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Mt!ftsuring •he ct;ohoillic bcrtctits (r(tin the inland fisht!cy nutnAgemcnt 
h~ South Surmatra.lndo••t:$ha; A hloectmorn~c 31Jt)roachl 

Souny .Koc:dtcnUmjttrHt nnd Osc,tr Cacho 

.Ocpt\ttJtlcllt ofAgriculturul.attd Resource Ecotlonti~~ 
lJ~th·crsity of New .England 

Armidnlc, AnstrnH~L 

The issue of dcrivi~·& bctt¢fits from th~ fishery rcsoutcc Ott a sust~inoblc basis c~ists. in mo.st dtwcloping c<Hllltries. 
This tends to create a tntljor problem conrronting both biologists and economists in n1anngh)g the fishery, In response 
to this issue. this paper q~plnins one possible method to mensurc th·"! cconor'llic benefits from ~he hthmd fishc~· 
tnanngcment To mOdel the .fisher)\ a b•occonomic approach is opplicd. and the potcr.tial appHeability of the model in 
measuring cconoruic benefits Js diS¢llsscd. 

Surplus produc:tiot1 nlodcts dc,·clopcd by Scltacfcr {1954) and Fox (.t.9'70) arc \tSerl 'the biological model for the 
inland fishery· starts with the assumption or zero rotc of chnngc in b~omass oll year a.ud or att exact index or relative 
nburtdancc. Ecot\Otnic models :trc developed by dcscribiug costs .. tcturns of the fishery . .Bas~d otl the incorporate-d 
biologi¢ttl and economic n1odcls. the current fishery lllflllligemexlt policy is evahlitled aud IK>Ssible econt:lmic bcncflttt 
arc nsscsscd. 

Kaywc>rds ~ ;•e.s·oul'ce m::otwmics. bioacotwmtc mul fisluu:v mmmgcwtMI 



The perfonnancc oftl~c fishery sector in Sooth Sm11ntra h\ 1992 was rci:1Uvcly small (l.S %of QDP) as cotnp:ncd to 
that of the agricultural s«tor (17.7% of GOP). However~ Ute .fishery is toitsidcrcd illl hnportant sector for the region 
because of its signi.fictmt contribution ns a sout~c of incom~t cmploylilenl and anhnal protein iu the diet of ittany 
households, bOth. hi nrralnrcas a.nd 'llbtH\ ~r.ntrt)s,. The conldbHUon o( fishatics to OOP tclllain~d ~h\tiVcly totlstanl 
during the period 1988.,1992.. This. mny ind1cntc 1ml the contin\ling urowiog t\\tmber ot fishermen and fishhtg \h!its 
entering the fisheries Wit$ not (\\.:<:otnpanicd b)1 incrc:lses iu fishcJ)' rcsonrc.'e jlrOductivity. 

Accordmg to present pntcticcs, hd:tUd Oshcry rc,.~cmrccs h1 South Sntm\tnltu:~y have t\sSigncd property rights. Some 
resources arc nmMgcd. by the c;ommnnify bt\scd ou the trnditional fishing. rights. How~ver. prob!cins similar to those 
of an opcn .. access fishery commonty occur. Under su~h rt)aitagcntl.!lll; each individual can maxhilisc his or her 
mdtvidual benefits from the i'CSO\\t\!e, Th¢ tcl\dcncy is for the OshhH!t COJ\\Jl\tt!ilty \0 dept~tc the resource. 
Consequently. the fishing conulniJtity t1ccs lower nnd Uhcvcnly distributed income. 

The tipcn-acccss fishery will lead to over-fishing from both biological and ccoMmic points of view. l3iotogil:al ovet• 
tlshing occurs when the growth oft he stock is lower llnm the rate of harvest. Economic ovcr .. fishing occurs ~u~ 
fishermen are attracted by c~p¢ctcd high rotcs or return from hatvcsting th~ fish stock. thi~ tends to attract more 
mvcstmcnt long after the rate of return rrom the fisher)! tx.:<:omcs ncgoHvc. this J>h~nomonoJ\ \\'llS cl~rly explained 
by Gordon (1954). 

In response to the above issue~ this p;\pcr explains ooc \)()SSiblc method ot li1C.'isurhtg: CCQliOl\lk benefits from 
management of the hthmd fishery. rn order to understand th¢ comt>lcxity or the inland fishery ill South SUntatta, a 
theoretical framework ror analysis in the stlldy wns developed. to solve current confllcts or interest ht defining 
obJectives of fishery tn:ttmgcntcr\l between. biologists nnd economists. 

Inland Fishery of Solltb Sultuth•n, lndolH!Sfll 

Titc inlnnd fishery or Sonth Sulhnlta,. which could well tcJ)tescnt inl:.md. fisheries of htdoncsia in general, may b¢ 
exemplified by the cxt¢nsive floodplains or the Musi river and ns major lribut?rics. Tbe catch merit ttrca of t.he river 
basin comprises about 60,000 km2 nnd has ll cumlllative length of over 2,000 knt. the fishcrv rcs<mtcc consists or the 
main river itscl4 swamp urc.'is (rawmtg)~ and smntl :akcs. (/ebung).. The river and stnaU Jakes contain water 
throughout the yC!t1r,. ·whHc the swmup areas tend to Jr,sc thcit water during the dty ~cason (July to S't>fcmbcr)• Fi$hing 
is traditionally cottsidcrcdatt important occupalion for many n1ral people living htUte ar~. Fishing patterns hl the 
area arc significatttly aff¢ct~l by Ot.lctunticHIS ofwuter levels. The fishhtg seasons can be distinglJblw.d as high watct 
(December to February), rcc.cdhtg water (March to May), .low 'Wqtct (JlU\~ to AugusL) i.lnd risi.ng water ($e},tem\x:r to 
November). The types of fish in~ gcnr operated will depend on both area aud scnsoJ1. 

There are three classiftc~tions of fisltenncn ht the f.ishh\g community, nnmcly : ®casional. pnrNinte at1d t\iU-dme. 
The occasional fishermen harvest fish for their own cons\tlllptions. 'the time they spcl1d fishhtg is relatively short t\)1d 
they use a compar:UivC\Iy tlt1productivc fishing \mit Pnrt.-timc ;111d fttll·tillle fishcnuc11 uscntore prl.lductive fishing 
units. However. they ditT~r in lhe sense thilt part-time fishermen tend to. usc various fishiP$ g~r mthcr than 
concentrating on a single item of gc.'lr. FuU~thne. fishermen opcrntc their fishing as a mnht a<:cupati<>nt Whereas p~rt.
timc fishermen usu:l1IY opcmtc their fishing as n consequence ot tack otwork in t.hcir main occupation. This is vel)' 
typical for r • .,lting cotnrnuoitics in Soulh Sumatra. 

There arc.·.~~rcc types ot inland .fishery resonrccs (riversf $\\•amps And takes) Md ma•tY dUi'ctent types of fishing ttilits 
are used by fishermen; the SouUt StiJ11f\tnl Fishery Scn'icc divides those mdts into 1.0 categories, OVer one lmndrcd 
species of fish arc currently bcittg .harvc!!t¢d from .the fisHery. However, ofliqial record$ or th¢ l;ishcry Service indi~te 
that all •1arvcsted fisb are combht~ into only 17 spe¢ic,s. Tlli$ m~w create dl(dctdty bt modelling. the biology ofthe 
fishery a«ording to SJ)C¢jtjc species. 

During the period ) 985wl993, flshcry production in.~ nt~j<Jr fishing haG $hown a tcf'dcncy to· dec~ue, On the other 
hand~ demand for fish from that fishery has sigltificatttly iucrca$Cd· The 1lsberyJs likely to face.a prQbtcm ot over-. 
fishing, and the 10¢ttl authority SCQnis to be uu.~ble to maintain producUVity and $tts~illabUity ~fthc ~~t~~~ Thl$ 
implies that the ihli)Ottant task Of mailit.:1bling the floW at benefit$ derived fr()f!l the ti$h¢f)' may D.Qt be fulfilled. 



A Theoretical Frame\\'(Jrk 

The .nland cnptnre O.shCI)' $)'slcnt it\ South Sumntrn, lnd<H1Q$it\, ntny be tcprcscl\tcd as htlr'iSttro l. The ut ,etlying 
stmcturc of the sh\1pll0cd systcll\ Jt\odct cmnptiscs four. subntO<tcls~ i.9,,. biC!lt·~icnl s\,bt\tQd¢1, .(SQCi;tl) ~conotJii¢ 
submodcl; biocconomlc su\noodct . nnd mnnngcmont. Stlbnlodcl. Tho . biologi~ul subm<Xtct d~$Ciibcs the J>Qpul~tfon 
dynamics of the fisheries, The ccot\ontic $llbmo<Icl describes the prices. rovcnucs nnd costs frorn hmvcsting the flsb 
stock using n composite producUou frtctor cnUcd fishing ~ffort. the biocc<>nQU\ie StibaHod~l dcscril;K>,$ the con\binlltion 
of biological nud ccom.>mic model$ npt)Ucd to the Oshcr:Y. The mann~cmcnt su\>~ttod¢J describes the ()Qii<:les nnd 
rcgutntions which might be im})<lscd b~ the nuthc.nity. 

Biohu:Jcnl suhmcHI~) 

Biotogtcal dynamics of tht> fishery cnn be Sinllllif'iccl by dcvcloplng u modd which muy be ttllJll'(utchcd holistically or 
analyticutty CSparrc nnd VcllCH\;t, 1<>22), tn l)mcUcc. however. ntt ideal model tcpresclltiog the d)'nantlc nnture ofthe 
fishery seems not to c~ist C:tddy nnd Oulhmd (l9H3) r¢vicwcd \11\tious fi~ha(y mo~cl$ and conlitmcd lhi$ statement. 
An) sctcct.cd biotogicnl model usunH~~ holds ccrtnht pnr:uuctcrs n~cd io d<~scribing the bc1uwiour or tltc stoek •. u seems 
•mpossiblc to develop n sinnli! model which <:oJ>CS with uu vnricU~s or internal nnd external bcMVfour~l 
chnroctcristics or the stock. This is ~cause real. biological system~ will ttl ways c::hangc over thtu: Mid, vary ~ccordiog 1(.) 
a\·oilnbtc resources nod the slz~ or the fish st~k (Hilborn n11d \Vnttcrs, l992). Thr;:rcfoa·c~ itl rn<lst cuscs. the dcci$ioo 
on the type ()r model to be us<:d is limited b~~ Ul¢. quality oud qm\ntu~· or ovailt1ble data. 

Modelling of the. biologicnl t\Sp¢t;l$ pf ti. fishery ¢{Ut be Upproachc<l Q$ in Figure 2. ThiS opptMch. 1\SS\UUC:$ lhtlt the 
fishery dynamics dcpct1d on the blo•w1ss of th¢: stock. These ttt(Jd¢ls, c;:nllcd biomass dymlmir.:s model$. cMt be 
extended in rour majot dltccthHts on the basis uf inc;orpqmthtg pnram~tcrs. on : ( l) ligc stntcture of the l.i$h; (Z) .fishitag: 
dynamics in tenus of fleets, t>rocc:ssing nn~ markctil\gi (3) nmJUplc sp<:cics and lh~ir ccos)'stcnt ilttcracticnti tmd (4) 
spa tint representation or stock sJnichu·c, Amongsfnll of the possible. extended Jtlodct&, the ¢xjllicit ag~ $tli!ttlh'~ ot~ the 
fish is the pnrnmctcr ll)OSt t:OilllUO!lly aud~d t,o tho boslc nlod~ts cn~vcrtUJl il.lld Holt l9S6; l9S7i Ricker 1954, 1975. 
Walters 1969). ln crmtrnst, fishing dyn:uniCS ill terms Of flcct.S. processing !llld tnllrkctittg hnve not bc.c!il Widely 
applied. A diiTt:lt<mt pcrs~ctfvc for classifying,. the bllsio btotogicnl mod¢l for ll$h¢ry dyuMuies \Wl$ giv<m by Cushing 
c J 983 ). This author outlined three types or biological models •.. n~mcl)•; biomu~s dymunles n'~<Xtcts (Ru!iscll •. t 93 h 
Graham. 1935; Mtd Schncfcr~ 1954, t 957). disct¢1c time stoek growth models (Ricker~ 19$4) and ugc stnrcturc modcJs 
(Bcv~mon and Holt .. 1956. 195.7}. Most possible esl.cndcd models nro ~cvcloped. on. the b~lsis ot tbcs~ basi¢ models. 
'vhich arc widcl)t uppUed in the ann lysis of the biocconomic$ ot the fishery (lifiiH1cSS0!1. 1 993). 

In the context or an. inland. .. tropic;tl fish~\\ t:'i .~Jogicnl d:lUt . such ns Osh . gto\\ih! mor1»Uty. ug¢ t.:l;~ss. an4 $tQCk 
rccnutment, requited to set up n detailed moooi, f:Jrc not nvuUoble. ht this suuntion. $hUplc biologiet1l Jitodcls, SIH!h l\S 
surplus productJou models •. mny be more useful to utmtysc the fishery dytmmies {Sparro. lit1d Vctt\!nm. 1992; Tal, 
1992) 

Catch in the hihmd tro11icnl. fishct}' t!ll~ompasscs rtmny Species nod their ogc Slttietures. tl is Very diffi~uft~ if Jtot 
impossible, to abt:Hudata by specie~ and cow~sponding ~,ge structure$. Scvcrnl imJ>Qrt~nt ;.>nt~Jlletcrs, such~~ httrinslc 
giowth rate und noturnl mortality or Ute specific species. Me gcncrnUy nat khoWft, From tho pcr~pectivc or the Jlsl1cry 
manngcmcnt nudtority. rcgulnUons iinpos¢d on the tropir.nl fisherY nrc ~1ot· nddr¢Ssf:d Jor $J)«ifi~, species o.r the fisb~ 
The eulirc catch data on<m treat bicmas$ it$ u dynamic pt;>Ol t:tth~r thMt by single spc¢U1<:: species. HilbOrtt ( l97?l M\d 
Ludwig and Walters ( t 989) l>Qitucd out that,. in the cn~e or the nbs~ nee ofhllJ}Ortaan growthpa~meter$. Jind. itth~~fs 
little contrnsl bi;twccn fi~hing ~ffort itnd stock nbunduttce. it may be apprOl1rhU¢ to employ snrphas pt'®~cthm tnoo¢18, 
Thus, in t~is study biomnss dyliJtmio ntf)dcls, ntso clllled, •surpht$ Productioll Mod¢ls'. or '~h~~f~t M~¢1( (HUtlQrrt' 
and Walters. t 99Z). nre' used. As tm nltcrnillivc, tm cxpot1cuU~l S\Jtptus•Yicld n10d~l dcvctoptd by. PoK ( t 970) is n1~ 
applied. Thost; modc:ls rcquir~ a rclnlivcly simple ~tor d1Ua (~ntchJmd ilfibit1g. f'.lffott). 
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F1gurc 2 Bnsic bioJogicnl model of fishctics dSilnmits mtd lout ditccUons or tms~ible chtbomUoH <front Hilborn. ttlld 
Walters. l99lj p. '10) 

The economic subumdct d\!sctib¢slh<! revenues. ~md t:osts ol' fislHug UJ>emlious.. A si»•t)lc «onomic $ltbtttod¢l ot the 
fishery was tntt"othttcd by Gordon (1954). "hero th~ torn! revenue rmd loUd cost. of Uh~· llsh¢t)t ore ¢sprcssed hi tentt$ 
of fishing ¢flbrL The OlllnlH1{ or fishing .;JJl'ort. is llS$liJt\¢dl(l have hO effect. 01\ fitetor prlccs2. With lhiS. n6sUmr>tkm, 
cost per unit. of fishing effort (¢} is c::ousH\Ilt. Jt~ncc. the rclaUonship b(!twccu Jotnl c;ost nnd fishing ctrpit is Jh1~r. 
This means that th~ ;tvcras:a tHtd mnrguml costs of flshing otrort flf.C the ~:ttnc. 

Prtcc of fi!lh can be eonsfdcrcd cUhetns fil\cd oi· vntinblc hi t'¢spon~c to lh¢ condltior\s or $Upply or and dent~nd for the 
product ut the market. Most likely~ the former is commonly ''ilJ,Jicd to fornudot~ an ~onotnh: model pC thq: fishery. 

Ufrwconnmfc stlhOmdd 

The biocconomie su\mlodcl (j(~s¢rlbes th(!. combhJnthm or the bfoJo~icnl ~»d. economic tnpd¢1$ us discus~d Jrt the 
previous sct:tion. Th¢ t>nsio t.rudltf<~nttl biocconomtc mOdel or Oordon and Schnc(et co\~ct$ ~nly ~h?lO$fCUi and 
cconotltic rnators h1 the fisht:•'Y· With this ntod~lt it is implicitly $lssutt~¢d that thl!. mntk¢t prices of Ute ~$bins cfrort 
reflect the true cost lo $0Clety. Thfs tncun~; tho~ tisbcrm¢•t t•sc ulllhcir avnHt\blc r<:sour®$ in O$hhlg mthct than h1' 
other possible {)Q:UpnUons, Whcncv¢r Ute .socfnl nspecf ts tnken i~lu ~on$idcration, e.g,. unemployment • u,e fishing 
wages do not rc0¢~t tho tmc oppot1.ltilily C¢St or Juwnr tm)'nlont UJ\~¢t such nn llll¢Jliploymcnt condUiorf,. fi$Ju;rmcia: 
have no nlterm•Hvc to nshtng. Society rnnkes IUUc $acrlficc by kc~ph1~ them bt the f,$hcry~ A$. a r<~•uh. th~lt 
opportunity cost is clo~h; zero. rnc:tuslon p( this kind. <lfnsl'¢ct, in the. tradiU(Jnal bioecptl~tuic ~lodel ofOQrd()lt and 
Schaefer will 1mwidc nn. e~tcnsiort of the basic tnod¢1, this hns ~en fqrmtd~t¢4 by .Pu.myt;t9u <11)82), Wlth thl$ 
nssumptiofl. th¢ COSt of htbOUr WJU nol.be htC.JUd¢d hl the VlltinbJe cost or fishlnS. effort. 

The mamtgemcnt sub model dc$Crit~s th~ J>QHcfcs Mid reBUhtHoll$ . which ttlighf: b¢ lntpo~¢d by dl¢ nutbod~y l~ 
managing the nshcty. 'the JJ'JIUUlflCtnCnt $\•bm()def in. Uti~ Clt$¢ m3y. b¢ viewc4 8$ ···~¢an~ ot 8¢hi¢Yhl1J. ¢¢tUlln ,IQ9htl 
goats or obJccJlv.cs. Utrough th~ u~ or ~J1pr~prhtte o:uututory btstnmt~nts ta avoJ~, twer~fi$~lng .. Such in$lmft)¢hf$ 
would provJdc ;Hi hlitJhJth;m:d and, fegul~ttOt)' fnJIU¢WOJ·k WjCbhl Wbi~h the dc$ir¢4 level c>f :ll$llin& eff~tl ~n. be 
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obtained .. ln this ¢n~. u blotogtcnl rc~br<l'lC¢ pohlt. i$ Ot$t. ~tc~tc4 ht ·fishery ]Utailll$~h1ent n• a nteasnrctnont .ot the 
optinmm level. 'thi$ m«!n~ut~mcnt nhns ot shtbiUsing. the sl<>ck at th~t bJon,U$$ whi¢h .lltoVi~eJ the mnximtuu 
sustninnblc yield {MSY) which l$ .twnilnbJc uodcr nv~rft~q eawironmcm~•t eo•nlitlolts. Fron\ thii vi~Wp>int, tffhrt lQ\10)$ 
exceeding MSY wtll cm1sc reduction ht th~ fjt()¢k Jl<)pulnti()n aind du~tcby t()ttstltme blotogict\1 ovcMishiog, On U\C 
other hand, ciTott . lt\\'cls below MSV wiU ctmsc . blologicul undcr .. fishin{i •... ~he. ~ouml¢ ®j®ti~ of: filllccy 
mnnagcmcnttnk~s inlo neCQUtlt pdc~ ofdlo· Ol$lpul nnd et:>st J1CntuttJbhh1g cftort, Optimal ro~ur~ nse ht t<:rnl$ ~r 
economic ctitcrla j$ Jn<,m~ tonscrvoUvo tlum lttc bio1ogtc~t OJ)fhnnl. Therefore, the flOS$IU)e tnnlttlgehlent options wm 
be nss(:sscd from the \'i.~wpolut or ccmH>n~i¢ qfficicncy, thttt is, tho Cili'Ubllitynf the ~l«:tcd rcg\lh\tiollli to ensure th~ 
grcntcst net coilttibuti(}t\ tc> t.hc ccumli.HY "J'h(!t¢. Me SC:\~rol nhcrMii\'Cii for tntHlitghlg f• filmcry, which. c~n ~ 
class1ftcd utto l\nl cntc~orics~ OshJng crtorl nud entch HmltnUons Other ~lnssUic;oUOil$ or ¢()tnbhlllti()M or the~ two 
'atcgortcs cnn ulst) be introduced 

Tht~ Models 

As is discussed ht the )n~wH:ms secuons• sn.ttllnstmldiH;ti()U modal$ of St;lu\ctbr ( l954) nud 'l~ox (.1910) M<: used h1 this 
study The Schncrct lHld ro~ models UlUY l>e sitn))ly writHm rcsp<:ctfv¢ly llS; 

dX .. t 
Ul -~ rx:.,. ....... x:t -qXfi 

dl K. 
(2 ., dX "'I (K) ·x·t·~ --= r""'. n. ~ .· "''(} •. ~ dt X, 
\\here K is carryiug ¢npm~Hy. ~' .J):tt1tmet¢r ~orf'cspondiug t.tl th~ Ut10~hcd <!'lttilibrhut' ~tock $lt.e~ t is intrinsic gro\\1lt 
nne or t.hc llsh. x. is fish. sto~;k, rt is fishing effort nttd q is ctUehllbUiry coemcf~th, Tit!! contluuous form. urdu~ 
Schncfcr model in t<tttnUun (I) nssumcs Umt the gnmih ntlo 10 fish JSI®k r¢lntlonshiJ) is JogisUc. tho Fox model on 
chc olher hnnd. nssl.uUc$ n ~o<1JU)>et1.l. growth' fish s'o~k rclnUonship Cioshimota nJtd. Clark¢, H.Wl). This •nodcl 
exhibits on nS)'mmcftic:t•t sttx;k (m>duction cun·~, Tbc 1Uodct. ht turn~ desctil~s nn <!SPQJI¢r1Unl rchHlons1Hp betwecl\ 
fishmg cfiort und stock .Sil.e. Those nrc sfmHur Jn Ut¢ scusc thatthC>1 show l' decline in cmch per unit ofcffort (CP\JE) 
with incrensing fishi.ng etTotL Oo(h stock prodliCtit>l\ CUt\'c$lmply Umt nt: U tower lev~\ Ufcffol1 cn~h nd<liUoual \Hlit uf 
fishing cffott will mfd u pos1Uve incn;:mcnt to Ut¢ sustt11tlnbte ~ntch. HoW¢\rcr. "dditfomd cut~b dcc:Hncs tts fishh1g 
effort increases furthct B¢yond the mMdmum. point or the sttstnhlabl¢ ~~i~ld curve~ nn oddilionnl unit, or fi$hint effort, 
will dc~rcuse the susttlinnblc (:1\lch The lW(.) models difT~r In terms ofthcir d¢flniUtlU of the tcloUouship bcbNC:Ctt cntch 
per unlt effort nnd fishing cf'foH, 'rhc rormcr 1ttodctnssumc~ n dccUnlng Uueur relationship Whcr~i$' the. Iutter Msttrncs 
n declining logarithmic lclntiottshfrt tts shown rcspccHvcly in the following cqtHU.hJU!i' 

C3) Y r.tn ... bB E ... 

<4> Ln(*)~n·bE. 
Following lhc Oordon (1954) formulmioh; toUt! <:ost nttd f(>Ull TQV<muq or the Oshel)~ n.re cxptcsscdht term$ offlshhtg 
effort. If fishing clrort hns 110 effect. on thctor J)rice, cost 1>er ttnitofOshing ¢ftQrf. is CQ~Uwt, Hence. the tclntlon~bip 
between total cpst, und fishing ¢tT'ort woutd be i~ HncM ronu. This m~ns that the nv~rogO' nod mtuslrud ¢0$J$ ofO$hhtg 
effort are the same. Th~ toUtl co$t ot fishing (TC)1 morghmt c;o$t, (MC) tmd nvctttgc cost, tACJ cat\ be written ns : 
cs> rc t::cE 
(6) AC=MC~e 
Then, towl rcv~oue Ct'R.). marglmlt t¢\'cUuc (tvffi) ond average tcvcn~H~ CAR} f\U1etlon$ arc: 
(7) TR;:;pY'*p(nil~blt~) 
(8) MR:;: p (" .. 2b e) 
(9) AR = p (il ~ b e) 
This modt!f can l>P used to find the level or' cttott which result$ In MSY tmd mnHhtaum c~onomi¢ yield (MUY) in the 
tong fUll. 

Concerning til¢ r,~l~lccnvcs or fishery manngcnldnt, blolpgist$ otlctt nhn a~ ~chlcvJng MSY, wt1Uc ~alotni$t$3hn t'<n
MEY. Instead ot either. MSY or MUY, opUnlfil rcsour¢c. usc c;:nl) Idso be viewed Jn hmi1s p( llltt>dml$lng st;)Cinf 
benefits. The nnal)1Jcnl rr:Htiewotk tc). measUJ'¢ this ctHcrlon is dt;$Ctib¢d below. 

Following the il~ed ~d~ Ul~\¢1, the lotig~ron t(:htllatJihip {)ctWc~n (otnl revenue fJttd ¢ffortt ~hd foU.l CQ$t. i!Jld ~flbrt, 
Is Ulustral<:dbt FJgurc. .3. ThCOJMdntlltn ~usudnnbh~ yield. E2, is 'Ute point .nt>tn•t Which n1o$l blulo~l$t$ atc,Col)~tJtcd 
in dctcmdlliog Jhc J~V¢1 Qf tftort h> be Q~toWcd, Fl$h¢ty ~¢ottoU\J$tS prcf~r ol)Qtllt~ ~t the p<>lnt Uf Mn\' (at) nUh~f 
than the MSY (E2). The m.axlmum ¢c;<.motni¢ yield gcm:rule$th~ .hfgh¢~tp(o0t$ on th¢ $Q$mbtnbte yield tUti'¢ WlthP.Ut 
thn-:atenhtg me fish¢f)1

• This mc~ns that the Mt b¢n¢i1t to :roqlcty fr<Un: th~ lisbeey !$ ma)(ht\i$<Ul whet~ mtrgitttt• 
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revenue equals toarginnl c;o$t. R¢sourcc tcrlls 1lre nnixi~ni$¢d at ~Y. Jlxpaodh•& the J~vcl t~r flshiug eff'od up tQ .. 111 
adds to profit. Beyond this point. ~trotits decrease as fi$hit1g costs exceed r~vcnucs. · 

Cost 

Revenuo 

TcHal PtlvaJe 

0 E1 

. " ' .. 
f/11 - : 

Ex Ey 

Figure 3. FJ>;cd Price Model ofn rish¢ry htdlcatiUM Five ~"ossibll} Equilibria. i.e .• 
MliY (El). MScY <asJ, MSY (132), ZRR (E3) +Jnd ZScY (cy) 

Effort 

Under nn opcn,.acccss or uurcguttued fishery. hldWidmtl fishetrnetl nttc.rnpt to mn~•tlis¢ U1e1r income by cnpauding 
effort as long as their nvcrugc rew.mue (AR) .is. greater thnn the aven•ue cost CACJ of thcit effort. At tbe level of eff'crt 
which gencmtcs zero. resource rent. (ZRlt), the equilibrium is <!nUed ubioflpmic ¢CJUHibrium (E3). At this poJnr, U\(:Tf: 
is no economic rent. from the fishery resoW'(;¢. The r~ducHon or~tiort from E3 lo El would g~merate subsuutUal proms 
to some ofthe fishermen. A(, tho srune thnel Ihe .size oft he fish stock would htctcnsc .. 

Both the objectives or 'MSY alid MEY are ess¢ntially considet-ed singte~-objcctivc opt,h,ms. 'l'li¢ MSY provJde$ 
maximum quattUty or the fish which could be Ule<.h'¢U~11l~~ exploited from .~··. givc:n. ~ock. The MEY determine$ the 
quant.ity of thf.l nsh whi¢lt would priwttcly produce the highest profit lit the lollg t<:mt. Opthmmt sustahlabl¢ yield. 
(which would consider multiple objecth•es of the li$hcry) may b¢ defined tt$ maximum s~hlf yield (MS¢Y). 

The MScY m~y .bahwc~ multiplc~bjcctivc fishery m1mog(!mcnt (Chati¢S; 1988) ... tlns optimum Jevct.calsUJ"Qs th¢ 
quantity of fish whicll would maximise Ute soclal value ot fijctors sucll as income dl$hibutioJt 11nd. empJ<•pm~nt. 
Maximum social yield cnn .b<! defin~d by t:lk.ing th~ sQ<;i~l ~spect .htto ~nsideration in 4etetmhlifl8 fJsMry 
managcmt:nt .. C.rutchfield .. 0979)and SJnchtir(J9g3) puintcd out .s9m~ pt·fWious studies 9tl.the.$QCl9tCQriOmi7 facton 
in fishery . mawgernent. 11te results indi¢atod thm .. nlo$(, studi¢~ h~we fopij$¢<1 ott the ~boice of f'itihcry wuc..r irt 
accordJincc wlth tllc ¢115Cl whQre fi~b~rmctt h~d low opportuJlhy ®sts.Jn d•~ $m~lJ·$Ctll~ li$h~zy. (or ·~"ampt~, ffQtber 
job opportunities arc nc>t ~vaJJ~tbl¢ for p<X>t fisltcrmell, nt. least they can ~am ~. loW bu~ ~ubsl$ttmce Jncome. Referring 
to the problems of the $matf,.$c:•le flsh~rr~ Pam•yorou (198Zl noted that .a variety of spch.JC~nomic factors ¢0Uld .be 
incorporated into Jh¢ bstsic $laH¢ bioc¢<mcunie model. 

MScY includes the S<Warl! scar~Hyot,aJt~r~intiv¢ cmpt<wment Qp('OrturntiQs. This: optimum l~v~Jcnn .~ d~t~rntihf4by 
dividing the cust o(fishim~ hlto hvo !:oU1J>QJ'I¢ilts, prival.~ htoour C9st$ (W~&cs) and oth¢r ¢ijphal ~m4 ,operaUtl$ ¢Qst$,, 
Given high hwel$ of\auempJoym¢nt in the ~no my, .the opponuufty cqstof t~bout Jn the 1i$hery J$ cto~ to zero~ '11ds 
means thM net. sPchH benefit$ wUJ compris~ the sum Qf sutplus proms S<!»c:r~ue~ ~y Jhe tish~ry ;utd wage$li$ paymentt 
to lishermoo. 
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The bioeconmnic tnOdel in)l)li¢.itly tl$$\}!1\C$ Utili tHe matkct pri¢e. or flshhlg haput& t<;0Qt(.$lhc.tnie -~ctUices which 
society mnkcs in ushtg ~he~lnputs for li$hillg tnther than: in ot.her oc~utmUon$. Under this asstJinptiPh1• uttnhiiP8 tb~ 
level of MEY from the fishery nmy require n hug¢ t~dnction ht ¢ffort. This hupll~s that a lurge number of fishermen 
may be forced out ot l1$hh1g. 

However. becnnse of tlil¢1llplo}'rncnt .·problems. fishcrmctl mny hnve no other nhcttmtlv¢. The it opportunity cost is 
atrcndy clos¢ U) lCto. Soeicly is umking UUI<: or no sacrifice in keeping them in the O$hcry. UiHI~,!r theuc contUtl<liis, 
the cost of lnbour us well ns litbo~tr rmid in cnlculntlng the cost per unn c::trort is 7..¢r<:J, th~rcfotc, UH} new toUtl cost. 
(fC) wtll be lower thnn the prcviou) !··ne. 'rhfs mnkcs the level or <:ffott. in MScY (JJ~) higher than MEY (El) JlS 
shown in Pigurc J · 

With respect to various fisher~ obj!!cUvcs. Fit~ilrQ 3 shows the cxlslcnct.: of five possible equilibtin, 'fhc first three; 
equilibrm, MEY (1~1)~ MSY {E2) and o[X!n ncc¢ss ¢quilibtium {E3) hnv~ b¢ch diseus~t!d eurUc.r. Another equilibriutn 
in this figure is MScY (Ex) which in(:orpomtcs the opportunity cost of Oshcrmen into the bi~~()flomJc model. Th¢ 
other equilibrium fs oJHintmn in tenus or t.he ctnploymcnl. (Ey), Hull is the l)Oint where sochH yield l$. zero 

Empirical mode) 

The Sclmcfcr rmd .Fo~ producnans mod¢1 us shown irJ cquuUon Ol ~md {Z) indicntc thnt toml catch nt Hm¢ t' is n 
parabolic funetiott or fishing effort at time t. Consequently~ the esthnntion. or tho$e iimcUcm r¢(}ur<: n non~lillC«1t 
technique However. lhis problem cnn be sol\ cd bl' nssuming const;rnL catch pet unit or ~;!{fort in each tespecthtc yi!Ur. 
Thus, the Sclmefcrund Fox ltl<>dels tJCeotuc Hmmr ns shown in equations (3) nnd (4J, rcspecll\•¢1Y~ and rewrite us; 
< 10) CPUE ;:;: o + bS 
<II) l.u(Cf'U6) =--< n +bE 
These models can be estJm:Hed using orduwry tc.cnst St]unre technique. 

The Dafn 

lu order to derive a pro(.htcHon f'm1cliun for the fishel)'r Woe series dotu (197?,. 1994) otUle inhmd <.:tt)ltm:¢ fish¢ry in 
South Sunuttm~ Indonesia. wcr¢ used 1'hc d:Hn com;is~ of . thrcc different types .of hthmd fisl1ccy r~ur~cs, mm\ely : 
swamps, rivers nnd lakes. 'fhc nvemge historicul d;tta on the lotal of unit* ttip nnd prodU9fioil associ~ ted with fishing 
gears is prcseutcd in Appendix l They show that the. most buporwnt fishing g~ar is port.Hbl<:. traps-~ followed b)' 
gill nets. hooks nnd The riverine and swump fisheries: coJUtibLHCd slgnifi.c~mUy to the totttl htht.nd cnpwre tlsh(!ry ht 
South Sumatra. Luke J1sh~l'J' contributed tt NlativeJ)~ sumlJ proportiou. 

The various species wen: nggrcg~tcd ~nd trea(¢d as n Jsingl¢ s_~c::ics'. F.islling. effort was measured ht terms or number 
of fishirtg trips Standard fishing effort was catculnted by using the Jm><:edtttc ouHh1ed in Appcudix 2. 1'hl.} btHnb¢0 
fishing trap (bubu} was selected as the standitrd fishing unit because this. type of fishing unit is. 1\idely u5¢d by 
fishermen. The cnlculated catch. stmtdard fishing effort: .nud C!1lch ~r tHlit elrort ate pre$cnlcd in Tt~blc l. 

The average costs offishi ng. effort of lhe hulm .fishiiJG traps ht riverine and swamp fJsh¢ries in South Sumatn\ ate Rp. 
2,973.57 nnd Rp .2,631.48(Tnblc 2}. th~ rtVcrttge prif:~ of f"cshwu(ct tish in the mnrk~t is Rp.l,935. Av¢mg~ ptlces 
at the producers lev¢( Me .Rp. lt215.00 (riverine fishery) nud .Rp. ),12 5.0() {swamp fishery), 

Results und Jli$CU$Si1m 

The production. funcUon models fur the inland fishery it1 South Sutnntr~ with rcspc¢t H> different b'J:le$ or rcs()Ut¢~ 
were cstintat¢4 by linear rcgrcsshm (Table 3) .The~ r¢$UJt$ q')Osist of four P<JS$ible JU<Xfels; te •• SchMfer and Fox 
models wlfh ( 1) or without (lJ o time tn~nd. All th~ ptOJ>Q$¢(1 mOdels nt¢ brt$ed on th\! ~ts$urnpUon that th¢re, 1m~ two 
different types of infaud fishe)')r resources ht South Stutlafta1 namely. riverine and sw;tmp fishoriest 



Tnble l A:v~ragc c~lcntptcd ¢.'ltd\; stmtdntd fishing !.':frort 'f1hd catch per \lOU ¢ffort ofint~nd 
fishery ill South sunmttn. lndoncsin, l 979 .. 1994 

".Riverine Swame~ 
Year o~tch Eff6tt1 OPUE cat~h enort' OPUE 

ltOhl. {triel (kgttrrel {ton}_ {triQ} {kg/triQ.L. 

1979 19.226.90 7,968,7~2 2A1 a.aea.ao 4,640,975 1.91 
1980 20,245.20 9,767t4SO .2.07 11,793.50 4,787 t623 2.46 
1981 24,934 .. 5'0 t2.a4e,2so 1.94 12~3ao.ao 7,573,61 a 1.63 
1982 22.800.90 101658.653 2.14 1S,165.70 6,$97.145 z.oo 
1983 ~2,753,10 9,180,946 2.46 1a,Ga1.eo £},842,005 1.99 
1984 22.69L50 a,aM .. as1 2.71 13,515.30 6,131.566 2.01 
1986 23.344.60 7,057,137 3.31 15,074.50 4.567.570 3#31 
1986 23,922.20 5,933.17& 4.03 15,9S3.60 4,8021313 3.33 
1987 24,180.40 4,878,222 4.96 16,429.60 s.sse, 133 2.BO 
1988 24,489.90 4,986.?2.2 4.91 15,606.20 $,830.128 2.28 
1989 23.696.20 5,233,669 4 57 14t164.90 4,785.324 3.09 
1990 22,8$2.80 8,153,180 2.61 fS~i27AO 5,135,903 2,64 
1991 231186.70 $,804,116 3.99 16.489.10 4,92S,004 3.35 
1992 21 r56S.OO 4,082j.591 5.28 18,094.10 ~,9~3A35 (L04 
1993 f~t072.00 Z.G18.949 13.43 19,409.70 ~,t53t145 9.01 
1994 2?.248,80 4,017.995 5.54 191130.40 3,346,192 s.ss 

Average ... 22Jf~.. 7,009.'791 .... 3.84 15,003.34 . • 5l197,666 ~_.,,.... 
Source . BtJSCd on dtlln from Fisheries Scrru.~~ or South Sumatrn (WltiO\lS ycMS} 
Note J) Effort. is a !itnndl'\rd fishing effort hl terms or bulm Oshiugttap 

2) Swnmp dahl consJSIS or S\vamp tmd lnke fishct}' do til 

Tnbfe 2. Cnlc-ulnf~d costs oflisltlng eJTort by bamb\X> fishing trnps (hubtt) in different f)'J?¢S 
of r¢sources 111 South Sumnlra 

Type. ofcosts Riv¢rin~ · ·Swamp 
___ . ....,._......,......_.........__.....,.... .......... __ ...........,_~-,....J!!!Jl!!!h) (ntpinh) 

Fixed Co11ts 
Depreciation Of Cattoc/boal 26.20 103.11 

(0.88.) (3.94) 

DcprccfaHon of gc.1r ljJ84.2l 936.00 
(39.8Z) {35.57) 

Lease of resource l3L58 266.61 
(4.42) (10.13) 

Vuriilhle Cf.i~U 
Oper~tting costs (bait and food} 631.58 325.00 

.11-jj+..y (1.,1.2.4) {12.35) 

Labour 1,000.00 1,000.00 
(33.64) (3$.01) 

Total costs ').,91'),57 Z,63JA8 

~g cross;S.e<:Uanat'$utv¢y io94 
(100.00) . (100.00). 

NQl~ · Vnlues in purcndiescs nr~ percentAges 



Table 3. Regrtsslon r~sultsof$Clc¢tcd model in ¢nch WJ>e ofll.$h~ry rQ~Urce iil South 
Sumattfl 
~·- -·" ~1 o Ct. e 1 s ,..: 

OcscripUon 
'~~t~ 

Scltaefcr-.t schncfer--2 f'os .. t · Fcix.-2 -
R-squarc <adj~tstcd) 07091 0 1$1.() 0.9184 0.8516 

Effort 1' ..{l458'10fMm ~o 6ZVl6B~Ou ..o.J UG 1 r~ .. o6 .. o . .1 s9ove..r,6 
(.-5 207) ( .. 8.923) ( .. 8J93) ( .. lJ.98) 

DESWLK:l' ..CJ.2115~B..06 ..() 1371)1!-06 ..t:t7snsa~o7 .. Q.O.Z~5Jf! .. 07 
( .. 4 825) ( .. ,5.619) c~~t436> (•6.208) 

T'M 0.12500 () 3472213-.0 l 
(2 19(J) {4.971) 

Constant 6056? 8~149 176~2 Z389$ 
c6 sun (Jb 1.7) 02 .. 14) (~4.70) 

Values tn pnrcmhcscs me t"\·llfm:s 
l) Stnndard fishing emm m terms ofbmnb<lP l1s1Ufl;§ tmp (bubu) 
2> Duulmy vari:~bfo ror slop¢· of .fishing effort rcprcsenliug swamp fishery 

10. 

The surplus produ<:;Uon mod¢1 tmphcHh) us~mncs Uutt ihctc i$ no chnug(!: ill Ul¢ (;tlvirooment, uud U1,tJ tb~ f®d $!ippJy 
rs limited SO thnt the l!OC>:ploltcd fish. StQCk HlCtCU$CS tOWMd the inmdtnUtn G{Jtf)'iU~ cap~lCUy of U)~ ~mv}r(jf!Ql¢nt. ft) 
tht: inland capture fishery system. I:!OVironmental chnngc nrrccts tlJe. food supply ftnd. her\co lhc maximum fish $l(X:k 
changes. Fishfug mcmafity is proJ>Oiitonnl to cmm. wluch met1surcs the number Qf trip$. per y~nr over th¢ pedod ·J 979 
to 1994. Thir; means thru.lh¢ cntehabthty coefficient HtllS ft funcUQH of time. Jn the surplus prtXlucUon mO<lcl, ~te 
catchability cocffici,mt is assumed to be consi:UlL Thcrqforc, Sparrc ~n1d Vnnema .( 1992) sugge~ted th¢ t:t!l~ ot$horti! 
scncs dntn instr:ud of longer datu. l'n contmst, for beUct csUmaUon result$, longer $Crtcs pf d.fJtn ttr<: dc$ifr.bl¢ to 
preserve os muny degrees of frt;cdom us po.s5tbltt An nllr:tnalivc vulue for 'q- is tnk<m into account by mtr()(}ucioe ·Il 
ttmc trend as shown by l.htJ variabl¢ TM 

Alllhc c&(imat~ ~<>¢fliciculs or the proposed models arc highl} 'ignincam, and CQtlfotm to U1~ir e."~ct~ t~igos. TJ1r 
Judgement or *h<!st fW ror each ptO!)()SGd model~ bnscd on the vnlue or ocljust.cd. R"s<tuare iudiC(1te lh~t Fox models 
provido better pcrformtmcc lha tt Schaefer modpls. 

Jn both mod¢tS, h1clusJon Offl Umc ttcnd improved ShllJ$tiCal pctfornumce Howcwr, f~nhcr ~nalysis wm i!Qi)$ider 
only the first model$ or ScJu:tcfcr and Pox, '!his is because th~ stH1'lu8 produr;:UoH nH:>det$ implies thm l¢¢lmoJogf<tftl 
change does not O(;QUt. 

Even though Ule cSthnnted rcsultslndir;atcd goQ!J p¢tformnnce by lh~ models, it. hU$ h:> bfl. ne>ted' thn~ tl~e Jissumption ar 
zero rate or ctumgc hl bioma$s oH y~M nud of exnct. indeg of rclnUvc obundlln~ ln tlmt a surplu$ prooucHon mO<Iel 
may not be bi(llogi.caJJy correct (Hilborn lllld \\fnltcr$. J092). ~ro (.Worcomc $nch a r•wtcm, vadpus fiPProach¢~ to 
esumaling model parame.tcrti hnve been susgested by J>olaehcck et a/. (1993) J!Ud Llll® 099~), such tis ¢1rort• 
averaging methods,. prbcQs~-¢rror ~sUm:tlors. MJd .obscTvaUcm ~nor c~tJnuttors. Wi.th regard t<> tb~ Itatute Of Jh¢ 
biologirr,J m®cl or the fishery, .a~tck tmd John 0991) tiu~g¢$lCd ntt csUmatioJl pr~tdU«~ wJdcb comblu~ tbe 
methods of m~ximum HkeJih()Qd Mid the KttbtUHl Oller. HoW~W¢f, dd$ $h.tdy wm nof. (Ufi¢pss nlJ Ole su.sse$Jcd 
rnc~thods. 

Equilibrnuu pohlt$ tot the F<>X.. nttd Schaefer: to®¢1s and QCtuttl capwrc ttV¢tng¢s nr¢ pres¢ot~ Jn 1:abJeJ 4 and .~. 
rcsrx:c.!lvcfy Both tll®Cl$ ~t<;fJ~~me dmt the lnltmd et~pturc Ji$hCI}' in ~QUlh StUUfiWJ during.the ~ri¢0 Qf $lUdy .fr~ a 
problem of over,..fi$hlng Jrv~uboth th¢ biological and economic p<:rspectlves. This js d¢tnonrdtate<f. by tht ta¢t that 
actual uvcrogc effott Is beyond bofh MSY .and MSY level$. 
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Wilh respect to the Fox 11l0d¢l (Tnbl¢ 4) the ~UY nrt<l MSY lw~l~ or <:ffort of: the tiv9riUc fl$hccy ot¢ te~J)«tiv~Jy ~$3 
and 89 per cent of (IChUtl O-V¢ntSQ ctTon during the ~tiod or $ll!dy. Tho so ti~;,Jttre$ impJy thal nvcta~c h'!vcl Cf effort 
must be reduced b~· 4 7 per cent in order to rcnch Ml~Y nnd by 11 JX'r c<:M to t<:nclt MSY. HowcWQt,. the av¢raut} hw~t 
of effort iS 25 pet C¢tn belOW the hWel' Of open !I(:¢CS$ (f) e). 

Table 4. Cnlculmcd t!flort, Ctl(ch, totul cost. rcvc•n•q Md prouts lmsc::d on ttox model in 
difltmmt fishery r¢sourc¢~> 

~~ 

H¢vcmic Dcs<.ri ption Errort Cnlch 'l'ot11l costs Pro tits ____ .. _,_ ~lrtp)_...__,.... . (kg) ,. _QpllliOf) l"l!·) . !mHiiou !J?·l Cmilllott n1.) 

nh·cf'inc 
MSY 6.2SU,19l 25.mn.s17 l8,5U5.1J7 30,414.43. 1.1.888.46 
MEY 1/711,,069 22.155.805 l J.U:l5J2 27.16210 l6,l27. 18 
MScY 4~315~81JO ~j, 700,858 13,01~.01 28t796,.s.:. 15.784.53 
OE 9.~41.089 22.8tH.lJ9 l7:116.3R 27t776 38 0.00 
BES ll.90l,Z45 l9.~:H~SR4 23.49UW 23,491.88 0.00 
Actual HVCHlgc~ 7 ,009.7!)7 22! 744t()70 20,844.lZ Z7,634.71 6;790.65 

Swump 
MSY 3,964.463 15.908.766 10.432.4!* 17,897.36 7.4G4.96 
MEY 2.405,076 14.302.334 6.328.91 16.090.13 9,76 .. 1,22 
MS~,;Y 2*875*783 l5tl86.92l 7.561.r.1 1:'7!085.29 9J5l7.72 
OE 6.104,228 14.2?8.360 1CJ,U6t l5 l6.063.l5 ().00 
BES 7 . .'199,475 ll ,600.8'14 131050 98 13~050.98 ()0() 

Ai..llllll UVCJ'ijf~C 5,191,68() 15.oo:l.3·tn 13.677.61 16~878.76 3,lOl.lS 

Table 5 Cttkutnrcd. offorl. catch. lowl cost~ revenue ond profit bused on Schncf¢t model iu 
dHrcrcut fishery resources. 

...... ~'•••r:-~·::''','"<~~~~ 

TotnJ costS' R¢VCJIUe 
"""' .... 

Dcscnptton Eflott on~h Profits 
-'"'·· ,,tripl (kg} • ~IUUJionrp.l !rniiliotl rv·l (iltillion fi'·l-

Ith·crinc 
MSY {)~60(1.881 21.4(>1.804 19.64u.O~~ 33,373.38 l3~727.3·t 
MEY 4,66t~236 ~5,088,151 13,863.49 30_48Z.l0 lt$,618.6~1· 
MScY s.3JG,U5 l6.4l i)~$6() 15,80S.lJ 3~.090:11 16;291,63 
BF 9,324.47Z ZZ,820.5S2 27.7l6.97 2'1.126.91 0,()0 
BE.S 10.632.429 17,270.653 20,983.84 ~Ot983.84 O.Qtl 
Avcmgc 1;009.791 2il144t610 ~0,844.U ~7,634.17 6;'190.6~ 

Swnmp 
MSY 4,S02,l3l 17,885,891 0,320.91 ZO,Ul.63 8,SOO,Go 
MEY 3.o:lSJ54 J 6,336,l6Z 1108B.1? l8,l78.4l 10.389.62 
MScY 3i46l,69S 17.203 ,no 9,109,.39 l9.3$3"?'4 10.244.35 
BE u .• J 83~767 14,464,40.8 16,·272.46 16.212.46 o.oa 
BRS 1 .• 103.589 J0.3o t.u57 ll;S89.36 ll,589.36 0.00 
Avcrngc .5.1 97j686 .15.003.340 Ul>7'7.6J J6.8iH.16 3,lOL 1~ 

In terms of cutch, the nv~rn8Q hl$h'.idcaf vnlu~s tmd the (lptimnl wfuUony;dtJes ure not $ig,tfr.eandy different •. The 
actunl ttv~mtgc figur~ is. 9 per cem l)chHv MSY, but It is 2 pt:t cent AboVe MJSY; An espml.sion pf ~ffort f() tb~ level ot 
open occcss will ndd only OJ per c~m tu th!'J cmch. 



l2 
Fuuwclnlty, the J)Q~SiblQ prof'Hn which cnn be tf.if1¢hcd with th¢ opthnnJ $QhttioJ) tU Ma.Y 1\hd MSY nrc llp. l6,127llR 
ond Rp. tl,H8XA6 mnuons.rcsp~cHveJy. IJowcv~r, t<!ducUolt fn cffrnt imt1Hcsthnt. flshcmt¢n hnvc m.b¢ forced out of 
fislung This kind of dccfl!ion is noJ populnr or conunonly Ulll)llcd to lilnilU~sc;nlo fishery. ApJUOJ,rhH¢ pPiicy ncti<>Jl~ 
m small-scnle fisheri<:Ji mny b~ to set the <)bjc:cliv~. of MScY in whJch n potential redn~ttion h1 elfoH i.$ h!$5 nmo MaY. 

The case of the SWIHllJ) Oshcry ls SinlJIM tO thllt oflhc fh'Ctiflt} fishQJ)' .. ''thQ AY¢ti1B~ hl$(Oricnl cffotl Jlltl~t b4• r~n~ 
by 54 per cent m order lo r!!nch MaY nnd hy 24 p<:r cctH to rcnch MSY. 1'he reduction In ¢1T9t1 to r¢ttch MSY wilt 
mcrcnsc the cxp¢ctcd sustnwnble cllleh by lO t'Xlr ¢¢1H but fut~bGr r~ducthm in effort to rcnch MEY will dl!¢rcnsc the 
&ustuinablc cntch by z 11~1' cent, rhlnnchtllyl tlJ'l1lylns the opUmnl soh!lit)U siguificnniJy hlcrctl!iC$ f)QS~Jble profit$ 
dcnvcd from the lish¢l)' 

rhc optunul solutmus from the Schnercr nnd 17oN. modo Is nrc similar, However, the Schnefcr model tdl<nvs 11 toJntivoJy 
h1ghcr level of cnorf than. docs the Fo~ modeL Jn the riverine flshcry Jh~. Schncfcr modcJ ll¢rmits respccUveJy l ptr 
ccm. 2; per cent nnd 2n per cc1H h1ghcr lcH-:l or cmut nt MSY, MBY ond MScY tlum wilh the P'o~ model. This 
amp he, rhat the n:duclion in omm ne~c~sot"Y to roach lh~ optillwlsPJulion Is hiuhcr wuh the J~ox: model ihnn whh th~ 
s~hncfcr model. lh.)\\C\~r. the, Fo:~ model produces nn tlll:'.:n occcss h~vcl or ctTon hit!ll¢r UliHI the, Schncrcr model d9¢s. 
The Schaefer model produces higher pronr cslimntcs from the riverine fishery Uum lho rox model. 

TullllnccumulttLcd profits dCtJV(,!dftom I he riverine fishery by OJ)I)Jying tho Schm:fcr model nrc 13-721.34. l6,6l8.G4 
and 16,291 ,63 million .rupiah MS~', t.,'iJ~Y nnd MScY. rusp,JcUvcly. In the bWilnlJ> fishery, th~ po$Sibl¢ profim nrc Hp. 
8,800 66 (MSY), RJt Hll38r).62 (Mll\') lllld Jlp. 10.244.35 (MScY) milHPilli rupitlh. 

Thc:sc results suggest thnt nutn:tgcm~:tl \lpllons should b¢ int.mduccd hl the inhmd capture fishery Ju both types or 
resources in ~outh Smuntrn. to nvoid ~~grmhll ion. oflhc rc.s.ourc<!s and poHmtinllosses nf resource t9nl 

Conclusloru1 

Economic bcnofits from Jhc m:mnscmcnt of the Jnlnud cnptutc fishery cnn bQ men$uu;:d ~Y *'J'l?lyiug the surplun 
production modeL Annl)·sis ot recent dtltn on fnlnmJ copturQ fishery in South Sumntm indl¢ute thnt the J1shcry Ms 
been blolog1cnlly nnd cconoiJlicnlly ovcr~fishcd. This com:Jusion ib supported by th~ rue~ Ulat averuge fishing cmm is 
above the Stlst:thmblc t>olimlioJ of I he tct;omcc nnd tho pot<.nlinlprofils. 

The evidence of over .. Ushiug suggests Um need for further study to extend the tmniHIS Mld delcrnHnc \he type nntt 
level of mnm1gcnwnt otnlons which mny be npptopriotely npplic.d irt th~ South Sumntm iulnnd fishery. 
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Appendix 1 .. Averageannu:ll data ofuni~ trip 3Ildproduction by fishing gear operated in inland iish ... "lY inSouth.SumaL'C!, IndO~ 1979 -1994. 



Appendix 2. l,roccdttrc for stnndnrdlslng fishing effort 

Suppose we hn,'c di!tcrcnt types of 1 •. 2, 3 ... N fishh1g unit$ 'fhc toU•t c:Hchcs of cm;:h .fishing unit are 

catch·l. cutch·2l culch"3 ... <:atch. .. N, ThQ corresponding efforts tno cltort·l, ctrott-2f cfl'ort:..3 ... ctJ()rt·N. 
The CPUE·i t¢prcS¢111>1 th~ r~lt:h pet unit ofcflort offi:;hing g¢Ufo.L 

Let fishing unit ... ) til chosen tiS th¢ stnudnrd f1shi11g lHlit in the iill;md fishery, them the total effort tan be 
cnlculntcd b~! the following J>ro<'(!(ture. 

em· ·t· CNlSt (Effi . l., 
c otN e CPUE, ~ ort· ). tl:';:l 2~ :lt ... N. 

TouH U!forl e:1 Ulfurt ... J + •·1: Etrort-tl 

The total catch is cnl¢ttlntcct by stunmiltg un tornl fish r.nught by th~; sttHJdard fishing unit and other 

fishing units, 

Total Cntch ~ Cntch (strmdard) + Z cnt¢h•t 1 

The cruch per tHiit crtort of sltludntd fish!ng is enlcuintcd as folloW$, 

CPUE .~ Tot at Catch 
Total Effort 
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