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l.~ 

IDlHfty countries. the fisher!... ..ctor .islUl 1.apo:tant cOBponent of the 
econOll1- the :il&portance of this sector caD be vieved through its eontri:"'ltion 
to a7:o •• do ... tic product. the level of fer, ian ezehanl' eaminls. dow.tic 
nutrition, do •• stic •• ployaent and l!nklt,e.toothor indu.tri •• and •• rvlc .... 
AttilUtal fl:t .. :lrie.are alloln Uportant eomponent ot the sub.i.tence 
.coil~i.1 ofuny d •. ve.lopJ.ns cOW1trie., &Ile! provide a uj or sou.rce of millal 
prote.tJ.n. for an international aid orsanisatlon such I.. the Australian Centre 
for International Asricultural a.s •• rch (4CIAJ..) ,it tapart of it. audit. to 
cOl'l.I,ide& thafJ..harie. sector of developing countrJ..s in the fundlttS of 
collaborative res.arch projects. 

AI pa.t of the decis10n e&kins procell for the allocation of rasearch £=dl, 
ACIAI 1, develop.1nSA set of pJ:ocerlur...fot' quant.ifyiuS.!n a .,.t .... tie 
aanne.t' , thepotftttiillecono.ic velf.re effeet.1 of r"e.rcb. The anal,sis cf24 
lar.lcultural couoditi.. is outllnttd in :Dav1. .n41yan (1988) and .. .iIlilal' 
an.If.iafor fore.ltry product1S ha, baen c.oapletedby Davis, NeEenne, and 
'rumboll (1989). The evalUl.t.ion of potential lain I fro. fisheriGlre.earch 
ullnlezittina eco.ftoalc 4uqllu •• etho401oaiet sucb .1 that applied in the 
alr:icultural md forestty anal, •• I. hasrecelved little attention in the 
literature. A. a result. there has beep. little analytical infotut1on 
ayailable to.I.ist deci.ions r8sardina the •• pulil that sbould be liven to 
f1.h.~ t:'a.e,u:ch ona CODOdity and resleaal •• ph •.• i... The· ain focu.. of this 
paper lito dey. lop an analytically based infomat1on ."t.. to •• aist decision 
•• kers in their choice of which fishery couo41ti.. should receiYe re ••• rch 
attention. 

Vlth t.he f·.ilhert.. .ect.or .ainlnS6t.tentlO1l bltemational1,. and an !ncr •• ,ed 
focul on fiehel's".1 re, •• reh by nation.-l aD.cl int.ematicol orlanl.atlonl. 1t 
..... iaporunt to develop so.. Sllt •• t.ie inforution to assist .in thi. 
researcb deci.lon akinl proe....Thit paperbaltvo obj.ctiv.... The fi1!'lt 1. 
to appl,. anes:1ltina te •• ~n:cb tvaluat.ion •• tbodalI1 to .elected c~diti.. of 
tit.. f,iaherl.a lector. The leecond. objective 11 to sen..rate hlfoJ:.#atiOQ to 
Iuppor't decision.akin; cholc,e. betv"HHl leolraphlc reslocs, and b't •• en 
coaoditie. vithlnthe fisheries •• ctor. the Ilnerated !nfot'Ut1on provid, • 
• oa. ..1nllptl a. to the desirablefl,her)' coaaodity r •••• rcb focus. An 
aportantinfluene:.eon the ehoice ofcoaod.ltie. 11 the t •• earch object.lv.of 
&1\ or;a111 •• tion. The ispact ofthi. on the cou.odtty cho~ ..1. illust.rated. 

The firat •• et1on of the paper wl11 hive .. brief overY!.. of ·vorld fiaheri .... 
Include4 1. • IUSfAryof 100U receQt literature on detarainma fishery 
evaluation and pr·lorJ.ty settina. Section 3 vl.11 outlinetb. .ethodololY used 
and the mfotution required. Soae prel1a1naryr,t.ult.are pre.lented in 
I.ctten ". -"Ph.ll.inl the potential reQlon:al ud. AWJ~ralian benefitlfro·. 
fl.b.r1·..r •••• reh. Thi. Infonation 11 .UM&ri.ed :\n _suitable fora for u •• 
,. 00. input 1n the decision akinS procel. for cboo~l.f,nl bat"attn r •• eareh 
option.. SOlIe concludinl ob.er:Yt1tioc..:4f pre •• nted in laetian S. 



2.larlst El,uru"',d"lua 1I11'ESb IUIM$' •• 

2.1 MORni •• of'lIUQ'C&tW. aA4 'nee ••• d ,ftod.ucta 

W'orldfish.u:7catche. 1ft 1918total1et491. 0 .1111on .. tric tOfl:O" tof .bleh 
7,1.1% ".. u4.d ·forh_an CCftIQPt,.lcm(PAO 1"0&, 1990b),. " Ofth.to ,.aport.of 
pt'OCe,.u.d product...xc.eeded 35.1 .al,11iOll t.OM.' or 31 .. 5% of tet.le.tch ••• 
,.bl.1.uaaril .. 1 vOl:ldeatehe. anc:l p,r:oclu'l •• ul product .:poct.frOil 1'79.. 'tbt 
COtltr:ibuticm of catetuts f'1'011 the prine del JAland"aterecylronaentl 11 .1.0 
pr •••. rn:,ec1. Aquacu.lt:u;.re p.:odu.ct;!cQ data. whicb 1sincludflul in tota11llOr14 
catches. has b •• n:.corded ftCUI 1914 .. 

'total vorld f.tshe"1 lX'owtb fra 1971 to 191' <at 3.1% &.ul1,. tbooab it, had 
been •• hilh &1 SI p:10: to 1970 and. bJlJlcv .L% an:1\1&11, for the decado fro. 
1970.. The ril.p1d ,rovth of inland flnMJ:7 productiQ:ll, in.thc 8_ pe:104M. 
b.en duepriur.11y to t.he axrowtb cfaquaculture. this 1. b.coamIQ. 
inertaaiftsl,. lapo.ct:ant are. of fllhe." d87elopant. 

Of t.bfJ tota.l WJ:"ld. catch. 'OJ J.'proce9Iec1furtber in ... fa.hion. ffb.t~.1:' b7 
fr,ezm'l. carini OJ!' camd.ftlfor hU;.III;C coa$wtption: orre,ducticmfor lftdUltr.1.al 
and other pU.rpo.e •• 

In d.velQP1n; .f1Iher1 •• t there .. re ft. unezploi.ted stocks ofabwdant speel •• 
tth.1c.h cMtbe readJ.l, c.uahta~ urklted by cOt1"entional •• tbod. • future eat.:b 
I<covth .Ult co •• Era. :1nCl'eaIHIU;Ul aqwaculture production and unused r •• Qu;rce. 
luch a. krill and .... soperlaaie filh (Law.ofilia4. p.28). In eoajUftct;lfn'h one of 
the chal1enaec of fl..het)' dtwlopaent vil1 be theel.,ip and iapleuntf.tion of 
_anas •• ant leh •••• deslped to con'~'"e cur:ent re.ources. bl.at'ch plaMerl, 
In order to achi... tbe Ire.test lapact. 110uld benefit. fra .. .,lta.tic 
e . .,.luation of tbe poteftti.a1sah1. re.ult.!Qa Erell fisbery r.l.arch. Such .. 
• Ylt •• YOuld as.ist dee.l.ictl ,ukici "bel" cur.rent.l1 l1alt.ld infQr:1I,atloni. 
available. the next s.ction wl11 sugar!.. loaerecent Lnforaatlc:m Rel studi •• 
relltins to tbe .valuation (If fishery r.search before an AftalYlll of the 
evaluation o.f fiabel'7 coac4J:tle. 1.1 presented. 

2.2 PrniOWl ':lsher:)' b.aanzhbalu.aticD Studie. 

There are fev studies explicitly de.lin, with the econoalc evaluationaf 
fishe:i.s and pri4rit1 lettina. A paper by Linder (1989) p.roposec1 .. fisheries 
priority-settins frallevark lnwhich he identified key variable.. The.e include 
the rat.io of potential Irols aJ:mnal bcu.'ulfit. to avtlrasean.nual research COlt. 
the estimattZd. probabil.1ty thatlrol. acnual benefit. vill betealiled. the 
duration of the r~s •• :reh project and the tl •• 1~1 to adopt.ion. It. quantitative 
m.a.u:elncorporatlnathie !nfOnl&t:lon v.. prellfl.ted. the' 4ociallurplu.' 
approach "a. proposed 8' th •• etbodto quantitat.ivel, •• twt.I:oa. annual 
res •• rch benefi,t. t though an application of the fr ••• "ork is not included in 
the pAp.,;r. 

A Itudy by BOlch andShabaan(1990) developed. aJ.aul.'tlrm aodel which "&1 
.pp,lied at the co_ad:1ty level to det.adne a eet of res.arc:h priorities for 
oy.ter production rel.arch. A.ode1 of 0Jste: productlonunderuncertainty. 
tneludinl arovth. disea.. and tconmdc eo.ponentl val uledto aid priority 
$lettinl. thie vas achieved by estiaat.ing the i1Ipact that d1fferent types of 
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research information has all return. fro.. reptet/Jnt$tive oyste.t' plantUlI 
enterprise. 

In other studies. the Gconollic benefits accruinafro. fishery rationalisAtion 
prostaa. have been malYI.d.. Staniford (1988) developed apart.!.l equilibr:1W1 
I\odel fo~ ~ua:t~ .. atinl the annual iro.. heuef!tafroll acol'lOllicillprov.aent 
prograll. that ratiouli.. fisheri.s, testing the .en,itivity t.o diff.rJJls 
supply .nd d'.and elastJ.,cites. Generally, theta studies llavenotconlidered 
tbe impact of n.lI tf!ciu101ogios on fisherie~vhicb. could p.otentially provide the 
••• e level of b.nefits. Bolade (19.88) discuss.s the iS8ues and tmal.ysis of 
technological innovation' for fishm.ries develop.ant but does nat apply.ny 
fro.york to ••• e.. theiT illpact. 

Internationall,. tbere hAl been increasinsattentionfoculed. on develQping 
strategies for fisheries re.earch. 'thi. haa enhanc.~ the 1'lt6ld for $'£0':. 
ayetea.tic 1 t'ocedures to generato information as an .1nput intoth!s decision 
making proc( II. Inte~ational ol.'aanisat!ans such as the IAtemational Centre 
fol.' Living Aquatic aesource Hanage •• " (ICLARH) ar& activ.-ly involved in 
developins research atrategiea for fisL4rie'" Thianeedhal !ncrealed with 
their recent admittance to the Consu.ltive Group on International Aaricultural 
Research (CGIAIU "ho. through the Technical Advilo~ Couit.t •• Secreta'Ciat 
(tAe). have also been c:onsider:1ns hov to a.se •• research priorities. Other 
organisations such .a The Vorld Bank, the Couisaion of European Co_unitie., 
United Nation. DGvelop.ent Progro (UNDP) 041'AO jointl,. sponsored. ·Stu~,. of 
International Piaheries tlesearch' vhieh co .. _need in Kay. 1989. Part of the 
.tudy involves developins an approach and & fra •• vorkfor •• sessinsflsher! •• 
research needs in developing countrie. (Vorld BGk 1989) • AUltralian 
inltitutiona have also been involvecl vi~h developins p'ttioJ'itles andrea_afch 
strategies. A recent w.otklhop oJ:'ganised by the Bureau of Eb1J:al a.,ourc •• (lsn 
1989) discussed the future needs of Australian filheries rese.rch, part of 
wbich involved the rese.rch priority setting pr.oceSI. Vb!l,. no foraali.ed 
procedure vaa developed. participantG expre.sedstrong utarelSt in areatar 
involvement in researcb priority setting. 

While fishery research baa been recogniaed ... having the sreatest potential fQr 
the future develop.en~t of fisheries. there is little infot:'1lUltion on the 
potential economic benefits of research to assist in an,. decisJ,on flaking 
regarding the potential rillsearch emphasis to follow. Through t.his study. it ia 
hoped that the information generated frOID the fraJl.3vork's application vill be 
of use to decision makers to a.,ist in the develop.ent of fishery reo •• reh 
strategies. 

3. Iftbgdo191r ADd Pit. A"I.bl! 

3.1 lDtroduetion 

Davis. Oram and lyl.J,l {19B7) iUdariae the categories of 1nforu.tion required to 
&pply a pat,tial equilibrium multi-regional traded good .adel to evaluate the 
potential benefits from researeh for a particular eo_odit,.. Before outl!ning 
the info11l1ation requirements. the methodology u1Jed in the analysis is br.!efl,. 
outlined followed by the definition of fishery commod.1.tie. used for the study .. 
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3.2 Kethodolo81 

A framework to evaluate the potential gains from research is devtlloped by 
Davis, Oram and Ryan (1987), incorporating international, regional and national 
per.spectives in a single commodity, partial equilibrium. multi- regional traded 
good model. The model uses the concepts of economic surplus to derive ~ JD1! 
measures of the relative economic benefits of altern.tive commodity and 
regional rosearch portfolios and the distribution of these bene.fits among 
consumers, producers, importers and exporters (Davia and Ryan 1987.). 

The framework is an extension of the Edwards and Fre\lbairn (1981. 1982, 1984) 
model from a two-country to a multi-country basis <I This allows the likely 
spillover effects of research to similar production environments to be 
incorporated and is an important distinguishing feature from the Edvarda and 
Freebaim model. 

The details of the !!lodel are dO~WJented in Davis, Oram ,.nd Ryan (1987) and !lX'e 
only br.!efly summarised here fallowing Davis and Ryan (1987a,1987b) • Figure 1 
illustrates a simple two-country situation for a single time period. In 
evaluating any benefits. the model aS$umes that research on a commodity 
generates benefits through lowering the costs of production of the commodity, 
represented by ~A in Figure 1(1.),. This causes. the supply curve to shift 
down to the rign! from 5 to 5 a' This supply curve is assumed to be 
linear with a parallel shitt due to research. If the research has relevance 
in an importing country (B). it can be expected to alao lower production costs 
in that country after a suitable lag period by k in Figure l(c). The 
shaded area indicates the benefits from research tha't,a are measured using the 
framework. The commcdity research is assumed to have no impact on other 
commodity prices or services, or any macro- economic variables. World price 
effects on the commodity being researched are accommodated through the demand 
curves which are assumed to be linear. The model also assumes static demand, 
although this can easily be relaxed. 

The model also incorporates the strength of individual countries' research 
systems" the ceiling level of adoption of research results, lags in the 
adoption of the research results, and the impact of the commodity being traded 
or not. 

3.3 Fishery Co.-odity Classification 

The methodology employed to evaluate the pot.ential economic benefits from 
research in fisheries requires information to be commodity baaed. The most 
comprehensive world-wide information source of fishery catches and processed 
product statisitcs is from the United Nation's Food and Agricultural 
Organisation's 'Yearbook of Fishery Statistics' series (eg. FAa (1990~, 
1990b». Within these sources, information is presented in a wide range of 
formats. Fearn (1990) provides a comprehensive review of the FAa fishery data 
sources. From this it is noted there is no formalised commodity otructure 
linlu.ng the catcheG and landings data. with the processed prodllcts information 
sinc') each data source is based on different classification systems. It is 
necessary to establish a cleRr understanding of the basis for the definition of 
fishery commodities used in the analysis. 
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Figure 1: Two Country Diagrallllatical Representation of the Model 
{Source: Davis and Ryan 1987a) 
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The definition of fishery commodities is based on the format used by FAO to 
record the catches and landings information. FAO p.rovides i!atches information 
on 840 individual species. Each of the species items is e.rranged into 
fifty-one groups of species that constitute the nine Q!visions of the FAO 
'International Standard Statistical Classification of Aquatic Animals and 
Plants' or ISSCAAP (FAO 1990a. p. 7). Each of the 51 ISSCAAP SU'" -groups is 
represented by a 2.digit code. 

From the ISSCAAP system. the 2.digit level is used as the basis for determining 
fishery 'commodities'. The 2-digit ISSCAAP groupings provide a logical 
aggregation of similar species. As a result, each of tho 2-digit groupings are 
refered to as separate cOmt!1odities. It is assWlled' each represent reasonably 
homogenous 'fisheries' in production (ie. captures and land1ngs) and relatively 
homogenous products in consumption. The logic fo~ determining the individual 
fishery commodities has been supported by fishery technical experts. 

Figures 2 to 4 illustrate the ISSCAAP commodity class.ification system for the 
three fishery production environments of marine, freshwater and brackishwater. 
Catches and landings production levels for 1988 are also shown. The boxed 
commodity groupings indicate those commodities selected for analysis. 

The definition of the commodities bas been orientated towards that of the 
primary procluct at the captures level rather th&n the processed products I, This 
is consistent with the nature of fishery research projects funded by ACIAR. and 
the omphasis of these projects on the development of fishery resources in 
developing countries. Other influencing factors in CODl!Dodity definition have 
been the availability. of production and prj,ce data at this level. Also, it is 
important for production data to include fishery toutput captured or cultured 
for subsistence purposes. 

Witbin the three fishery environments of marine. brackishwater and freshwater, 
the twelve commodities selected for anal,lais include: 

Carps, barbels and other cyprinids (11) 
Tilapias and other cichlids (12) 
Miscellaneous diaJromous fishes (25) 
Demersal and pelagic fishery (31-34) 
Herrings, sardines. anchovies (35) 
Tunas. bonitos, billfishes (36) 
Mackerals, snoeks, cutlassfishes (37) 
Lobsters, spiny-rock lobsters (43) 
Shrimps. prawns (4)) 
Oysters (53) 
Mussels (54) 
Clams, cockles, arkshells (56) 

The number in brackets indicates the 2-digit ISSCAAP grouping. Catches and 
landings production frotll the selected commodities account for 72% of total 
world fisheries production (FAO 1990a). One commodity, the Derersal and 
pelagic fishery. is an aggregation of four 2-digit ISSCAAP groupings • 

1. These groupings includ~·: Flounders, halibuts, soles (31); Cads, hakes, 
haddocks (32); Redfishes, basses, congers (33); and Jacks t mullets, sauries 
(34). 
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TJ;lese groupings weJ;e aggregated because of thei; s;.milar production 
envirQ~ents and technologies, based on the opinio~ of several fishery 
technical experts with a brQad knowlegde of international fisheries. 

The next section will outline the commodity data requi;ements for the 
evaluation of fishery research benefits. 

3.4 Information Requirements 

This section of the paper will discuss the information requirements and sourqes 
of this information as well as any procedures used to adapt it for use in t~e 
fisheries analysis. The information requirements include. productio~ and 
consumption information; supply and demand elasticities; potential spillover 
effects of research; assessments of the relative strength of dif ~rent research 
systems and ceiling levels of research adoption for eacp. cOlUltry /region; and 
assessments of research and adoption lags. 

3.4.1 Production and consumption 

Production data is obtained from FAO computer tapes for fishery catehe!) and 
landings. The catches and landings of each commodity represented by the 2-
digit ISSCAAP classification grouping is recorded in m.etric tonnes of whole 
fresh equivalents (YFE). 

Consumption data i$ more difficult to obtain by the defined cOllUIlodities and in 
equivalent units to production. Information is available from FAO data tapes 
for processeo fishery products. This is stored by processed product category 
and does not fully co~relate with the format of the catche$ and landings data. 
Also, this information is in units (ie. metric tonnes) of processe~ product 
when the requirement waf! for consumption data to be in equivalent units to 
production. represented by iFE. As a result, it was necessa~y to convert 
processed product information for each commodity to iF! using FAa conversion 
factors. also refered to as extraction rat~s. This procedure is fully 
dOcUlilentsd in Fearn (1990). 

To simplify this procedure, commodities were assumed to be either traded or 
non··traded. Traded commodities included Herrings; Tunas; Mackerals; Lobsters; 
Shrimps/prawns; Oysters; Mussels and Clams. These commodities were subject to 
the procedure for conversion to whole fresh equivalents. The remaining 
commodities were assumed to be ilon-traded. These included Carps; Tilapias; 
~Iiscellaneous diadromous fish and the Demersal/pelagic fisheries. In these 
cases, it was assumed catches and landings production (already in iFE) equalled 
consumption, negating the need for any conversion procedure to be used. 

3.4.2 Fishery Commodity Prices 

A composite fishery 'commo~ity' price is required for the analysis. It would 
be desirable to have 'at-the-wharf' commodity prices for each individual 
cOt.lntry. However, this is obviously a difficult task g.i.ven the variety of 
prices for individual species within each commodity and the fact that many 
reported values of production are for processed products. Price information 
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for different .pect.e. "alobtained fro. Copland and Lucas (195$). A!;W (1988). 
Cnpbel1 at II (19.89). SEAmEC (1989) and l'AO(1990b) and UI'Ild toeltu.ate 
coacdlt7 price.,. It i.en'lillagcdthl.t I. 114 .. \1:e objllcti". procedure to _,atelate 
1:ndlvi.dual specie., pr'1ce1nforutionfor each co_odit,. vil.1 be eaplo1.4 as the 
~11si.dev.lopl furtber. 

Table 2 Ilses the pricescurrentl, baiug u:sed and th..~urce, oflnfota&tio=.. 

3 .. 4.3 Supply and Oeund El.stiu:l.t,..1 •• 

Thete i. 11Jd.ttd infomation available on elasticity •• tiDtcsfor f.t.hery 
couo(U,ti ••••• pecially supply.lalticities. Anderson (1973) •• ti •• ttJd deH11d 
alalticitiesln the USA fora tfUlse of £1.:,118ry products. A lat~r Itu"'1 bJ 
Chena and capps (1988) estwted d~d· el&stieitie.' for ~ ·,iIlil,n:ra",_ of 
couod.l:ti... allofor tbe US •• rket. lUns.toft, S.1th andle.oro (1991i) .tu4ied 
the cle_ndfor seafood in Japan, dis.llresatina the 1.1\&111.:1.* t,j]) h~. and 
away-froa.holla eon_upt:1on. Hoover, thill .tu41 considerec:l lKJ.rel'ft,ra:. 
seafood classification. (e,,, crust.t:ceal)l) that vh •. r. broadal"than tnct d •• lred 
for tbis atudyo With studies that COllpare t.tl" deallttle! for altematJ-"efonat of' 
lIl.at (ea. beef. chicken etc) • le.fo04 i. usually included .a a b1'o.d food 
catelory rather than as individual. couo41ties. table 3 p1':ovid&1 ..uu.ary of 
d •• and elasticities taken fro. preV'iou..tudie,,, Ttll) stucU .• s CGncentl'ate Oft 
the doaiuut US an.d Japane.. ..rkets for a.lJfoo~ products" fable 41istl ttle 
elasticiti8B currently uled in the analysi.. Supply elasticities are 
gue.tim.te. at tbi~ It.age and require further inpu.t conaid.riD; the vat'.iation 
of prod.uction t.echniques between coaodit!. •. 1 and countrie.. Hovever. the 
:Laportance o.f tllasticites for tnepurpose of the results reported in ttli. paper 
11 not s.ipificant. Ilasti\::1ty esthut.. are important when eonl1derins the 
diltribut1en of .stillatea benefits bet.een producers and contuae::.. lIore 
attention needs to befoc:used an this area wben an analy.1~oftb. d.1.tribut1on 
of benefits 1. ilt.cte. 

3.4.4 Spillover •• tiaate, 

(i) Background 

An in:novat :'ve .'pact of the Davis. Or_ and lye (1987) reaeareh .".lul:'t10n 
fra •• york is the inclusion of potential .p111over beeefita fros :e ••• :rcb 
conducted in one resion to other relioftl of siailar "Bra-ecolosical 
cruu:aeteristici. Davis, Oraa and Ryan (1981) catlin.. the prel!ainm17 
pro.:edur.el used to deteraine hoaolenou. asro-cliaa.tic zones and .,t,lute 
potential apl110vers. Spillover estwtes vere based 01:1 the notion that 
research undertaken for a co_odlty in one set of Aaro-e.l1aatic condition. ".re 
potent.!ally applicable to production .in other 'lIIi.lar _,rocli_tic reliaD •• 
Like.,i... rfllion. which are d,il.aI1ar vould rec!eve fe", if .,. spillover 
benefits of the re ••• reh" 

The or1Sinal geograph.ical region to tesion spillovers used by Dav!.. Or.. and 
Ryan (1987) vete subjectively .'leisated. Davil. Mtltenney and ~rnbu!l (19'9) 
and D.",ia (1991) have IUllelted • procedu:e which roplaces '011'0 of the 
subject.!ve spillovar .Itl.lt.ion ,r,ith .. aore 'YIt.ell.at,1c procedu:9. Thi. thou,ld 



• 

Table 2 Prtce Information Used ifttbe An.l~si.,.l 

Oarps 
T~lapi,as 
Misc. diad'roMous 
Demer8allpeles1c 
Uerring!J 
Tunaa 
H4lckerala 
Lobs,ters 
Shrimp.B/pra'wDB 
Oyste.rs 
f1usaels 
Clams 

1. Average t01"1983-85. 

('US/at) 

1,200 
1.400 
1,000 
1.000 

650 
1.100 

400 
11.000 

&,000 
2,-500 

450 
3,000 

2. Units are in whole fresh equivalents • 
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raaod1ty 

Atlantic ,roundflah 
IlaUbut 
H&ddock 
Cod 
CDd 
Flotmdor/aol. 
Flo\mdttr/sole 
"'reb 
Oe~"" perch 
SUpper 
Saiaoa 
SaN.iHa 

t ... 
Taa(accrecate, 
tina (boutebold) 
""a Cava,} 

Total finfish 
'bh 
fisb (.~.at.) 
Fiab (household) 
rish (a".,) 

Tot.. seafood 
seafood 'a,gre,ate) 
s..rood (hot: .• ~bold) 
SeAfood '&var) 

Shrill, 
Arb,p 
Stirill" 
SiI,.l.p 
Northern lobsters 
Crabs 
Crabe 
CnutAe~aru. '""r ••• te' 
CrusUceUiI (housebold) 
Cru.tac:eau 'a"&1' 
Total alt.nlbll 

OJater. 
OJ_tel's 
Clau 
Su scallop. 

Period 

1981 
1911 1"'-10 19a1 
19&1 ... 10 
ItSl 
Ulal ... ao 
1981 

1979··86 
1979 .. a6 
&',9-86 

1981 
196& .. 8S 
1979-16 
1919-88 
1979-8& 

tS72-'4 
1919 .. 86 
1979 .. 8& 
1979 ... 86 

1981 
19S0 .. 68 

1911 
1919-86 
1919-86 
It1t-86 
1181 

1981 

• ';.b;;i~ 10 braeket.. indlc.&teton;:fUn i.th~&UtS 

Cmlntry Elut.iclt)' 

USA -1 .. 0000 
USA -1 .. 0000 
USA -0 .. 5557 
USA .. ·0.5251 
USA -0.405 (-0.410)' 
~ .. 0.4500 
USA "'0.549 (-I.GiI, 
USA .. 0.103. 
USA -0.101 (-4.102) 
USA -0 •• 1tO 
W;A -0.70$1 
1.'::4 ·0.9131 

USA -0 .. 1132 
Ja,um -0.($ 
Japq -J .. lt 
Japan -b. 35 

USA -0.1141 
Jap.aJl -0.55 
Japan -0.58 
Japan .. O.CI 
JaPAn ... 0 .. 49 

USA -0 ..... 5 
Japan .,.0.77 
~.jW) .. 0.43 
Ja~ -0 .. '1 
USA .. O.3OH 
USA -0.;'5' 
USA -0.1-$ 
USA 0.2H 
USA .. a.a~'$ 
USA -0 .. 1411 
uSA ... 0.'1713 
JapAft -0 .. 3' 
Japan -3.11 
Japan 0 •• ' 
USA -0."50 

USA -o."a4 
USA -1 .. i3Z0 
USA -0.104'1 
U-!L\ -..0 .. '331 

Aut ... 

MdtraoG (1173) 
AAd.~ (1'73) 
eMlt_ a1id C4m t ttaa) 
c ... , .ad r.-JjMl (1.1 
Tao •• seftr-.t aaa 191 UNt, 
Ca., a4 ecppa U9h) 
f8Oa. k\rui -.I lor 11-'1%) 
ChtJi, and ~ nth) 
Too_. kt. .... k Md ~)' (1'82:) c,. .. pet c.PP9 (t9811 
Aadltrtt<m Ut13) 
Ancktrna (1113) 

AMerillOlt (1913) 
liq.-tOft. hUh audha ... (l91O) 
'tnlstOft fll .1 (lIto) 
111lI:atOr. ." .t (lItO) 

Chen, anj CI~ (1~a8) 
t •• l .l ai UH') 
Klngstoft et -I (lito) 
Iln,ltoft et .1 (t9tO) 
littl'wn et .~ UHO) 

CaW- Ut8l) 
lln,_to. et .1 (1'94) 
llqltcm et .1 (1'90) 
tln.stba .tal (1110) 

~t5Oft. Ult3} 
Chene .... ~ (liSa) 
~1l (117:) 
Cleat1 fl.'I) 
AM~~ (tIll) 
Aiderllft (i.f3) 
~nl u4 ~. UH" 
lihl't~ et Al (lItO) 
ItQatoa .t -1 (11ft») 
il.'~toaet .1 (litO) 
~, t.tld ca.,. C J'U) 

Md.rtcm (J"3) 
CWA •• rtd Cam (tt., 
~tacm(lI'.3) 
~r~Ulf3J 



Tobie .. 5u ... -; of Fishery Coaaoditl Elasticities Used in the Anal,ais 

CoRDOdltJ 

CarpI 

Tilapi.s 

Kl8C. diadroaous 

Deeralll 

Herrin,. 

Tunas 

Hackerals 

Lobsters 

Stlrt.pa/pravns 

Oyste.~. 

Mussel. 

Clau 

Deaand Elasticities 

Previoua atud!ea 
ran,e 

-0.405 - -1.0000 

-0.9831 

-0.35 - -1.15 

-0.5995 

0.280 - -0.3099 

-0.6124 - -1.1320 

·0 .. 6041 

I.tinte 
used 

-0.65 

-0.65 

-0.65 

-0.65 

-0.90 

-0.90 

-O.JO 

-0.60 

-0.60 

-0.10 

-0.70 

-o.iO 

Supply Elasticities 

[stinte 
used 

0.80 

0.45 

0.80 

0.80 

0.90 

0.85 

0.90 

0.80 

0.15 

0.30 

0.40 

0.30 



ieprove .replicahilityand con.i.I~.ncy of r,.ults althouah there is stlll Icope 
for further improvement. the procedure is briefly outlined .1\8r8. 

tU.ththe countryfocul oithe .frallevor'k. the.". is oftencountrie. that bave 
ault.iple pro4uction environaents. The revised approach incorporates the 
proportion ofprodQ.ctian froa each prod!,1Ction envirouent within a country into 
the spillover estbate. 

the process il rep relented by a 8iaplellb.trix. given •• : 

S 13 an n x n matrix of the estillate. of the potential r •••• reb Ipillo.ver 
weights on a Icale of 0 to 1 .aong countries/resion. chosen for analysis, 
n is the nuaber of country/regions. 

ia All n It 11 .atrix of potential research •• pha.i. parueters. II il the 
nuaber of production anvirOnl'antl. 

C ia an a x .. ntrix of production environaent to production envlrouent 
apilloverJ. 

r 18 an II It n ut'rix of co_odity production share. for each count'r::y by 
production environment. 

The elaaents of' S are equivalent to the potential spillover. ua.din Dav!' •• 
Or .. and Ryan (1987). EAch ele.ent represents the estill.ted countX}' to country 
research sp.illover. Th& B. aatrix is used to account for the aultj.ple 
production enviroMents in certain countries and aSles. the potent.ial !aPACt of 
focusing research to develop technologies specific to particular production 
env!ronaentl. In this analysis, it is asswned the research f·ocul il equivalent 
to tbe proportion of production in each of the production environaenta .. 
Ilea.nta of the C tutrix represent eitiJut8s of the potential spillovera due to 
production environaent factors, ignoring the individual countries' production 
~nvirotulent cOllposi.tion. Finally. elementl of , rep.resent the Ihare of 
production in each production environment for each country. 

(li) Application to .. 'ishery AnalYSis - Assumptionl anel Inforaat.ion U.ed. 

An 1.raportant part of this approach is the use of production environments in the 
deteminatlon of spillover estimates. Da"'is, Ora. and Ryan (1987) used the FAO 
AEZ classification 'yatea to define sailar production environments for 
asricultural co_odit!es. 'or the &na1ysi.8 of forestry cOlllloditie. , Davis, 
McKenney and Tumhul.l (1989) used the agrocliaat1c tJystell developed by 
Papadakis (.1975). In order to determine the spillover effects of research for 
fisheries, it is necessary to identify & similar set of ecologically homogenous 
product.ion envirolUllents for fishery commodities. 

Froll the available literature. there is nQ uniformly accepted classification 
that defines ecologially homogenous aquatiC environments for fisheries. 

• 
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Environmental characteristics such as salinity, vater temperature, vater depth, 
currents, vinds, r.ainfall, dissolved oxygen levels and nutrients combine ~o 
form distinct ecolQgical areas • Even though information on some variables i" 
available separately in varying degrees of detail, accuracy and completeness, 
there ie no formal system combining thase factors into homogenous aquatic 
environments. Nev technologies such as alllote sens.ing and computerised flah 
location mapping are adding to the body of available information f!hat could be 
used in developing homogenous aquatic ~onel. 

In tha absence of a formal soarce of homogenous aquatic production 
envir2nments, other methods need to be utili.ad. This procedure is outlined 
below • 

Each commod:ty r:onsists of a group of similar species. Par example, Tunal isa 
combination ot skipjack (Ki.tsuyonus pelllil), yellow,fin (ThuMug 111"1(,,£e8 ), 

bigeye tuna ('1'bunnusobesus) • albacore <Thtmnu' 1lI.JJmu.) t southern bluefin 
(Thur.,nul Ilcegyii) and other tuna and tuna-like fishes. The species that 
constitute each commodity are considere.d substitutes in consumption such tbat 
when combined t they form a homogenous product. However ,each species within 
tbe commodity are biologically different and exist in differing sets of 
environmental conditions. 

The biological differences between species within the SAme commodity provide 
the basis for determining the aqua-ecological zonel. Technical experte agreed 
that a sufficient proxy for aqua-ecologic&l zcnei is repr.esented. by individual 
species within a commodity. It is assumed the physical and biological 
characteristics of each species within the different commoditJ.ea embody the 
environment in which they exist.. Under this assumption, a certain combination 
of environmental conditions need be present for each individual' species to 
occur in a particular location. Therefore, it is alBumedthe location of each 
species deter~ines the homogenous aquz-ecological environment that represent. a 
particular combination of environmental conditions. As the fish are sensitive 
to their environment and embody these characteristics in their biological 
makeup, it is assWlled that this is the paramount indication of homogenous 
zones. It fallows that the location of the same fish species in two aquatic 
areas indicates the existance of the same set of aquatic characteristics and 
subsequently the same aqua-ecological zone. Thus. each individual species is 
used to represent homogenous aqua-ecological environments. 

The exception is for the commodity of Demersal and pelagic fisheries. Within 
this commod!.ty there are too many individual species to consider each a 
separate production environment (ie. demersal/pelagic consists of 569 
individu&l species, see Fearn (1990». Subsequently. some form of species 
aggregation was raqulred to provide a more manageable level of homogenous 
environments. Species were aggregated by technical experts into 
Bub-fisheries. The sub-fishery aggregation was based firstly t on the 
geographic location of species production and then the biological 
characteristics of individual species at those geographic locations. 

2. ~he authors wish to acknowledge the 9uggestions and assistance of Dr Stephen 
Blaber of CSIRO Marine Laboratories, Cleveland, Qld. in developing an 
alternative method of defining aquatic zones for the purpose of spillover 
estimation. 
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With the homogenous productlon environments determined (ie. tne a~ua~ 
ecological zones). potential spillover benefits of research between co~tries 
can be estimated following the procedure outlined. by Davis t HcKenney and 
Turnbull (1989) and Davis (1991). The estimation oftha at C, and J! component 
matices is outlined below. 

The C matrix indicates the potential spillovers due to environmental factors. 
For fishery commodities. this was a subjective estilnate made by fishery 
technical expe.rts of the spillovers between species , Estimates are m"d.e on the 
potentail spillover of the results of research done on one .species to another 
species, based on the biological charact.eristics and co~patabil.ity 0; those 
characteristics between the two species. In the analysis t II varies according 
to the number of species within a commodity, and range from .. S to .-75. 

In this analysis, the potential research focus parameters. I., for each CQW1t.ry 
are assumed to be the same as the proportion of each species production within 
the commodity concerned. Therefore, it is assWied 1.-1". .Elements of the F 
matrix consist of the share of country production contributed by each species 
in a commodity. These proportions are obtained from the FAO fishory computer 
data tapas. 

3.4.5 Other parameters 

(i) Relative Research Strengths and Ceiling Level of Adoption 

Subj ective assessments by technical experts were used to give the relative 
research strengths of each country/regions natlonal research system. Estimates 
were based on tlle knowledge of l\ational research systeme and the perceived 
ability to complete fisheries research projects. Separate estimates were made 
for each commodity. For similar types of commodities such as Tunas and 
Hackerals. similar country estimates were assigned, indicating some consistency 
in this subjective parameter's estimation. 

Ceiling levels of adoption vere ALSO subjectively ~stimated by fishery experts 
for each commodity by country or region. The estimates indicate the maximum 
proportion of producers eventually expect"d to adopt the new technology. It 
reflects the ability of producers to adopt technologies; the capacity of the 
extension system to provide information on new technologies; and tho market 
environmQnt's capacity to provide suitable means such as finance and marketing 
arrangements to enhance the adoption of new technologies. 

(ii) Lags and Discount Rate 

Davis, Oram and Ryan (1987) used a lag of 11 yea~s for the country undertaking 
the research and 15 years for countries receiving spillover benefits. For the 
forestry analysis by Davis, McKenney and Turnbull (1989), a similar lag 
structure was used for fuelwood, pulpwood. charcoal and pitprop products. 
Bowever, questions vere raised as to the appropriate lag period for sawlogs and 
veneer logs. 
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Fo.r the preliminary results of the fishery comtlu~ditie8 preaented in this paper, 
a similar set of lags have been used. 

The discount rate used is 12.0%. This is a rfJal rate of illtea-est and may be 
viewed as an appropriate opportunity cost o~ public research funds (Davis. 
McKeIWey and Turnbull 1989). Evon if this rate is considered higb. the 
relativities between the commodities should not change. 

Por the analysis. a 30 year planning horizon is used with a 12% discount rate. 
At th:i.s stage of the analysis t information on spillovers t adoption levels and 
research strengths have not been estimated for all commodities. It has been 
necessary to use default estimates of these parameters for the commodities of 
Carps. Misc. diadromous fishes. Oysters, Mussels and Clams. This consists of 
substituting 1.0 for those parameters, resulting in the potential benefit alld 
subsequent commodity ranking being the maximum obtainable. 

4. Potential Benefitl frQ' Filbert COl'ogit!Begear£Q 

4.1 Introduction 

The analyses generate a considerable &1!$ount of information. of which only a 
small part will be dealt with in this pape.r. In summarising any of the 
available information, it is important to have the research instituitions 
research objectives clearly defined. The results are presented from the ACIAR 
veiwpoint whore preliminary discussions of AClAR's pri=ary objectives indicate 
its aim is to (1) maximise regional benefits from its research funding. where a 
region is ACIAR's mandate regions, for example South East Asia, South Asia etc; 
and (2) maximise gains. to Australia. 

One obj ective of the paper is to determine the potential regional gains from 
fishery commodity J"Msearch to support decision making choices between regions 
and fishery comma;' toties. Regional benefits have been defined as direct and 
spillover benefit! to all countries in the geographic region were the research 
is being unqertak\u (Davis, HcKennay and Turnbull. 1989). For example, if 
research is funded l...'1 the Philipllines t regional bsnefits include those di.rectly 
accruing to the Philippines plus the spillover benefits to other countries in 
South East Asia. One output will summarise information focusing on the 
objective of maximiSing potential regional benefit!. 

Secondly, due to the collaborative nature of research projtlcts funded by ACIAR. 
it is important to consider the potential Australian -esearch benefits. 
Research strategies of a multi-national focus are compa.:ed to those of an 
Australian focus thrQugh assessing the possible congruence of commodity 
benefits from the alternative objectives, 
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4~2 Potenti.l Regional Gains froa Fisheries Research 

Table 5 summarises the present values and relativities of the pot~ntial 
ragional benefits resulting from research on the selected f.ish,ery commodities 
for ACIAR's five geographic mandate regions. This is based on. a conunon 
unit-cost reduction of five percent of the pre-research costs for all 
commodities. (Initially pre-research costs are ~u~sumed to be an indicator 
price). 

The upper half of Table 5 orders the fishery conunodities according to the 
present value of benefits for each geographic region. No commodity appears to 
have any Significant global domination with different commodities having the 
greatest estimated benefits in each region. 

The bottom half of the table presents the relativities between the fishery 
commodities. This information has proven to be of more use to the decS.sion 
maker as it abstracts from the arbitrary use of a five percent unit cost 
reduction. Relativities are calculated by dividing the highest p;esent value 
of the expected benefits by the other values. The result indicates the 
multiple of the expected unit cost reduction necessary to achieve the same 
benefits as researcl\ on the highest ranking commodity. For example t for 
research on oysters in South Asia to achieve the same total benefits as clam 
research, it would require a unit cost reduction of 10 t.imes that expected from 
clams. 

The diversity of dominant commodities in each region reflects the diverse 
nature of the aquatic production environments between these regions. The value 
of regional benefits are dominanted oy the potential benefits of Carp t'esearch 
in China. Even without the maximum parameter assumptions, benefits would still 
be significant because of the subsWiltial levels of carp production in the 
country, especially through a quaclUtqre activit ies. Prawns/ohrimps and 
Demersal/pelagic fisher~es are important in the Asian regions while Tunas are 
dominant in the South Pacific. The table also indicates the low potential of 
certain commodities in each region where unrealistic relative cost reductions 
are necessary to achieve comparable levels of potential research benefits. 
tlith these commodities ~ it is unlikely that research funding is justifiable 
except under special circumstances. 

The information presented in Table 5 is only a small part of the information 
that can be obtained from the output of the analyses. In the simplified form 
presented, the relativites can be seen as a useful input for decision-makers 
determing commodity and regional research emphasises. 

4.3 Priority Groupings 

To further assist decision making on the the allocation of resources, 
information has been categorised according to priority groupings. Six 
groupings are formulated and allocation to each grouping depends on the 
commodity relativities calculated in Table 5. The cutoff levels for each 
grouping have been made arbitrarily and consists of the following ranges: 
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Imite; I otkm 3.l fmll'luilp. 1.4 Dmraa1\,eJatics U., I.ohstm U.O lobtm 4.3 ~etla1\,elatitJ 5.' 
fiJapil I.! Carpi 1.1 Illiets '4.4 fram\.kri.p. le.G fil.,ia 5.0 lichrda I oUm U 
LobsterJ n.4 ~mtsll\.eJ.,iCl 2.1 lackerlll I .tUtI 17.9 Clan (U Imil,_ 1 otbu U.7 lr.ru\slril,. IS.' 
.&derds 1 oUm n.' fib,il U fill loUm 13&.0 list. diadt. 4U amrsal\pei&tiCl 2M touters 15.1 
fm 'allen 41.' DIstm 10.0 Rmil,.loUm 1615.5 tib,ia H.O OIEtm Uof tau' oUm ll.f 
Cu,. 21U lamb 12.5 OJstm 0.0 Car,. U huloOm IOU 11mb U.O 
Itsc. diadr. ZIU till. loUm lU tilapia 0.0 OJltm a.o fruu\sbh,. lDl.e OJlterli •• 8 
ClUJ U Im:a,.l,Um IJ.G lise. 4iadr. 0.0 Imil,' 1 oUm U lac!,:d. & .Um %15.0 be.4iw. U 
OJltm 0.0 lobatm n.s LGbstm U lac1mls I oLkeu U CluJ e.G Tilapll U 
lamb D.D l,tter". , ,Uets 11.5 ClUJ 0.0 laud. U l.mIa I.e Clus U 

ie,louJ 
ldali.ihe. 15.3 5.5 1.~ 1&.2 IS.3 35.3 
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PRIORITY COMMODITY 
GROUP 1U=LATIVITY 

RANGE 

I 0 to <5 
II 5 to <7 
III 7 tc <15 
IV lS to <25 
V 25 to <40 
VI 40 and above 

The fishe~y commodities alloca.ted to pr~ority groupings are listed in Table ij. 

The commodities in the higher priority groupings (I and II) indicate tJ:~o$e tnat 
are likely to achieve the greatest payoffs for the research. Those commodities 
falling into groups III and IV warrant a greater degree of justification b~fore 
research is a viable option while those in the bottom groupings are unlikely to 
attract funding from limited research resources. 

4.4 Comparing Potential Benefits of a Regional versus Australian Objective 

The analyses generates individual qountry information, from which the su~ary 
regional and international gene£its are calculated. It is therefore possible 
to focus attention on individual country objectives as well as taking a 
regional or international perspective. 

Potential collaborating Australian institutions often have a na~ional rather 
than regional benefits based research objective. It is important for an 
international aid institution such as ACIAR to take into account the differing 
institutional research objectives which may result in potentially conflicting 
research priorities. If differing objectives lead to conflicting priorities, 
it is useful to assess the congruence of commodities in the resulting priority 
groupings as another input into the decision making process. 

Table 7 summarises information on the potential benefits accruing to AUBtralia 
from research done in Australia taken from the analysis d~scussed above. The 
results in column (1) of Table 7 indicate research on lobsters and 
prawns/shrimps provide substantially greater direct benefits to Australia than 
the other commodities. 

The table also reports the potential spillover benefits to other regions 
(column (4» other than Australia arising from this research. Total 
international benefits for each commodity are listeq ~l column (5). 

It is possible to highlight with this information the potential conflicts in 
priorities that may occur with differing research objectives. This can be 
illustrated using the box diagrams in Figure 5 and 6. Figure 5 compares 
commodities in the priority groupings resulting from a South East Asian 
research obj ective with an Australian research obj ective. The southwest­
northeast diagonal boxes indicate a congruence of the Australian research 
objective with that of the regional objective. Commodities that occur in these 
boxes satisfy both sets of objectives. For example, Prawns/shrimps provide a 
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cl •• rllatch of cotncidinl objectivel, occuring in the h18he.t priority grouping 
fer both object.ive,. iesearch on Pravns/shrimps would .atisfy lioth objectives 
a. vall &.8 acbievJ.na the gre.tett potential banelit.. The box diagram a110 
u41c&te5 thO'3 co_editi.. in tb" letter IreupJ.cS8 (Cl&1Us. KUlsels, Carpa, 
lllic. 41_dro_ou. fish) for both obJectiv... CoaocU.ties that appear off the 
dia,eD&l indicate iaportance with Qne objective and not the other, cl~arly 
indicatinr; a lack of congruence. For exaaple. Lobsters OCCUI!'8 in the nigh 
priority Ut'ouping for an Austr&lian objective b\1t not fo.1:' the South I:e.lt A8ian 
ob!ective..Converuely,Herrmgs is iaportant ill South East Asia but produces 
Ulsiplficant pote~ti.l research benefits for Australia. 

A sailar cOlJparilon il 111\1ltat84 in Figure 6 for South Asia. This results in 
a congruence of objective. for Prawns/shriapu and Oysters. and .. relatively 
clos. ..tch with Tuna.. Hovever, the aaj orit,. of co_oditie. that f.ll into 
tlle hlaber priorit,. srou?ina undtu:' a South Asian research obj Be tlve have 
considerably le'l potential benefits with an .Aultralian objective. 

This paper !u.s outlined the application of '1 conventional research evaluation 
analysiS to selected fishery co_editie,s. Infomat.ion haa been generated 
resarding the potential impact of fisheries re.eatch. this can be swumarieed 
for us. as one inpUt to the decision _aking process re~ 1ing research resour.ce 
allocation. Several facets of the afonaation genera\ 'have been a-ssessed. 
relating priaarily to the research ell1phaain betveen &4osraphic regions and 
a.onlst fishery couodit!e.. The .f.aportance of research objectives has also 
been discussed, highlighting their potential influencf.\7 on tbt! eoaodlty rank.ing 
within the priority groupins •• 

Several preliminary poinL~ can be drawn fro. the analysis: 

(1) The aYlteDtic Iv.1Llat.ion. of the gaina from fishery commodity 
research has indicated a wide range of potential benefits 
relulting from tel.a~ch on fishery eomraodities. The range of 
benefit. has allowed coaodities to be categorised into high and 
lo~ research priority groupings. 

(ii) From the large amount of information gen.(ttated~ a subset can be 
sUD.r.i.ed to prcv1de information to alsist decision makers in 
•• tug choices allongst copodities and between geographic regions 
for the pUqlOS& alloe.tina scarce reaearch retource •• 

(iil) The importance of clearly defining research objectives, being 
national. t'egiO'Aal or intf't:nati~nal vas demon.trated .. 
Information can be generated to faeilita·te the comparisons 
betveen differing and potentially conflicting objectives. The 
potential conflicts and trade-offs between a national and 
resioaal objective vere highlighted.. Useful inputs to the 
decision making procesfJ can be drawn from these compa.risons. 
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(lv) A large bod, of infantat.ton is :required. to conduct the analysd.s. 
coae of which iS$ubjectiveanfi re11es on value judse"ents. It 
is: hoped that, th~tn..gh creatins ana"a.:4tr .. s. oftl1eappliC4t1on 
of &S1Iteu.tic technique to evaluate fifinel.;rre,aarch benef;l.ts. 
the infor:aat.ion CUL be refined and verifie(1 to ~,.prove confidence 
in the re.ults. 
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