coutltlly is a joi wnier of tile 

is nobod", propert. 
thterefore no sitgle itidisidual or group of 
individualsittiprOds 

fse cottuih intentise to cither 
riect i .r 

e liploroltiianag. the itiimll *vo% csneul L 
Il fact. indisidtuals ha\e eser\ h,.ntie toi 
deplete tiler1.sotIrcc issootll Is possible s tics 

ha\e nto muaraitee that \shatc er tilie lea\ 

utilhar\ cstcdtoday will he a.ahlable to them 
ttlorross ,los\,,s en. t~ttitil ltqert~v leads Ii) 
."o\ rxphoititio- oil[\.N\,ell resource cal beliet, 

exploiled \6itiotit the ned or prior iiln~stitctit 

inrcsource des elopitlct (ee.. capture lisheries). 

Wheli such prior IVesIit is ttccCessaV ail its 

cimtrol is inext icablv linked to tile control user 

tiler ouIce. conllilll prpeltv leads to titide-

utilivatiou of the resource. Ihis is. in fact. not 
dileret_t fronl \fat happe's \sitli at\ r.sourcc 
ossll ed illcolliltio: tuatrall\ occurring usable 

resotlice stocks are us erexploitcd sMhile no . 

take, a tioll to Cidihlltce tle stock. 
StIlfortuniatl\. thle Weil shere tM;uiactlture 

has its grcatet ptclital ait plesent are the 
ctinldls ow\ned tidal flats. niuIr'ose sss\itMips, 
estlarlte areas. and inland s atcrbudies Such as 
ri\rs and canals, lalge inipotuIdinletts. and 

aset popert rn e orce problnis fle a 
special ase t a m egeitl ltirket failure 

isklo\\l ias externialities. A coiiillo resturce 

oerexploited or underdeseloped because each of 

tie many o\ners inposes an externality ott all 

o ther owlers,. I social cost that lie or she does not 
pa.\ and. therelfoic. can afford to ignore. Iil 
general. a! externalitv is an elect ofoiic lirtit'sor 
individuial actions ot ohrilieriiiiis or id(1i\iduals 
who arc [ot parties in tileacti\ it. For example. 

p ipf. 
the Pthe\ll.tit of smoke frotl a ftct mayIv 

reduce tie production of clean clotlies by a 
lauindry: similarly. the eflhetits ol tilesame 
lactorv ito a riser 1iaV retllice the production of 
fish by doiistreaniti fish anlIs. lie preseice of 

slch effects s olates the IParcto optittiality of the 

colitpet iti equilibrititii. whi,:h requires that 

economic units iteract oil\ through their 

(a.gegate effect il prices. 

[rint the poit of \ie\ ofl the rect-ipient. 

externalities may be beteficial (external econo
lilies)or harmful (external diseconomies) lld 

niay' occur either illproutictitn oi in consumlption. 

IHere. we ;irentaillv 'cotcer ted with prodtction 

externalities. t sutall\. \we express a production 
futIctiot aisa relatiotiship hetssetI itiputs used 
and output obtained. Il the case of aiqut-acuture. 
it is a reltionship betweei the amoutint of inputs 
such as fry,.tced, fertiliier. ritedicitie. fuel, labour. 
and pond si/e. onlthe one hand. atid quaiititv of 
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fish pro,.uced, on the other. These are inputs tile 
farmer made 	 a deliberate decision to use in 
specified quantities. However, often we are 
unable to explain a considerable part of the 
variation of' 	 yield anong farners despite the 
inclusion of all conceivable inputs. The explana-
tion may lie in tile presence of significant 
production externalities, which iare said to exist 
when tie output of ,ie farm is a function not 
only of its owkn inputs but also of the inputs aid 
outputs of other fIarnis. Externalities may be 
positive or negative depending on whether they 
raise or reduce the output (or prol'its) of the 
affected farm. 

hiIthe case of aqluaculture, externalities take a 
particularly Iarmful form fordownstrearnl farms: 
their output and profits suffer from water 
pollution aind contamination by upstream farms 
that use tihe water source for waste disposal at no 
charge. As ;, result. water quality is poor aid fish 
dis,::ses spread rapidly among faIrriis using a 
common water source increasing mortalitv or 
raising proJuction cost (use of medicine, need for 
more frequent \water changes, etc.). Although tihe 
existence oft hcproblem is not disputed, research 
is neded to quantil'y its effect ott productivity 
and profitability, nd &,overninitintervention is 
needed to enforcC corrective iieasures. 

Let us consider an example of ho\ the problem 
of externalities might he formulated. Consider 
tile case of* a rice farni using agricultural 
chemicals such as pesticidsc and insecticides. 
operat ing upstreari, fron a fish farm. The rice 
farri produces rice. R. from land. IL.,.and from 
tgricultural chemicals. X. according to t prod ic-

tion techinologx: 

R = g(l.,( X) 

\where ag A.u 	 > 0 and og ax > . 
The agricultural chemicals spill into the water source that is used b\ the do\nstrean fish farm 

to produce fish (l-) according to tile arnount of 
land. Li+. it employs andI the aniotnt of pollution. 
/, in the wrater. which depends on tie amount of 
insecticides and pesticides. X. used by the 
upstream rice farm: 

F = hil.i. /(X)] 

where li 01.1 	 > o. a , l < o. aid , a/DX > 0. 
The rice farm naxiniics its profit by using 

larid and chemicals at such levels as lo equate the 
\-,litle of their marginal prouicts to their respcC-
tire prices. r and \v: 

p ag( lt) " 
r 

Hi 

and 
ag(LRO. X0) 	 _ 

-
aX 

where p is the price of rice. 
Unlike the rice farm, tile fish farm does not 

control all the inputs into its production process. 
It takes the level of pollution in the water as 
parametric (beyond its contiol)and employsland 
at the level that equates the vaiue of its marginal 
product to its rental price. 

,q h[ L'' 7(X)J _ 
q r 

where q is the 	price o fish. 
Such a situation cannot be socially optimal. 

Obviously the production of ri.c (more speci
fically the use of chemicals in the production of 
rice) has adverse effects on the production of fish, 
but this is not taken into account by the rice 
farmers. From the society's point of view, "too 
much rice" and "too little fish" are being 
produced. 

File socially op ;nimm mix of rice and fish 
would be tile one produced in the absence of 
externalities. One way to internalize tile external
:ties is by merging tie rice farm and tile fish tarm 
into a single economic unit that would attempt to 
maximi/e the combined profits. II: 
max II =p.g. (.1R. X) + gl[lI. .Z(X)] r(l.u. l. 

The joint rice fish farm will maximi/e overall 
profit by using land chemicals according to the 
following decision rules: 

ag(LIu*. X*) 

al- r 

q Z(X*)] r 
q Li-rI1.d a nd 

g X*) 
aX 

ax 
+ q [1 ., 	 (X*] a,(X*)w 

al ax 

The fir:ri term on the left-hand side (LI-IS)of the 
last equation is the \lu ticof the marginal product 
of pesticides.' insecticides in rice production. The 
second term. \ hich is negatie because ah/6az < 
0. represents (lie valuteiof fish lost as a result of the 

uc of pcsticides insecticides in rice fairmiig.
T: .is. this eluation states that the socially 
optimal level of pesticide use is lower than tile 
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lesel ildicatCd hs its Iiarginal proTluctis itv in rice 
productiot. MIch guides profit mnaxini/ation 
wlicn the tw lattnir operate indisdually. Not 
oi I X* < ' hut also L.i* < 1.I1 an I. * 'II 
hecause maith less pesticides itnscticidcs tlie 
prtoductisit\ of land %killbe lo\sCr it rice produc-
tion anti higIhCr inl li-J prtoductiOl. A,a retsult less, 
rice and] tnorc sith1\\ill be produ,cd %[hen the 
cxtrilities ire taken into account than s\hcn 
thes are jenored. '[he resr,, occurs, when an 
extet.rnal ecottOl.\ Cxists. [orrCxaiiiple. tie use of 
Icltil:/cr h\ m upstream ric lari ma. int!uCC 
grosth of natural Iced ill dos iistrcamll fish faitis: 
ignioring this extcrnalit\ results in the production 
of too little rice ntid too m1uch fish. [fence. in the 
presence of cxternalitic, profit-nmaxili.,ing 
hcha\ our Ina compt'titisC Inarkt't toes not lead 
to the sociall. optilf allocation of resources. 

Ilhere are sc\eral \avs to remedy the failure of 
the market nlechanislis to deal ssith externalities. 
First. oflfending inputs (or onuputs) may hc taxed 
to hring their prisutie price. \ in Our example. tip 
to the leel of the social price. \\ + 
q.fhI h1. /(X) I rDX. lin the case of external 
ecollolics a subsid\ could be introduced to 
lo er the price of input (ofr output) with the 

beneficial cxtertnalitv. The prohi l \\ith this 
method of correcting externalities is that otften it 
is diffictult to detcrninii the optimutil lax unless 
the precise technological interactions hctssen 
the originator :mtid the recipient of th1eexternality 
-ire knoi. 

A secotnd soiltion is to set tIp d narket 'or 

pollution. the unpriccd output of the rice iarni. 
Tlhe equilihrium price of pollutito \\ill he 
obviousls the llaxiiutinl 11110nltt tht the fish 

farii \\ill he \\illing to pay the rice farim upstream 
for it marginal decrease in pollution, that is, 
q.0lif I.,, /(X)I l. \which is the amount by 
which its profits %sill increase its a result of tile 
marginal reductiin in pollutiot. Thus, the 
equilihriuni price of pollution is equal to the 
optimal tax. but the distributional implications 
are dilferent. As long its the externality is private 
(onl\ one rice fiarii and one fish "armi) the 
recipient has an incenti\c to bribe the originator 
to decrease the production of external 
disecononics and increase tile production of 
external economlics. When, hlo\N'cr, tile cxter-

nafitx\ sa publicgood(man ricefarmstand maty 
fish larnish no indisidual fish farmer has suf'-
ficient iticiike to bribe thousands of' rice 
farniers to reduce pollution, %shile concerted 
action by all fish tiarmers mill not \sork because 
each has the option to bea "f'ree rider." As \e will 
see inl the next section, in this case public goods 
markets do not work. 

A third solution calls for rearrangemnt of 
propcrty rights, that is. the merging of the 
originiator and the recipient of the externality 
into a single ow% of anership. Again, in the case 
prikate externality, there is incentit s for such 
action: because the profits from a comhined 
toperation (11*) arc larger than the comhined 
profits of separatc opcrations (0ll" + Ili ) it 
il\\a\s pas the one Iarml to bt\ lOt the other. 
Ilowsci,:'. s hen the cxtcrnality is public there is 
not sulTicient priatc incentive fIr such rear
rangcrnent of property rights. 

In n.r.analogous manner one catn deal with the 
problem of t\so fish fars, each of'\ lich imposes 
xtrnalIii diseconomics on the other by releasing 

contirinatcd \watcr into their common water 
source. n nmximiic social benefit the conmtinvd 
profit of the tsso 'armis (rather than the prc t oft 
each) should be maximi/ed: 

max II - .1FI + qLF: CI( 1:F1. F2) C (FI. F2) 

\where II is profit, L is the price offish. F, and F2t 

are thle quantities of fish produccd by farnis land 
2. and C'(.) and C2(.) iare their rcspectise cost 
functions. Combined profits are maximiied by 
setting: 

act aC2 
- - q

aF, DF 

alild 

aC2 aCt 
aF aF-2 q 

The first term on the LHS o' these two cqnations 
represents the cost of producing tfle last kilogram 
of fish in each larm, whereas the second term 
represents the cost imposed on the other larry, 
through water contamination resulting from tie 
production of this additional kilogram of fish. 
Again. the market mechanism may work out a 
solutiont as long as the externality isprivate, orat 
least concentrated, and important enough for the 
"internali/ation" benefits to be apparent to all 
parties insolsed. When the external eftects are 
too widely spread the correction of the extcr
nality is public good, in which case, as wc will 
see below, the market mechanism does not 
effectively function and goverunient intervention 
is necessary. It must be stressetd, l,o\\cvcr. that not 
all externalities are worth correcting and there 
are Ic\s that arc worth eliminating entirely: the 
guiding principle should be that the gains in 
social welfare from correcting an externality 
should outweigh the costs of the intervention. 
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Public Goods 

When several originators and recipients art 
inolved. e\ternalitics. such a.ssater and air 
pollution, may be considered as public "bads" 
and their correction as a public good. In fact, a 
public good ray bethought ofas ao extreme ease 
of a good that has oly externalities, that is. no 
part of it is prialte to aly di idual. Each 
in(lividual's consumption of such agood depends 
on the total qualtity of tilegood supplied in the 

each consumer should be taxed to cover tlie cost 
of producing tilepublic good. Thus although all 
consumers COInSLe tilesane amllOunt ol tie 
public good tie\ pa\ different "prices.-' \hereas 
in the case of tileprivate goods, COnlSlmners pay 
tile
saIc price but consume differcnt qLuanltities 
of tilegood. 

Because individual consumers cannot adjust 
tileamnt of tile consume, apublic good tile\' 
market for it cannot exist. For tie government to 
pro idea public good it is necessar\ to know each 

ecoionly. Unlike the case \\ill prisate goods tile irdi\ iduals marginal rates of substitution betveen 
consumption of a public good b\ an individual 
does not diminish its a \ailahility to other 
indis duals. Although :'.le o1pubicproduction 
goods in\ol\es an opport't0lil cost ini termls of 
foregone quantities of private or other public 
goods. a icro opportunitV cost isassociated with 
its consulption, 

A public good is characteri/ed byjointness in 
supply, in that to produce tilegood for one 
coInstumer it is nlecessary to produce it for a11 
cotnsunrers. Inman'y cases, no ildi\iduals can be 
excluded fron the enjoymnct of a public good 
(e.g.. national defence) \hethelr they pay fOr it or 
not. Ilossever. evenifexclsion ispossible(e.g...l 
bridge across a riser). !odo so siola.es Pareto 
optimality. \which requires that IOopportunitV of 
making one person better-off \ithout making 
ans'onie else worse-otf i!,left unutiied. Because 
nobody can or should be excluded from the 
benefits of a public good. consumers svould not 
frccly pa\ for it and. hence, no firm \ould be able 
to cover its production cost through the market: 
hence, tilemarket ,nechanismn sould fail to 
supply a public good. although it wouht con-
tribute to socia swelfare. ibus. competitisc 
equilibriumrn \vill lead to underproduction of 
public goods arnd os erproduction of' private 
goods. 

hlie corditions for Pareto optirmality are riot 
valid in the case of public goods. Recall that for 
private goods tie condition for optimality \ivas 
that the marginal rate of' substitution of' each 
consumer between two goods. X and Y. should 
be equal to that for any other consumer arid to 
tie marginal rate of transfornration betwcen tie 
tso goods (MRS,')= MRSx . MRI1x . 
When one of the two goods is public, optiiality 
requires that the sum of the marginal rates of 
sUbstitution of all consumers be equal to tile requires a firm that is too lirge relative to tile 
marginal rate of traiisfior iiation (MRSs,, + 
M RS'\) + ....MRI\,). In this case. MRS',\N 
indicates hios much oif the private good X 
colsuimer I is .illing to sacrifice to pay for oae 
niore unit Of tire public good Y. As suchi. the 
M RSx, may be used as a measure of how much 

tilepublic and private goods. %%hich would 
determine the optimal le\el of the public good 
and (perhaps) each indis dual's share olthe cost. 
Il]o\e\se. because 111,1aV revealcusomers not 
their true preferences for fear that they may be 
taxed on tilebasis of their s\illilgness to pay. 
public goods are usually produced by public 
agencies on the basis of collecti\c decisions and 
financed from general taxation. 

In aqtiaculture thcreare at least two important 
cases of public goods: (I)tilecorrection of 
externalities such as \\idespread \water pollution 
aid tilecoltroi of fish diseases. \0hich cannot be 
internali/ed: and (2) research into tie", fish
culture technologies, including new\ breeding 
tchcllllues, ne\ feed formulas. and ne\v methods 
of disease control and treatment. llc: tMvo 
aspects of aquaculture development involve the 
Production of public goods because a fish 
farrner's use of a pesticide-free water source, of a 
disease-free erriroriment, or of a rnewvmore 
efficieit input combination does not reduce their 
availability to other fish farners. Without gov
errinient irtereition,i tileproductioi of these 
public goods msill be below their socially optimal 
lc\el, ittile\-are produced at all. 

Decreasing and Increasing

Cost Industries
 

A decreasing cost industry is otie whose 
average cost falls as outptrt rises. l)ecreasing 
costs occur where there arc increasing returns to 
scale arising from ind ivisibilit es, )ecreasing 
costs may lead to monopoly if the scale econo
riiies are so significant that low-cost produtction 

market (natural nionopoly). Competition ina 
decreasing cost industry (foes not lead to Pareto 
optiniality. because itis always possible to 
increase the production of' the industry., without 
reducing the production of other industries, by 
simply reducing the number of the firnis iii the 
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industry until one produces all the industry 
output at the lowest cost. Examples of decreasing 
cost industries are public utilities such as tele-
phone, electricity, and water supply. In aqua-
culture, this variety of markct failure may occur 
in relation to water supply and fry production 
and distribution. bill it is rather rare. 

Ihe reverse, that is increasing cost, is more 
common in aquaculture. An increasing cost 
industry is one in which the average cost of 
production rises its the output of the industry 
rises. This increase in a\erage production cost is 
due to the higher input prices that must be paid to 
attract additional quantities of inputs to the 
industry. 'Ihis occurs when the supply of inputs 
used by the industry is not perfectly elastic 
(upward sloping). whl:ich means that the industry 
can expand onl\ by paying higher input prices 
and. hence. b\ charging it higher price for its 
output (increasing industry supply price). )e-
creasing cost. however, does not lead to a market 
failure. In terms of allocati\e efficiency. the 

Parcto optitnalitv of the competitive system 
remains intact. I lieic aire. Iioweser. distributional 
implications (incoic transfers from consurners 
to factory o cers) that may bring the competitise 
eq uilibriui t closer to or further from the \welfarc 
ni,utiiur. Anotlher reason shy decreasing cost 
irid',stries are mentitoned here is to emphasi/e the 
need lor taking into account the effect oh(a rapid) 
aquicutlturc expansioti ott input costs and, hence. 
aserage production costs, \\lich is often ignored 
in aqtitctIltutre theseloprelIt planis \ith conIse-
quent oserstatenlent of aqIIcultuIre potetiil, 

']o some extent, aiquacuulttire, tt its present 
level of'de\clopment, exhibits tle characteristics 
of an increasing cost industry. 'Ihisariscs from its 
o\erlepen(iene on seed and teeth from nattural 
sources. For instance, further expansion of 
nilkfish in the P-hilippincs is almost certain to 
resnlt in higher costs for fry. which are only 
available from natural sources (see Chong el Ill., 
in press). Similarly. the rapid expansion of 
catfish culture in Thailand during the late 1960s 
,tnitl earl' 1970s was partly responsible for the 
increasing price of trash fish (see Kloke aid 
Potaros '975b: Panayotou et al. 198 1). Land, to 
the extcit that mt fias alternatise uses. may be 
another source of increasing cost, especially if 
extensive aquaculture expansion is undertaken. 

A different sotirce of -iticrcasn.ig cost" aris':s 
from the increasing occuirrence an(l spread of fish 
diseases as the culture ofa pail ticular species in a 
given location expands. A classic example is the 
spread of catfish diseases in Stphian Buri 
Pro\ince of 'Ihailand Iolhiswing the remarkable 
expansion ofcatfish culture in the area during the 

late 1960s and early 1970s (see Wattanutchariva 
and Panayotou. this volume). This last case is a 
market failure (externality) because it arises from 
the fact that individual new producers take into 
account only their production cost and ignore the 
fact that their entry into the industry raises the 
costs of existing produccrs by increasing the 
likelihood (and spread) of disease. 

The -increasing cost" featllre ofaquaculture in 
its present stage of development, has the fol
lowing implication for aquaculturc research: 
unless tcchtnical breakthroughs in artificial 
spawning, feed formnulas. and disease control 
occur to shift to the right the supply curve of 
inputs critical to aquaiculture, the current pro
duction costs and profitability of aquactlture 
cannot be used is indicators of its potential for 
expansion without adjustment for the effect of 
new entrants on the industry costs. 

Depending oin the stage of development and 
type of aquatcult ire. increasing, constant, or 
decreasing cost may prevail. For instance, during 
the late 1960s catfish culture in Suphan Buri 
(Thailand) passed through a stage of decreasing 
production cost as the ,xpansion of the number 
of farms enabled catfish producers to enjoy low
cost frs' and fed as a result of economies of scale 
in th.ir procurement and transportation. 

Market Imperfection 

The Pareto optin'ality of the competitive 
equilibrium rests on the assumption that all 
markets are perfectly competitive: a large num
ber of firms sell a homogeneouns product to a 
large nunmber of buv'rs at the prevailing price 
without "discri'inatik n." In reality, we observe 
economies ridden with monopolistic elements. A 
market is impel fectly competitive ifthe actions of 
one or a few sellers or buyers hase a perceptible 
influence oin price. Market imperfections may 
arise for a v'ariety (if reasons. We ha\e already 
disctssetd indivisibilitics as a cause of' natural 
monopoly. Other causes may be institutional, 
legal. or political barriers to entry into certain 
professions or industrics: high information costs 
may also limit competition or access to markets: 
:lnil the (limited) extent of the market a 
comnion problem in developing countries may 
rcsutlt iti oligopolies oligopsonies because only It 
fe\s firnis may supply the entire market. A LiStial 
monopolistic practice is to withold supplies to 
raise prices. I hie rionopohst's price is too high 
and his output too los for Pareto optimality. 
Market imperfections. in general, violate the 
Pareto optiiality criterion that the producer's 
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margina I rates of' transformation should be equal 
to the consuner's marginal rates of substitution 
(this requires marginal cost pricing. whereas the 
monopolist uses average cost pricing). 

In the early stages of aquaculttre develop-
ment, tile extent of the market for arious inputs, 
especially hatchery-produced Iry and artificial 
leet, is likely to be quite limited. This coupled
wkith the high technological input and substantial 
returns to scale may lead to some degree of 
monopoly in the, prokision of inptts to fish 
farmers. This is true, for example. of the animal 
feed industry inl Ihailand. and the same pattern 
appears t.., be enlerging in the case of artificial fish 
feeds. Another possibility is monopsony in 
output marketing arising from the lack of a well
established narketing system for freshwate fish 
(e.g., lhailand) coupled %ith the dispersion of 
fish fiarms and tile generally low reservation price 
of fish farmers (keeping the fish in tile pond
beyond tie t ine it reaches hare\sting si/c iscostly 
in terms of feed. risk of disease, and delay of tie 
next crop . Ihiv\ere ile most common and 
elfccti\e safeguard of nionopsony powcr in the case of aquaculture is,redit-secured preemptive
marketing .rringcni,:rns. [lie fish farmer is 
partictilarly vulnerable to such arrangemenits 
bcc:iuse of the re. ;,ly high le\el of operating 
capital (especia lly ur feed) required . As suoh,
capital can raielv be obtained through institu-
tioal credit (conmercial banks, financial trusts, 
coOperiitses) and lish tarriiers hae little choice 
bitlt to obtain feed rnd other inputs on credit from 
middlemen by surrendering their option tocoose tie mlarker . lt let for t heir ha rvest. This 

leads us to a discussion of capital market 
iriperfections. \which aire not only severe by
themselves (especially in dexelopinig countries) 
but are at tile root of many other input and 
Output market iillperfectioris. 

Ideally, econonic activities arnd business yen-
tures ihat promise to yield a net return higher
thin tlie going interest rate should be able to 
obtain funds for investnent because they expect 
to earn enotigh to pay the cost of borrowed 
capitil arnd still earn i profit In reality. this does 
rnot always happen. lIricss the arners already 
have stifficicnt properly or capita)l .sscts to use as 
c(llateral, aid unless til\ understand and itre 
able to meet rigid repaiyicnt reqtiremnents. they 
cannot obtain institutional credit at the going 
rite of interest. Most Iarneirs in developing 
countries. being cither sutbsisienc,, tr smnall-scale 
connerci;tl lrnmers. hake access onl\ to non-
ins, it i ional credit that colrics \\1t high interest 
;tes. usually i multiple off the instulitional rate. 

and. riiore often thi not. hidden debilitating 

marketing arrangements. This means that even if 
fish culture is profitable at tile institutional rate 
of interest (say 15'; ) it may be tinprofitable at tile 
nuch higher (usually above 100(Ci) cost of 

infornmal credit, often tile only source of funds for 
the small farmer. Thus. unless the government 
makes collateral-free credit available to small 
farmers at the institutional rate of interest, nluch 
of the aquaculture potential cannot be realied. 
Although capital market imperfections aiflect all 
farming acti\it es. they are particularly detri
mental in the case of fish culture because of tile 
relatixelv high initial capital requirements for 
pond construction and tile substantial trnouints 
of operating capital that are required. 

Risk and Uncertainty6 

The real world isnot only beset by imperfections; 
it 's beset by uncertainties. A situation is said to 
involve uncertainty if'more than one outcome is 
(or is perceived tte be) possible I'ro any given 

ction. Two types of Uncertainty may be dis
tirguished: (I)'environmental uncertainty arisingfrom factors beyond tile decision-maker's 
(farmer's) control, e.g.. weather. epidemic disease, 
technological discmries, etc.: and (2) market 
uncertainty arising fron a imarket failurc to 
provide information (prices) req uired for dc
cisions affecting the ftture (absence of future 
markets). The longer tie time horizon (culture 
period in tile case of aquacultre). tile further 
into the future forecasts need to be made aind the 
greitcr tle urcertainties involved.getrtl met.ite novd

A distinction is sometimes made betweenuncertainty and risk. Asituationissaidtoinvolve 
uncertainty iis A siuation iosaid to involvetinccrtaiirtv if' ro objective probability to eaich of'the many possible outcorles can he attached. In 
contrast. risk isasituation \%here thegeneral level 
of probability of each outcome can be inferred 
although knowvn probabilities cannot be precisely 
assigned. In everyday use. itsituation issaid to be 
riskv if one olthe outconmes involves losses to the 
decision-maker. Thus. the risk of loss to i firm or 
farrii may be defined as tie probability that 
profits will be less than /ero, or the probability 
thit returns will fall helow sonmc "disaster level" 
of income. 

Risks illtiy b. rcdtiCed throtgh diberieidu:ltion 
ofactsit ies scith nelt corelated cute ries, 
("putting all one's eggs in one basket" is ra .;\ a 
good policy). Risks in one activity may also be 
. 

ii art econoii\ with cotiplete niarkers. the coiripeti
ii\ CeCquilriIu tinl i, characreri/ed h\vanetlicieniallocalion 
t risk-beiring leaing tio) rioni for goserinten 
iinereotion. 
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reduced by pooling them \ith risks from other 
independent acti\itics. \Vhcre risks arC ofa givCn 
typC (e.g., independent of the actions of the 
decision-maker), risk-p'oling or insurance mar-
kcts ha\C not failed to arise to exploit these 
possibilities. Indi\iduals transfer their risks to an 
insrtance company h\1 pai.i an insutrnce 
premitim. hich in a perlect insurance market 
\\ould equa the adrministratike costs of the 
compan1y' plu', the cost of alil\ risk,rcmailning 

Ilos\er not all risks are insuraleh. IntisiranCc 
markets liil to appacr sIent the outCoIme, is nt1 
external to the polic htoldcr, the risks affect all 
polic hllders illa similti \it.or thc prohabil-
itiCsOf tlliOtlS iC toiflicult tothe , outlcome1s 
assess. I[or example, i 11.rtm1cannot inshIae itself 
against tihe risk ol losses hecatsc piolitabilitv is 
Ismuch a uiction ol the larilier's actions as it is 
of enviroilltlital iunl.crtaiili\ setiher). 
Sililarly, alitish fm Insure itself againstcallnillot 

the risk of an epidemic heca e Such risk x\otlld 
afllect all IfarmIs ilia similar \it.\hich reduces 
the hneclits motrr risk-pooling, 

Risks mav b.objetis or :uhjectise. ()hjectis 
risksare.calculatcd oiltie basisol the,rohabilii\ 
of occlrence."ol the idcrsc outcollec. Suibjcctis 
risks are based ,m gisen iidisidual's assssnmeiiot 
of the probability or colitscqLilice of the adsl S 
oltcoeic. AttitudCs tosard risk difer aoiong 
indisiduals based oilsociocilltirlil anld ecoinomnic 
fictors. In eieral. risk a\eision tends to be 
stroilger amllonLg lo\scr sociomecimolic groups 
because lstirsi\alis at stake. 

Risk and risk a rsiott mliay afcct atquaculture 
decloplnllt in nlaity ssa\'s. Subsistence rice 
farmCrs Ire unlikely to ss\itch Irll rice to fish 
farling (\eit if ihereturns frol th- latter are 
higher) if the.\ more risk is inol\cd.percciw that 
This is quite likely because rice is a subsistence 
crop and fish is not. Fish llust he sold illthe 

mllarkct for cash and this cash, lsed for the 

purchase of rice and other nccessities. Moreover, 

unlike rice. fish is perishable and cantnot be stored 

except at \cr\ high cost. [he cash crop and 
perishability featuirs otf'fish make the filler 

Llnerable to the vagarics of the I,'rkct. [here 
risks: srall farm'lllers with the distribution of' wealth. Asire alslo technological ilre satisfaction 

unlikely to shift from a traditional crop (Ior 
technology) that the\ live comeic to kno\ and 
trust ose the \calrs to a te w one that proilises 
higher yields but may also eitail greatetr risks of 

crop failure, ,'specially titil they learn the new 
technology co'tlplctcly." 

,
lie i\ hypthc,ses. thitmtrisk ascrsim bi~ 

production in lawmir ot siubsisteice crops and that 
po\ ert inhibits M11idi1 of [teL\%teohnologies, allitugh 
plausible, require empirical testing. 

At its present stage of de\elopment, aqua
culture remains a high-return, high-risk activity. 
This high noninsurable risk discourages both 
lanrmers and credit sources despite the high 
return: the sube.cti\e risk, for thesmall farmer, is 
e\en higher than the obijectisc risk because risk
taking at a subsisten- le \el of income ill.v cost 
the farmer and family their survikal. IThisrisk 
lools particularl\ greatil hen the large atillnllts 
of operating capital aire considered it con
junlctiol ssith the high prohabilit\ of disctase in 
tel onte or twio ponds that the small firieller Call 
alford. [or those Small laricrs already engaged 
inl fish farming, risks may act as a constraint to 
the iltensification of cLulture )Irtileadoption of' 
Ile\ueIe.IlOlOgiCs. 

I here tie I number of wavs to reduce 
inefficiency brought about by risk aersioi. One 
\e.I.. is to reduce technological risks throughway 
research and extension. Another way is through ia 
crop instlrilice proglall. Io\escr, tilecosts of 
finilcing and administering such programs ire 

often too high relatise to the risk-diffusion 
hencflits unless distributional considehratioIns are 
also brought into the calculus. A third policy 
option ftr dealing \\ith risk aiersiom is lo 

subsidi/e credit Ior small farmelcrs \\ho canunot 
obtainiloalinIinl institutional sources. Again 
the costs are I'igh but, ntilike crop insurance, 
subsidi/cd credit imIy help "nlitigate" Capial 
market imperfections and reduice the disparities 
in the marginal products of capital acros., a*lrms. 
Finally, if farmilers Icild to tlderp rodtice "risky'" 
crops there ima) be scope lor price support to 
produice s moreSocially desirable crop mix.1 

Distributional Considerations 

ip to this point w\e ha e discussed market 

failurcs that destroy the Parcto optimality (maxi

iuim efficiency) of the competitive equilibrium 

and call for ovtnitnent intcrvention. Now we 

Will considCr issues rclling toquiti'. A competi

tive equilibrium, even if a Pareto optimum, fails 

io maxinmi/e social wclfaire when there is dis-

Adam Smith (1776) put it: "No society can Surelv 

be flourishing and happy, of which by far the 
greater part of tle numbe rs are pool aild 

tuisc rtable. 
[he market tmechanism gives rise to a distri

bution of wellarc that depends, among other 
t~l otlthl of' skill andthings, initial distribution 

'For im letlailed Ireaitent of risk mind unceertiainty ini 
agricltlural (leselClpiliIt see R riinasset etal. (1979). 

'rot - odaro (11977), p.94. 
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wsealth. I here is no reason why tch a distri-
bUtll n luld be socia lly acceptable. For example. 
the market lchnillisll \wuld allocate very little 
oi nothing to those \io happen to be \\eak. ill. 
laidless, or unemplo\ed. [hat stch people 
should star\e for no faul of their o\n issoeiall\ 
unacceptable. Similarlv. striking and eXer-
\\idening inequalities rm conflict \with our idea 
of distributi\c Justice. I lie alle\ iation of po\ertv 
and the reduction of sociocomic dispa,rities 
ofieti calls or goker'iuinct iler\cution to correct 
the -lailur' fc"tihe market niechiisnil to produce 
a ,sociall\ accep:'ible distribution of income. 
Such iriter \enlioji \ould not interfere \\ith 
all1oati\e elficiciciy ((arCtoop,, :ialitv) if it is 
cilliied to "'luMp-stlll" I'iSleis. \\hich in 
tllCory cIn achie\e an dCsired distribution l 
w\ellare. Ilo\\exer. lunilp-suiii trainsfers do not 
ahl\av.s \\oik in practice and sooner or later 
distributike ,iieasures that conflict \with elliciencv 
(e.g.. pi-gressi\e tixaitioi) are introdluced. Care, 
hio\%e\er. should be taken to niiiiiiiiie the 
sacri 1ce in elficienc\ required for attaining the 
desirel.,distributiohi ot income. In lerms of 
elficiency, it is prelerable to elfect a change in the 
distribution (if X\ellarC throtgh quatlitative 
changes i I tactor e do\ ll lltS ra ther Ihaii thIrotugh 
chaliges in relati\xe prices that iritfcere with 
Pareto optimality (price ratios equate le mar-
ginal rates of substitutioii and transformation). 
In practice, it is easier to man ipulate prices, 

Although it is generally easier to improve 
income distributiiii in a gromiig ecinomy than 
il a stagnant eciniiiiv. without a deliberate 
action to channel a substantial part oftlie income 
increments to tie poor. gromi iiiav exacerbate 
rather than reduce iivertv. 

[he inclusicn of redMistribution objccti\es in 
tile deselopiieil plans of many .outh and 
Sotiheiast AIan countries is indicative of social 
dissatisfaction with the pireviling distribution of 
welfare. In the case of aquaculture development. 
two main objccti\es are oltcn stipulated. onc 
relating to growth and efliciicv and the other t,' 
distribution: (I) to increase lish supplies for tile 
domestic aiid export nmarkets: aind (2) to provide
supplementary or alternativc sources of cnplo\-
iiienti incoice, and ntrition to subsistence 
farliiers anid smlll-scaleIishermen..loithe extent that indivisibilities or ecoiiomies 
of scale exist in aquacultLure. it ismore elficient to 
increase fish productin by promoting large-
scale f.rmls. The high marketing costs of a 
perishable coimioditv ay fastiour centralI oca-
tions to the neglect ol isolated areas that are in 
need of additional employment opportunitics. 
Underpriced capital and overpriced labour (see 

l'ollowing section) may lead to socially unwa,'
ranted mechini/ation of aquactltire anid the loss 
of employment opportunities in labour-surplus 
countries. Attempts to deal \with locali/ed ex
ternalities or to take advantage of economics in 
\crtical or hori/ontal integration may lead to 
consolidation of landholdings and montopolistic 
markets (see Ior example. the poultry and iced 
industry in 1hailand. \lich is presently expand

1ginto fish farling). 
[bus. the objecti\c of rapid growth in fish 

supplies ma. be in conflict \\ith the objectives of 
creiltilng employment opportunities and reducing 
socioeconomic disparities. On distributional 
considerations, small-scale farms should be pro
tloted, \hieh requires credit oni easy terms, 
technical assistanee. and possibly the (free) 
supply of Sonic inputs such its fry from go\ern
mient hatcheries. There is also a related conflict 
het\\een production of high-\alue species for 
export and production of inexpensi\e species for 
domestic consumption. For example. 'Ihailand 
di\ ides its efforts between tie p'rotion if 
large-scale commercial culture oIf luxury and 
seniiltxurv species, such as pra\is and snake
head fish, and the promotioii of employment. 
higher cash income. and better nutritiot trIrough 
the concept of the village pond (stocked with 
carps or tilapia) in poor areas, pairticularly the 
Northeast. On efficiency grounds alone, all 
efforts and funds should have beei directed to tie 
types 0f culture aid locations with tile highest 
return. 

Thius, in allocating research or investment 
fuinds for aMqlaculttlle development, both el
lieiciecy and distributionalcriteria should be used 
\ith explicit tradeolfs when there isconfliet. The 
state's distributional \weights for different socio
ecoim ic gloups are (iten implicit in ,national 
de\elopment plans. These or other explicit 
\weights should be used in comparing the distribu
tional implications of alternative research, 
inivesnient, or assistance projects. 

Divergence Between Social and Private 
Costs and Benefits 

The implication of market failures is that 
market prices (1o not represent true scarcities, 
that is. social opportunity costs. The iniplication 
of dissatislaction with the prevailing distribtution 
of well'are is thai even when prices reflect true 
scarcities (Pareto optimum), they do not serve 
tle society's objectives (welfare maximum). 
Therefore, allocation of resources based on 
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market prices may not lead to maximiiation of 
social welfare, 

Because the government is often unable to 
correct all market failures (e.g.. public goods, 
widespread externalities. etc.) and secure the 
desired redistribution through taxation, it uses 
the allocation (J investment resources through 
the political system to achieve its social objectives, 
Thus. the question arises: flow are costs and 
benefits of* alternative public pio'ects to be 
calculited and cornpared? T'he answer lies in tihe 
comptitation of-social or shadow\ prices." which 
are determined by the interaction oftrue resource 
searcities and sociai policy obcctics. 

In a perfect world, where a competitive 
equilibrium is also at social welfare inaximum, 
shadow prices %Nill le identical to market prices, 
Considering. however. the pervasive market 
imperfections in developing countries, t severe 
divergence may exist especially in the labour, 
capital. ard loreign exchange markets. In tile 
extrelie case of at country with widespreald 
chronic unemployment. the shadow wage rate (or 
social opportunity cost of labour) \ould be /ero 
raither than the positivc wage rate acttially paid. 
If. in addition, reduction of poverty isarmong the 
society's ob.iecti\es, and fiscal i elns are niot 
effective. \when a public proj,,., isexpected to give 
employmernt and higher income to the poor. ,, 
lurtlier dovn ward adj lstrent off tile shado\ 
wage rate should be made. ltus. use of the 
market wage rate would have rcsulnted in under-
estimation of the net employment berefits fron 
the project. In contrast, the market prices of 
capital and fioreign exchange are far below their 
true scarcity \alues resulting in oerenitioti of 
the net bencfits fiiri their use. 

A detailed exposition of the cost benefit 
Milalsis of public projects isbeyond the scope (if 
tile presert re\ie\. I' iwe\er. a fewi iore cses 
of diirgenc bctween beriefits and costs piirticti-

rlvIa relevat to aquaculture will be mentioned. 
Risk. although an important consideration in 
private calculations of costs and benefits, is 
almost negligible from the society's point ofie\. 
because the societ\ autonmatically pools the risks 
frot all econoiic acti\it%. 'Ihe social rate of, 
discount or titiie preference is also likely to be 
lowver than the prikate rate because risk and 
uncertainty, taxation. selfishtuess. tiistaken 
optiinm, and shortsightedness are less applica ble 
to tile societv as a w\hole thai to individuials. 
Moreover. taxes and subsidies. although part of 

"'Good expositiots of cost henreit ainalvsis are 
Fotlnd in Vitch (I 971) and llire atld \an ter ha k 
(1975). 

private costs and benefits. are transfers involving 
no use of society's scarce resources (except to the 
extent that they interfere with the eflicient 
allocation of* resources). Finally, costs and 
benefits external to private operators are real 
costs and benefits from the society's standpoint 
and should he taken into account in calculating 
the soci,!l profitability ofain economic activity or 
evaluating public projects. 

What are the implications of all this for 
aqu u Ithure'? First o'f all. when we speak of 
aqtacultutre potential we should always make 
clear whether wc mean private profitability, 
social prol'itahility, or merely technical l'casi

hilitv. If aquiculture of a particular type in a 

particular location is profitable to tile individual 
operator hut socially unprofitable (due to ex
ternalitics, capital intensity, etc.) the government 
should discourage it through taxation, regulation. 
etc. If. on the other ha)nd. aqlluculttore is socially 
profitable butinattr.ctive to private investors. 
proniot ion through subsidies may be appropriate. 
Secondly. in laboir-Surplus economies, labour
intensive aqualctlturc should be promoted by 
subsidi/ing (or somehow inducing) private pond 
operators to employ more labour than they 
\%ot d oi their own accord. Also. shadow prices 
should be used to e\aluatc public protects for the 
provision of basic infrastructure for aqlacllture 
or for direct government itioleuent in aquta
culture developniett where private iriestment is 
urtva\ilaiblc or undesirable (e.g.. nlariculture). 
Finally. iii evaluating the social prolitabilit\ ,i 
aqui-aculttire. its indirect effects on other sectors 
of the cconomny should be consilered. For 
example. aquacuhltre may facilitate tlie nmanage
rnert of capture fisheries if it can provide fish at 
competitive cost and at the samre titiie employ a 
significant number of the surplus fisheriern, thus 
reducing both the attracteicness of and need for 

destructive fishing and llowing tile go\Cenilett 
to introduce enrlorceable regulations Ior the 
recovery of the wkild stocks. In any case. clastal 
aqu.lcilure if prolitable can serve its an alternia
ti\c or supplemetat;ury source of income for 
coastal fishermen. ('onlicts between culture and 
capture fisheries alsto exist its has been demon
ntrated b\ the reduction of catch in Laguna de 
Bay (Philippines) after the introduction of fish 
pens. 

A Note on the Second Best 

If tile marginal conditions for Pareto optinality 

were satisfied both before alnd after tile imple
nlentation ofa pu,blie project and il i-rurketswere 
perfectly competitive. we would use market 
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prices to calculate costs and benefits. In such a 
perfect world, projects should he implemented 
until the marginal unit had a private cost benefit 
ratio of one. 'This implies equality of'marginal 
benefit (price) to marginal cost, which is one of 
the conditions for the Pareto optirnality of the 
competitive equilibrium. But price should be 
everywhere equated to marginal cost. If one or 
more of the marginal conditions for a Pareto 
optimum are violated (and correction of the 
distortion is not possibler), a first-best situation 
is not attainable and the satisfaction of the 
remaining conditions is not necessarilydcsirable. 
[he best we can achieve is a second-best world 
that requires violation of the Pareto conditions-
piecenmci policies based on the fulfillment of' 
these conditions in a partial Cluilibrium context 
mny rediUcc rather than increase social welfare. 

Bccause %%e live i maninperfect world, tie task 
ofcost benefit analysis is tsOCaait second-best 
pillicies by alloss ing for suboptimality (external-
ties. monopolies, etc.) in the asscssmenl of costs 
and benefits. Instead of private we use social 
costs and benefits and incorporate the "second-
best constraints" of an imperfectly competitive, 
distotled. and uncertain world in heir measure-
ment. 1[he first-best policy would attack the 
specific imperlections and distortions directly, 
But this is. by definition, impossible because of 
institulional constraints, 

Concluding Remarks 

lhe purpose of this paper was to review some 
basic concepts offsocial wellare economics for the 
inioconinist and to explore their applicability 
to ilLIMonetlrttre d\eelPrcit. At least two il-
portant concepts, the compensation principle 
and I lie social sclfare function. s\ere not included 
for ieasons of brle'\it\ and simplicity. [lie thrust 
of tilepaper is that aicompetitive mlarket \%(inld 
renslt in the most efficient allocation iifresoilirces 
if th,'re s crc rio rliarkct failures ;and svould 
iixirlii/c sicial s\elfare if the distribution of' 
incoie %\;asacceptable. In reality. there are 
seseill niarket failures and dissatisfiction \with 
the pre\ailirig distribution of irconie. The paper 
re\i-t\\sthe main nlrkci failures (exlernailities. 

'in lhe atihne 0l ililiillin al clln ii- ll,,itis 
piii ih! 

, 
fign 010luneil arid siitin l a iti sidies 

that\glolt lead a rallkl cclloli I lnlnI hParli-
,lihoptirial al'icatin n ll i 1 ri -npiiiinil 
illocatrirl agnrd a s\%s'c li l lilll.-Ninilaix.scs gri 
Nilhidics ha %ill lead i the dcsiled incnic distri-
billion and. heicc. I( ocijil %%elalilC na~xilnii. 
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public goods, etc.). points out the way in which 
efficiency is affected, and provides examples 
from aquaculture that may form the subject of 
future research. Forms of possible government 
intervention to correct or supplement tilemarket 
mechanism are also discussed. Miaximi,ation of 
social welfare in an intrinsically imperfect world 
calls for the public sector to provide public 
goods, to mitigate tileinadequacies of tile 
market, and to promote a socially more accept
able distribution of welfare. 

Throughout tilepaper examples are given of 
market failures affecting aquaculture develop
mnit. It is of interest, lowever, to highlight here 
sonic problems facing aquacultre that are not so 
much the result of market failures as they are tile 
consequence of the yoiung age of the industry. 
Aquaiculture is still a novelty with uncharted 
territory. Both on the consumption and produc
lion sides there are risks and uncertainties. In 
countries sLch as Sri lanka and Malaysia. 
freshwater fish is not vet as popular as marine 
fish. In most Southeast Asian countries, with tle 
possible exception of the Philippines. the market
ing and distribution system for freshwater fish is 
not well developed. Moreover, fish culture poses 
marketing problems of its own because, unlike 
capture fisheries. the harvesting is concentrated 
ina few days of the year and, unlike field crops, 
fish is a highly perishable commodity. 

IIoweser. ailuaclultuire faces its most serious
 
challenge on the production side. Biological and
 
technical knowledge of many cultured species is
 
relatively liniited and of this only a small part 
reaches the farmer. The industry is still very 
vulnerable to changing economic conditions and 
outbreaks of little-understood diseases. Exper
iencc, as it has beenIlearned froin tlie case if 
catfish culture in Thailand. is the deciding factor 
between handsome profits and bankrupte\'. 
Farmers have still to rely on trial and error to 
arrive at optiiun stocking rates, feed formulas. 
'Ind disease treatnment. In short. aiqiuaculture ;till 
has all the characteristics of in infant industry 
thilat reTuires a niajor research effort and govern
nenit assistance ifit is to reali/e its iullpotential. 
Indesigning researeh programs and government 
proJects for promoting aquaculture in the region. 
the reviesved concepts of \'elfaire economics niny 
serve as a guiding franework. 

the author acknoledges tihe \aluahle contnents 
recei\ed miilKeith flay aind tine olher participants in 
the workshllop. 
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General Discussion 

In the final summary discussion, the following key points were made: 
- [-o iiomlics iMust reasses; priVate rates of retturn in light of the broader 

social costs and benefits. Tbis social accounting must determine a new social rate 
ol return and this must be compared with the rate of interest at which the 
government borrows money to invest in such dev'elopment activities as 
aquaculture technology. 

TThe question of shadow pricing is important but often ignored. In many
societies there arc internal prices that bear little or no relation to international 
market world prices. As a technology such as aquaculture develops and 
becomes an industry exposed to the competitive effects of interriational supply
andl demand, its input and Output prices increasingly reflect their real resource 
costs. Therefore. it isiriportanit to use world prices as tile shadow prices during
technology development so that the chances of the technology's ftture survival 
and growthI \will be cnhanced. 

• Demand and marketing ;!.,pects are important to assess in addition to the 
Co 11(llnics 01' productio r. 

*The economic analysis presented during this workshop is best suited to 
tle a ialysis of static situations or the economics of resource use at a particular
point in time; it is weak in providing itniformation and analysis on the process of 
change. 
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Conclusions and Recommendations 

The following are six conclusions and recommendations reflecting major 

points of discussion in the workshop: 

- Effective interaction between the biologist and economist is essential. 

This interaction is illustrated by the need to accurately identify and distinguish 

between the maximum points of biological production and economic profit. 

Almost without exception, the output level of maximum profit is reached before 

the biological maximum. Htowever. there was no consensus as to when this 
interaction should begin. 

9 At the sta e of initial cxperimental design and development of separate 

biologicaltechnical components of a technology (for subsequent testing and 

evaluation) there was no consensus as to how and when economic analysis could 

be used. At the stage of pilot-scale testing and evaluation, the techniques of 

marginal and 1.ital cost benefit analysis could be effectively and usefully 

employed. Wien testing and adapting the technology with a sample of target 
total cost benefit analysis, partialbeneficiaries or users, then marginal and 

budgeting, ind the socioeconomic survey could be applied. When evaluating the 

economic, of an existing production system. the whole range of economic tools 

could be used, including production and demand function analysis along with 

the other above mentioned techniques. 

0 :conomic studies on existing aquaculture systems have tended to be 
to moredescrpti\e rather than analytical. Future studies should attempt 

an',vtical so as to provide more useful information on the sociotogical, 
to increase productivity and profitability.t(,chnical, and economic constraint, 

marketing were recommended as- Specificall\ , demand analysis and 
important areas for future aquaculture economic research in Asia. 

• It was recommended that more farm record keeping be encouraged and 

introduced into aquaculture economic studies to improve the present "recall" 

technique for obtaining historical data. 

e 	 It was strongly suggested that the sociologist had an important role to 

play in research on existing prod,'ction systems and in the development of new 
detailed discussion on this interaction was outside thetechnologies but that a 


focus of this workshop.
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Appendix 1: 

Working Definitions of Economic 
and Statistic Terms 

A%I.RIF FIXII) Costs: Total fixed cost divided by 
output. 

AVFI[AGI (PHY;tll', I'loti'l: The total (physical) 
product divided by the anount of the input used to 
produce this output. 

AvI IA(I TI01A (ost: Total cost divided by output. 
A' I AlI V..RIA IllI CI 1: Total variable cost di vided 

hy output. 

BiNI lit OiSI RA tll: 'Ihe ratio ofthe present value (f 

reVelus to the present valtue of costs. 
1110AI-F IN

, ANxi ",Nis: '[he level of price or produc-
lion at which tihe project just covers its total etsts. 

('ASII ClIS: ()tt-ol-peckct Costs lor inputs incurred 
itprodUcing iii output. Somtimes,this is known as 
explicit costs. 

Ctt t..ttx Plo ,I',:Is the lack of %%cll-dcfined and 
enforceable prtiperiy rights oser a certain factor o 
production. e.g., coastal are.as.staries. ainf fishing 
grountids itt the open seas. 

C(iI'l IlII i l lltl Is to existE..\1 m t: said when ilhe 
markets for allinputs and outputs clear Mithexcess 
deanand or excess suppl.* exists) lollt\,,ingfreea 
choice by tit ctittsticrs lt heir ctnsun'ptitt basket 
subject to their budget ctostraiht and i free rnaxi-
ni.'ationt of proits by te produtcets subiect it their 
nroductio technolgy lit( pre,.itting niarket prices. 

(ONS IANI P.! i i I ss Ito S(\i i: II all inputs are 

expanded ill the Name proportit. outptt is expanded 
ill the sate proptirtitt. 

DiI(il"lsi-lAi Ns(l 1I t I(\: fixedI I A rate 
(percentlage) of tile renaitting \aluc tf tfie asset. 

)1 (ItlAsl.(i os I I [tit lt : Is tine in which ile 

lice fiarm may adversely affect the production of a 
dow%,nstream fish flarm. 
i:lXl1)INt'I: Al input whose quantity cannot readily 

be changed sshen market conditions indicate that an 
immediate change in output is desirable. 

(01 MI i MIl' ':ihe sun of the logarithms of the 
ohsercd valties, divided by the ttinlbriof ohserva
tiotis. 

CilSS tilR IlIAI Ri %I\I I: 'Totalproduct or output 
multiplied by the market price OfOttptt. 

lIt \SlI(; l",ii Is in which(r0"1 sIllt: one tile 
a\erage cost of production rises as tiheoutput olthe 
indu+stry increases. tfile to unresponsv e (inelastic) 
input supplv. 

Is,'ltASIN i RI II INS Itt S('.\I: I all inputs are 
increased h a cert;ain proportioll. ,oi.Nresults it, a 
Imore than propt riionate incr.a.e int otlpitt. Sirni
larly. decreasing ret Iurnsto sealIe occtir %%heltoutput 
increases hy a sialler proportiol. than lh increase in 
input.
 

IxtllIstili It : inabilit\ t fis ide certaitn factors of 
production ito stmiller units and. hence inakeht) 
marginal changes ill its use. 

1NIvNt IN, Ill facing dilficulties inits earlym : Is olle 
slages hlt \ilt pronisitg potential ill tle fl11rc. 
(ocrtiment asistancc at lie tart may .bejislified if 
the induslir is likely to ultigrt\v such assistlancahflter 

on. 

\lt 	I: Att input is a lacttr of productiotin rcqiuircd to 
pirodtcean otitpt. hrexaple. lr or lingerlingsare 
alltiput tcded to priducc alt output of lish. Iiptils 
can be cither \ariahle or fixefd. 

avcrage cost tof productitnlallsas ottput rises titueh ltsmt),\'\: A curic itt input space showintg all Icch
indivisibilities itt certain lactors if productio, 

I)i(;iIi ll :itI itist: Rtughly'\speaking. it is the 
totalnumber ofl obseralion, or \ariates minuis the 
nuimber (itesntttctl paraiteters. 

I)lst:ol NI I MI II0): Ciitsersitin of flittrcostsaitnd 
rewitues into preent saltcs. 

Fi:.\s1iI1it i St l51ll I lt(S: EIll:jcjticit.\ stbsiitttiii 
slio\,the proportiital cliange ill the itiptt ratio (for 
example. capital labtir ratio) induced by a gisefl 
proportiunal change it [lie input price ratio. 

Fs II lI\\ IIN: Is tie elect oif oile firit's tr indiidital's 
actionts oilothetr litins tolindithi ills sht arc tot 
parlies inthe actis ity. e.g.. the use o pesticides b a 
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ttically efficietnl ctbnlbinalion, ol inputs capable of 
producing a gi\ct lesel o.foutput. 

I.\\\ Il )ii\NIlsIINl\, il It',:lisuccessive tinits of'one 
input arc added to giveti LttlilietiCS ofollier inputs, a 
point is evcittilallv reached whcre tile addilion to 
otltpul pr additional unit of the \ariable input will 
decline. 
.N,(rI ,:"IlIat hori/o)perioid of tinte (or planiningti 
ii \hich all inputs can lie \aried (i.e.. to fixed 
inputs). 

N 	l il N.\ : lie word "'narginal" refers it)stiall 
cfat+pes in value rilter lhal iabsoltte \alues: tlhIis, 
incremen tal change cither discrete or continuous. 



MA ixGi ('u I: lhe Chang 01 Idditioi (inteCiase Or 
decrease) to total cost resulting htorn an addiiionial 
unit of ohhtput 

I. i (iiAl.PI It ( ; 1 ddtion to ttalIN51R'\1 ) ( 


(pliscal) product auttihitahle to the. dditiot otoitle 
tuit of the \ariahle input to the pioduLtintn proces, 
the fixed input remaining unchanged. 

' \Rt t XI Illl I1I"N I OR \i I Si illN 'tY: I the 
ntinher of units of good (or rcsourl) Y thit tni si he 
sacrificed (t released) hoieach additJoiial unit ot 
piod I lresource ) X coullit milifitailied(or used) Ito 

a i.enlu leel of stitaclition (or output). 


'
 NIltiN \I 5, ]R SNItlRI"l \li\ l N ll ':Is'IIlI u 

lienumber of units by Mich the pioductioni of'N 
must he dLecreasedl to inrcease tie output of*Y b%one 
unit. 

IN\I stl'N\ RI \i i: I lie htige (inlreae orI ie-
crease) ilngross re ntes iesulting rulall additional 
titit of output. 

MARI I IIL I Rll:Is " inuallunctioninglof rce markets 
resulting illdisit ted [)]ices that do not rellect the 

tiue sarit\ of lesotlces it goods atd. henee. 

result il a misallocation oflite souietvIs scarce r 
irsorcles. 

NI,RKt I lislt II i Is tilelacktl:i of ",ullicicnt" 

competition among the suppliei s or huvers lila good 
i it["Offitice. e.g.. inl)l'ililvx. 1llllpsollt1. Illigopll., 
inotitpolistic conmpetition, etc.. cstilting in distoirtel 

m11arketlrices and. hence. ill inefficient allocationi of 
iesourtes, 

Mt SN (w1As IK\(i: I lie sui ol tileobsersed salites 
disided hs tilenumber Ill bser:d \altes. Also 

kioll ii as the irithntetic littl. 
Nt iI St NitiI: (iross rti\eless ttal cts. 
Noi',voi (os IS: Not litlites or"cash outhla is reluired 

ofr spent illtie use ol the input ,%itie( b\ tie 

producel. 
()IIR I I 1l ('OriS: I lie retilrn gise ti up h.\not 

participatitig in the next best ilteinalise ait it. 
(it) I II'Rliiiil t Il)N) t \Sit I m: (ii\eni the plrolte-

IliepreViling market pri s are used in costing these 
inplts. 

,

Pimilt l Ilo 1:INIl ,:Ai inputl output relatioislhip
 
+l,,I iflg Ihe itIII itIOtuilit f oltput that be
uaximumI call 

pllldu'ed ull111 n\ speci"'ed set ofl inphits, gi\e the 
existilgl technology. 

Pt 1111 (uomi) Is a1good khose consuiption by one
 
indiidital does I(o1dimniish its a\silaihilit\ to other
 
indi\ idulsl. \ puhlic good i,.thus. zharacteriJed hv
 
jolIne,"sS in Suppl.\. in thilto produLtc it liir one
 

l consumer it is nccessai to produce it lor all 
'onsmties. In 11a1 cases,. no oe i hobeexcluded 
luin ti eljocllntlofi public good \\Ilther the 
indJidual pays (or not (e.., iational deflence or 
control of epidemic lishdiseases). 

FI\I t it.II.,I l\ NI: Rei(1 ll II It's U \I' IN S I 'i mls ti
 
capital di ided b\ capital in\etununt.
 

Ri I I I (sli II\I(iro\1 srGl nutIe less total costs
+.',s 


except tile opllrtiiiiit\ Cost of cuplital. 
" 


i I iR l1.liii \\Il MNIX t MtII: (iross reenties 

less totl[ costs except those associated %%ith the 

operator's llhiur and management.
 

I Ii m I%,l\r: r
lRN (iross eelues less total costs except 
those associated \%hti land costs. 

Rt ii N\S itS(,\1 I : I lie percentage change in output 

thft resultsSIihen a1llJnpu!s rie expatded h\ a certain 
percetntage. Ilie returns to scale cart he obtaiied by 
additl (le output elasticities oiall the inputs illtile 
Cobb-)lit [s prodtuction ueltiolti. IReturns tol0sclle 
can he either increising, ctLanlt. 1"deceai¢Sillg.
 

St i'sl Il S1: Is isituation \hebe market disttrtions
 
irc so persaskie that the restoration ififa irst-best 

sliation is not ailttiahle aind. hence, it is necessary 
to make allossances for sutilptinalitv inithe assess

1CIII Of Cost',ilndhenelits. 
Sl	NsI I IIi)t ANi sis: Recalculation of eoloolie
 

\iihilits tidet altrnatisJe sets of intiput output
 
prices and yields.
 

Silil i RilN: 'I hat period tf time in\which the input (if
 
one or more producti\eL agents is fixed.
 

tion functihin theilitputl elisicity of X is tile Slll II IllN iii: Ilie benclit accruingto ticocietvasa 
priportiotllil cliaig, iliillUl tslitg It\ia iiJet 
prloporltioial hange ill Vlliir inpts held coistanit. 
[lIle olitlit eluiSticit Of iti itipnit is eLLl~iil ill its 
niirginal prllitt dihided b\ its airage prtlidct. 

P\It I(i(tt1sit Si: Is a sitin shcr" it is it polssible 
to make c\ci betetiei-olllie persoi \iliot inikiig 

l

sltoilelltc else \\lr -tll.I'ii)llu t intni is the llist 
etlicient allocation If resllirces tid goodslhll' tihe 


prea\iiltJ' ditributii of \caltli. 
Ihil I1i t : recalciulatiin ol additiotnal1)Ii. If\N A 

costs aid additionial returns or reduced colsts aid 
iredied rttiits itsiatestilt Of iatitl0r ChIaioge il I 
ploditit l techniqiie. 

PAN t I't Ifll: Niiliiber ol ars reliieito rect\erIsI1K o 

tlhe initial n tinvtenlt. 
Pisl Itl ili: tlt indiduallI\ lie benlit acruti 

larniers irtiti tle sale aind honle cotiiNillnpton of tihe 
goods aid ei\ ices t he, produce. Niarket prices are 
used iln \alting tihese loutputs. 

PiuAs l )tis: (Ile Clost ilicuried h the indidial 
I'aril.erill eplhvinl fatr tIo prdetLililoOf nel 
a.indpurclased) to produce i gisen le\el of uttput. 

iOole Ioi tlile productoti and use of'certain g tds 
o, ser ices and related hy-p oduicts. Iliulitint hese 
0t itpi,,social or shadow ptices rellectiing their trle 
\alc to thetciel ie used. Miarkei, mia' fail to 
assigniprics to iertin "output' p....olliltioln. 

Siitll (1CS1: 1I L Cost iCLirred hy the societi, s i 
\slittle iinteLm tio use if s arce resources (or 
sacrificed allttrnaltiss) fur the priid ucti illcertain 

goods or seLi es ocial or shadow prices rellectimngt 

the trite scatity of reLsoiirces are used in calculating 
ecosts. Market prices rellect the trut' SCeiiit' of' 

reSLieS til]\' ntider ideal conditoions of perlectly 
functioninng malrkets. 

St1i-still i-listi )i Ii1i1 iN: Annual depreciatinti 

CLtil to puichise price if ainasset less fn' salvage 

\;title it divided ei's Of life.iif by tile expCtel 
1l1 Si (os,: li the short uln. total cist is tie sturi of, 

total sariable anL total fixed costs. variable'lotal 

costs amidtotallixed dusts are related to variable and 
fixed inptt, respeclely. 

"lllAIdIi 	 finpu thaitlt ot increase' l I ltCo'tsI: Cots 
or deeeast with the level of production, such as land 
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lease, interest, insurance pIreM UMs. de.piciations. 
salaries oftpermane personnel, etc. 

Iiilmi (IWIIINIst \I) I'.oImI (I 01l, 1 I lie totalllInax-
initi1) output ohainablue ro diller.nt aMounts Of' 
the variabhle input. gisn a specilied antmunt o the 
fix ed input. 

lit.\l V.\ltlsiill (I i)"Is:(' osts ilpitlthat icr.eas.or 
decrease v,ith lOw ot such a h.*Iln, productlion. 
leed, leirtilier, cl 'tricit.. tetupojrv labhou. etc. 
Ilotal suiriahl cost, arc sotllltill." called opelatitig 

costs. 

expe lses]I I. \v.\( I(N iSxi s:,r. thAl . tu+cssa rV to 
fring togetheri lipleriis and the h ,rs of gouuds 
and se.sices and etlect all enclicial echanges. 

;m iI i \ \I : A situatioiin is \hich more than ontte 
omut eon is possihle rotm ati gi%.i actiotn. It' no 
uih'tis .eprohahility to cach of te titany oItcolles 

cn he assigned we talk simpl' of uncertainty. If the 
probbhility of each outoie canl be inferred %%etalk 
ol risk. 

V\I I I I A\Ii il lltmil)l (I: ]hie salucolthea itage 
produtd l a aria;hl input is CiLtiMl to its asetage 
plro tdmultiplied h the market price of the output. 

,\iit (i IMltls I'ii ,iiIl: I lie salue of the 
marginal priducit of aI %ariable input is equal to its 
tmrginal product multiplied by the market price t 
the outpult. 

VxRIII i lt I: All input x%hose .lilattit\ can be 
.hallgot almost il aIliaclllusl\ iII respoise to 
desired ch,,tges in outpit. 

W I I \i NI*.\Ist Mt: Is a sitliattoll ,iht.e tno con
ceiahle change catn improe the ,,ill-heing ot the 
societ' gix cii its resurcesand thetalcstl technology 
ald kno,,edge. 
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