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co. I NJI'ICE: '!he project that is the ldJject of this Ieport was~ by the Gc:JIJernin:J
Board of the Natimal Research O11n:::il, 1IIItxlse DlfIIbers are drawn frail the oo.n::i1s of the
Natia1al. AcadEmy of SCierx:8l, the Natia1al AcadEmy of ERjineeriJ'q, am the Institute of
Medicine. '!he lIS.iers of the exmnittee respcl'Eible for the upcn:t were c:bJsen for their
special~ am with regard for awzt:priate balaJ'al.

'Ihi.s Ieport has been reviewed by a groop other than the authors a<x:lOI'din1 to
procedures~ by a Report Review CcIIInittee 0CI1Si.stin;J of DlfIIbers of the Natia1al.
Academy of SCiEn:&J, the Natia1al. AcadEmy of ERjineerin;J, am the Institut;e of Medicine.

'!he Natia1al. AcadEmy of SCiEn:&J is a private, rapIofit, self-pm:petuatj.Jq society
of distirguished scholars esgaged in scientific am ergineerin;J research, dedicated to
the f'Urt:heran::'8 of sc~ am tec:hnology am to their use for the general WBlfare.
Upa1 the authority of the cbarter granted to it by the O:bp:ESS in 1863, the Academy has
a mamate that recpires it to advise the federal. gcYeLJiI&lt em scientific am tec:tmical
matters. Dr. Frank Press is president of the Natia1al. AcadEmy of SCies'DIB.

'!he Natimal AcadEmy of ERjineerirq was established in 1964, umer the cbarter of
the Natia1al. AcadEmy of SCierx:8l, as a parallel organizatiem of c::utstanding ergineers.
It is aut:.alancus in its administratiem and in the selectial of its DlfIIieIS, shariJ'q with
the Natia1al. AcadEmy of SCies'DIB the respcl'Eibility for advisirq the federal.
govenunent. '!he Natia1al. AcadEmy of ERjineeriJ'q also spa1SOrB ergineerirq progI2UI&
aimed at meeti.n.J natimal needs, ElI'XXAJI'ageB educatiem and research, am reooguizes the
superior achievements of ergineers. Dr. ROOert M. lIrlte is president of the Natia1al.
Academy of ERjineeriJ'q.

'!he Institute of Medicine was established in 1970 by the Natimal AcadEmy of
SCiEn:&J to secure the seIVioes of eminent Jl!A'l'b::trs of awIcpriate professialS in the
examinatiem of policy matters pertai.ning to the health of the p.Jblic. '!he Institute
acts umer the respcl'Eibility qiven to the Natia1al. AcadEmy of SCiEn:&J by its
ClagIessia1al. cbarter to be an adviser to the federal. gcYeLJiI&it am, up:n its own
initiative, to identify i-neB of Edical care, research, am educatla1. Dr. &maE' o.
'Ihier is president of the Institute of Medicine.

'!he Natia1al. Research O11n:::il was organized by the Natimal AcadEmy of sciences in
1916 to associate the broad CXIIIILDlity of science and tec:hnology with the AcadEmy's
p.trposes of furtherirq krIcIiIlEd}e and advisirq the federal. gcYeLJiI&lt. Functia'ling in
acx::oI'dai'al with gE!ll8l"'al. policies deteImined by the AcadEmy, the 011n:::i1 has tecal18 the
prin::ipal qmating aqerc:y of both the Natimal AcadEmy of SCiences am the Natia1al.
Academy of ERjineerin;J in providin;J seIVioes to the gcYeLJiI&it, the p.Jblic, am the
scientific am ergineerin;J CXIIIILDlitles. '!he O11n:::il is administered jointly by both
Academies and the Institute of Medicine. Dr. Frank Press and Dr. ROOert M. lIrlte are
chainnan am vice dlainnan, respectively, of the Natia1al. Research O11n:::il.

'lhese prooeedin:Js have been prepared by the Board em science and '1'Ed1oology for
Internatia1al. Developuellt, Office of Internatia1al. Affairs, Natia1al. Research O11n:::il,
in oocperatiem with the Natia1al. Research O11n:::il of the RepJblic of Indcmesia, for the
Missiem to :rmcnesia, u.s. Jtqerr::y for Internatia1al. Developuellt, umer CD1tract No.
ASB-0333-L-OO-5161-QO.

~ies are available frail:

Board em science and '1'Ed1oology
for Intematia1al. Developuellt (tlSlW)

Natia1al. Research O11n:::il
2101 OJnstitutiem Aven..Je, N.W.
washf.n:Jta1, D.C. 20418 USA

Residents of :rmcnesia shalld request copies directly fran:

Natia1al. Research 011n:::i1 (IRij
Office of the Minister of state

for Research and '1'Ed1oology
Jl. veteran TIl, P.O. Box 3761
Jakarta lalla, INIDm)IA
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In 1986 the Natiaal Research cameil of In:lalesia (IEN) invited
the Board 00 sciera! am '1'E!d1oology for Intematiooal. Develqnent
(OOSTID) to join it in spcI'lSOrin;r a workshcp 00 the develqnent,
management, am utilizatioo of In:lalesian marine resa.u:'OeS. As a first
step a small steerin;r cx:mnittee representin;r both the united states am
In:lalesia met in Jakarta, November 18-19, 1986 to draft an agerda for
the worKshq> am to detenni.ne the 2g)l:q>riate U.5. am In:lalesian
participatioo, presentatialS, am bacJ<gra.Jnj materials.

'!he workshcp sUlJlnarized in this :r:eport was held in Jakarta,
June 23-26, 1987. It was designed to facilitate the exd1an;Je of
infonnatioo am experiera! pertinent to developin;r, managin;r, am
utilizin;r In:lalesian marine resa.u:'OeS; to identify short- am lcn;J-tenn
cx:mnercial prcx:1ucts to se:r:ve as raipetroleum exports or inport
substitutes; am to develop a plan of actioo in three a:r:eas:
oceanography, livin;r resa.u:'OeS, am mineral resa.u:'OeS. Natural
:resources-both renewable am oonrenewable-can be reoove:r:ed fran
In:lalesia's vast expanse of seas (62 percent of its territo:r:y) am used
to :irx::rease the p:r:osperity of the In:lalesian pecple. Particular
attentioo was given in this workshop to the imustrial potential of
these urrlenItil.ized marine:resources. 'Dlese:resources rarge fran the
infonnatioo needed to predict climatic d1ar¥Je am basic ocean
productivity in In:lalesia, to in::rea.sed ha:r:vests of such culmxli.ties as
tuna am shrinp, to the gold am other valuable minerals that exw.d be
reoove:r:ed fran offshore deposits.

In preparatioo for these dj SOJSSicms a backgra1rrl paper was
prepared by Dr. Dirk Frankenbez'g, director of the Marine sciences
Program at the university of North carolina at Olapel Hill am chainnan
of the U.5. National Research cameil (NRC) panel (AI:Perrl!x A). '!his
paper was ci:r:culated to all members of both the U.5. am Irrlonesian
panels.

'Dlese activities were one activity in a larger p:r:og:r:a:m of
cooperatioo between OOSTID am the Irrlonesian goverment. Begun in
1968, this prog:r:a:m has featured a series of workshops 00 food policy,
imustrial am tedmologica1 research, natural :resources, roral
productivity,~ plann.i.rg, marine algae biotechnology, :role of
biotechnology in agricultural develqnent, steroid~ as
oantraoeptives am dnJ3S, am develqnent of a sciera! am tedmology
infonnatioo system. Ia)'I'ID's participatioo has been SUWOrted in the
oart:ext of a sciera! am tedmology loan fran the U.s. k:]erq for
Intematiaal Develqnent to the gove:r:nnent of Irrlonesia. '!he current
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two-year pzocp:am with flSl'ID calls for a n1D!her of activities (pmel.
disolSSioos, workshq:ls, follow-up activities, or small advisory gra.1pS)
to be organized eadl year.

(R;ANIZATIQ{ OF '!HE UU(SIJ)P

ihe organizin} oamdttee for this workshc.p was chaired by Dr.
Kasijan RanindItarto, head of the omter for ooeaoologica1 Research am
Developnent, Irrlonesian Institute of SCierD!S. His lIIe1oani.rg remarks,
which were mede at the workshc.p' s openirg session on JUne 23, are fwrxi
in~B.

Dr. Didin S. sastrapradja, dlahman of the lNOrkshop steerin}
oamdttee, am vioe-dlai.nDan of the Ird:nesian Institute of SCierD!S
am assistant (II) to the Minister of state for Research am
Tedmology, then fonnally oawened the workshc.p in plenary session
(~ C), follCJWi.rg remarks by Dr. Dirk Frankenberg. ihe Ib'm:able
Paul WOlfowitz, U.S. ant>Msad:>r to Irdalesia, CC''''Ellted em the
inportan::le of marine resooroes to 8r¥ cnmt:ry with an ocean baIrmJ:y,
am to Irdalesia in particular(~ D) •

In his keymte adh'ess at the openirg sessiem, Minister of state
for ~tiem am the Envitamsut &nil. salim stressed that althc:ujl
the role of marine resooroes is of strategic inportan::le to Irdalesia,
use of these resources JD.JSt be based em the CXlIOept of sustainebility
(~ E). He urged that reoililedatioos prodIJOed by the workshc.p
fcx::us em pzocp:am priorities, researdl am developnent needs, am
merpJWer developnent.

Part I of this zeport BlDIID3rizes the OCIlClusicn; am
:I'eOililedatioos that emezged durin} the foor-day workshc.p. Papers
prepared for the workshc.p are fwrxi in Part II. I:Urin} the workshc.p,
participants broke into three lllOrki.rq gra.1pS, which addressed (1)
0003l'l0gl:'8Ii as a key to envirallEnt am resooroe prediction, (2)
liviIq :resaJrOeS, am (3) mineral resooroes. ihe upnts of these
lllOrki.rq gra.1pS are inclu:1ed in Part III of this zeport. FoIICJWi.rg the
lllOrki.rq group sessioos, a special plenary session was oawened to
CXlD!1ltrate on 1II3IlaCJEI1EJit iSSlJeS that emezged durin:J these sessioos.

On JUne 26 the OCIlClusioos of the three lllOrki.rq gra.1pS were
presented by the dlahman of eadl group. ihe workshc.p was then
officially closed by Dr. sastrapradja. ihe workshc.p aqerda am a list
of participants are inclu:1ed as 19:1en:lixes F am G of this ZEp01:t,
respectively.

'!his workshc.p ZE!pJLt was prepared by Rose Bennigan of the flSl'ID
staff usin:J papers written by the Irdalesian am NRC workshop
participants. ihe papers, edited to eliminate duplication, accurately
reflect the disolSSialS. ihe final draft was reviewed am awraveeI by
the JJleIIhn:'S of the NRC panel am the Irrlonesian organizin:J am steerin:J
cxmnittees. sabra Bissette I.sdent, ElSl'lD CXI1SU1tant, edited the
ZE!pJLt.

Participants wal1d like to ackoowleQ]e the valuable CXI1tribltioos
of the workshc.p's organizin:J cxmnittee am its dlahman, Dr. Kasijan
RanindItarto, to the final arrargements for the workshc.p. '!hey wal1d
also like to thank the members of the workshc.p secretariat for the
excellent organizatiem of the workshc.p. ihe secretariat was UB:Jer the
supervision of Dr. Kasim lblsa.
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PARI' I

Executive Slmmal:y

.-





Inblesia is an ardrlpe1agic cnmt:ry oal\X)SE!d of 1lDre than 13,000
islams, with a lam area of al:nIt 1. 9 million ~. '!he ocean area
oa'ltrolled by Indalesia as a result of the extemed jurisdicti~
praY'ided by the raw of the sea cawention is aver 3.1 million , or
62 percent of In:ia1esia' s total area. Marine rescAJrOeS are a major
c:xxrt:rihItor to the nation's develqmmt. Injeed, offshore deposits of
petroleum hydrcx::arlx:rl am tin have already made sudl a c:xxrt:ribltion.
other marine rescAJrOeS sud1 as fisheries am sam am gravel ac:RXegates
praY'ide small export eanrln::Js as lIIe1l as local food am J::W.l<:linJ
materials.

'!he full potential of In:ia1esian marine resources is IXJt yet
kmwn. 'Ihus, this workshc.p was designed to assess how DIJCh is
presently kmwn al:nIt marine resources, identify those with the
greatest potential for develqmmt, point art: CCI'lStraints that might
limit their develqmmt, am reoc iiilem actioos that might averccme
these CCI'lStraints.

'!he level of kr¥Jlrlled1e of In:ia1esia' s seas differs greatly anx:n;J
fields. '!he enoJ:1IDlS biological diversity am productivity of these
seas has SUWOrted both scientific stuiy am fisheries for 1lDre than
300 years. CDlsequent1y, the biological resources are best kmwn.
Exploitatioo of offshore petroleum am tin rescAJrOeS, as lIIe1l as reoent
ac3demi c interest generated by recognition that In:ia1esia' s geological
~ was created by the interaction of six lit:.hosPleric plates, has
resulted in a growirq natiala1 am internatiala1 E!JIIi1asis on Inblesian
geology. R:ooIrlled1e al:nIt the IitYsical am d1emical dlaracteristics of
In:ia1esia's seas has lagged behi.ni biology am geology, however.

In the late 19508, Klaus Wyrtki. ocn:lucted piooeerin;)' stlxlies that
deno1strated the reversin;)' seasala1 flCMS of surface currents
associated with lOOllSOOIla1 wime, the strorxj density disoontinrlty
across a permanent thenoocline at a depth of 100-300 m, am a oarplex
pattem of deeper water mass distrihltion~y originatirg fran
different areas of the soot:hwestem Pacific ocean. 'Ihi.s general
picture has been filled in sfIre Wyrtki.' s stulies, bIt it has IXJt
c:haR]ed greatly.

'!he two days of di SOJSSioos by the three worki.rq gra.JpS­

~, livin;)' resources, am mineral resources-resulted in
8UI1IDaries of present kr¥Jlrlled1e al:nIt In:ia1esia' s seas as well as
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cxn::lusions am reo IIIIedatioos abaIt the potential of specific
:resa.D:'08S. 'l\«) lci.J'm of cxn::lusioos am reconll'edatioos were prodIX*!
by the worJd.n;J gra.1pS: (1) general cxn::lusions am reo IIIIedatioos
with Wich all the worJd.n;J gra.1pS 0CI'D.IrreC1, am (2) resan"Oe-specific
cxn::lusioos am reo IIIIedatioos that differed for various cx:mtOOities.

All three worJd.n;J gra.1pS cxn::luded that Irrlonesia' s Exclusive
F.c:lorDni.c Zale (EEZ) OCI'ltains :resources that exw.d be develc:pd to the
benefit of Indalesia am its peq>le. '1hese resources rarge fran the
infonnation needed to predict c1:iIDatic c:han:je am basic ocean
productivity in Irrlonesia, to in::reasecl harvests of Sl.1dl cx:mtOOities as
tuna am shriIrp, to the gold am other valuable minerals that exw.d be
reoaverecl fran offshore deposits.

In all cases the gra.1pS pointed to the lack of knowlecqe abaIt
Indalesia's ocean~ as a calStraint to realizirg the potential
of these:resaJrOeS. It was thus Z'eC'ililet'XBi that ocean resean:::h
cart:inue to be expamed both within Imcnesia am t:hrcu:jl QOq)erative
projects with Irrlonesian scientists am those of other natioos. 'D1e
worki.n;J groups also agreed that~ develqment progLams shalld
cart:inue to be eqilasized. 'D1e livirg :resources group, however, felt
that this sha1l.d ocx:ur lOOre at the high school am tedmical levels,
Wile the mineral :resources am oceaI'lCXJLClIi groups felt the focus
sha1l.d be at the college am postgraduate levels. All groups agreed
that Irrlonesian scientists sha1l.d cx:ntinue to be sent abroad for
advalred trainirg. '!his was particularly reo ililemed for those
umertakirg IilYsical am dlemi.cal~c stuties.

worJdrg Gralp on~

'!he oceaI'lCXJLClIi worJd.n;J group cxn::lOOed that knowlecqe of the
IilYsical am dlemi.cal aspects of Irrlonesia' s seas wa.U.d be of
significant eoonanic value, especially to agriculture, fisheries, am
talrism. '!his value wa.U.d be realized by develq>irg the ability to
predict cl:iIDatic c:han:je (particularly dralghts) am the~ic
production rates that suwort marine fisheLy food chains. '1hese goals
can be achieved by

o an:ai.ni.rg full Irrlonesian collaboratial in intematialal
scientific efforts relevant to Irrlonesia' s seas.

o M:Jni.torirg features of Irrlonesia' s seas that are relevant to
c1:iIDate am its prediction.
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o Ca'ductin;J J:1eseardl em the IitYsical basis for~c
productioo. .

o stmyin;J the IitYsical am dlemi.cal proa?SSeS involved in the
di spp..rsiem of waste materials in nearshore areas.

'!he plan of actiem for ac:hievin:J these objectives was develq8i in
terms of Repelitas IV am v (Irrlonesia I s five-year naticmal. develqraent
plans). For the :t"E!llai.mer of Repelita IV (1984-1989) the group
LE!CXililemed full Irrlonesian participatioo in the Irrlonesian seas
'Ihra.1gh.fl.C7A' Experiment (INSTEP) am develqraent of a plan for
experimental sb.dy of the IitYsical basis for~c productioo
in Ima1esia I s eastern seas. '!he gra.Jp also reo ililerrled that five
activities be umertaken durin:J Repelita V:

1. !b'li.t:ori.n;J the flC7A' between the Pacific am Irdian oceans
thr'cu;#1 Irdalesia.

2. !b'li.tori.n;} the heat ocmtent am t:heJ:1oocline depth in
In:XIlesia I s seas.

3. !b'li.t:ori.n;J the sea surface t:etpera.ture of In:XIlesia I s seas
thr'cu;#1 satellite technology to be develq8i by the Naticmal.
Aeralautics am Space Institute (IAPAN).

4. !b'li.torin;J pollutiem levels am djspersiem patterns in
selected coastal regicms.

5. Developin:J a capability within the staffs am facilities of at
least ate Irrlonesian~c center for 1OOdel.in:J
mathematically IitYsical~c featlmes.

'!he worJdn;J group identified three key featlmes of this plan of
actioo:

1. Irrlonesian scientists shalld be sent abroad for doctorate­
level stmy of IitYsical am dlemi.cal oceanogrcllily.

2. An infrastrocture of technically skilled electrarlc
technicians am data processors nust be develq8i to suwort
the effort.

3. Q>llaboratiem between government research institutes am
acacJenic institutioos in operatiooal field programs am
1OOdel.in:J efforts nust be enhan::B:l.

Workin;J Groop em Livin:J Resalroes

After :reviewi.J'g the potential resources fami in Irrlonesia I s seas,
the livin:J resources worki.rq group oancl\Xled that five cx:mbJdity graJpS
rate further develqraent: shrinp, tuna, UI'leXPloited species (squid,
deepwater shrilrp, small pelagic fish, am deepwater sharks), species
that are currently cultured (shrinp, graJpSZ', bass, ~, oysters,
sea cucnni'>e't'S, am algae), am coastal livin:J resources. A n~..r of
CXI'lStraints may limit, hcJwever, larger hal:vests for eam of these
graJpS. 'lhey i.rd.ude inadequate krx:Jw1~ of harvestable stocks,
insufficient~ (particularly at the technical level), am
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CIil1icdity-specific prci>IEIIIS sud1 as legal ani lioensinj barriers to
shriDp fishin;J, the limited availability of bait fish for tuna fishinj,
the limited ability to identify the fishin;J tectmiCJlSS needed for
uneJq)loited species, the high food costs ani limited availability of
yol1I'g for a1l.ture fisheries, ani the an:lent overexploitatial of many
coastal fisheries.

Because the steps needed to averoc:JDB these 0CIlStraints are also
largely CXilllcdity specific, the~ graJp IeCX:iiiierdecl that task
forces be fanned for each 0 illI- dity requirinj developuellt or
management. 'Dlese task forces shcW.d irx:lme representatives of
govemment research ani :regulatory agerx:ies, universities, ani bath the
foreign ani daDesti.c fi.shin;J imustries. Regimal subgra.1ps may be
needed for SCiDB cc i'liKdities. All task forces shcW.d be respa1Sible for
developinj management plans that irx:lme arnJa1 catdl targets, which
OOJ.1d be adjusted each year to assure sustainable levels of ha%vest.
'lhi.s task force~ shcW.d be adcpted quickly for coastal
:rescuroes because they ar'{lAar to be averexploited in many areas of
IrD:mesia. 'lhus, this~ graJp ~llllSided develOPOBllt of a
coastal resources management plan for IrD:mesia.

'lhi.s~ graJp also~ IillSided :iJx::reased reseaI'dl al livinj
marine resources. 'lhi.s research shcW.d address identificatial of
resources ani their potential for exploitatial, fi.shin;J t:ec.t1rx>logy, ani
the socioecxnm.c aspects of fisheries ani maria1l.ture. DevelopueaIt of
the needed fisheries research is hanpered by lack of :turds ani
persamel as well as by the low level of educ:atial ani trainiJ'q of
existinj fisheries persamel.

Workin:;J Gra.1p al Mineral Resooroes

'lhi.s~ graJp reviewed all minerals that might c:xx:m' in
ecalCllli.ca1ly exploitable CClO!lItratiOOS within Irx1alesia' s EEZ.
Petroleum ani currentlY exploited tin resaJl'Oe$ were oot irx:lu:Jed
because these cc 1111_ dities are administered by specialized agerx:ies of
the Ir¥:Jalesian govemment. '!he mineral resources of the Ir¥:Jalesian EEZ
were then gra.Jped into five mineral families:

1. Placers (tin, gold, dianaxls, chranite sands, etc.)
2. hJ3Iegates (sam am gravel, shell, etc.)
3. In:iustrial minerals (clay, bent:a"li.te, glass sands, barite,

etc.)
4. Hydrogenetic minerals (Ol:'bal.t-rich crusts, ~rites,

JDan;Janese oodules, etc.)
5. Hydrot:hemalllU3s (polymetallic sulfides CCIltaininJ~,

zin::, silver, gold, am platinum) •

'Dlese mineral families were analyzed in term of their oc:x::un:ence, the
likelihood of cxmnercially significant CClD!l'1tratioos, the availability
of mi.nirg t:ec.t1rx>logy, the exi.sterx:le of plooessinj t:ec.t1rx>logy, the
exi.sterx:le of a harxllinj am distrib.Itioo infrastructure, the locatial
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am size of markets, am the likelihood that ret::J:NerY cperatia1s wa.Ud
have an adverse enviraIDent:al. inpact. '!he workirg groop then assigned
priority to certain minerals for develOfiIWant, tak.irq into aanmt the
0CI1Straints likely erxnmtered. Highest priority was given to tin
ret::J:NerY thrcujl del!neatiat of the :Ink:3lesian tin belt sa.rt:h am east
of cm::J:ently exploited areas. Gold ret::J:NerY fran offshore placer
deposits was given secDd priority, am sam am gravel exploitatiat,
particularly near Sin:Japore where a market exists, was famd to be of
third priority. Finally, foorth priority was aocot:ded to the glass
saOOs used by imustry both in Imalesia am abroad.

'!he major CDSUaint to developin:J these high-priority minerals as
well as others is the la« cpllity of kncwlEd;Je abalt the distribItiat
am extent of the mineral bodies~ these resources. '!his
groop t1ms reo IIIIelded BURXXrt of a focused progJ:8Dl of research at the
marine geology am geq:hysics of Imalesia's seas. '!his progJ:8Dl shcW.d
be oaltinued am accelerated durin;J Repelita IV by train:in;J scientists
am tec:tmicians in the metbJdology of 100dem mineral body delineatiat
so that actual. at-sea research at minerals can be c:x:niucted in the
early 19908.
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am
Boer Mauna

Head, center for Political Actial
Department of Foreign Affairs

'!HE lAW OF '!HE BFA CXJNENI'IOO

For Inb1esia the law of the sea Conventioo (I.a)C) recognizes the
foll~:

o Archipelagic waters. Inialesia IS sovereignty over its water
oolUllB'1, air space, seabed, am subsoil, am all the rescuroes
oart:ained therein, is recognized. '!he ardrlpel.aqic waters
irx:ltde the seas~ the Inb1esian islams drawn in
ac:::oordarxE with the pravisioos of the Convential. 'lhis is the
JOOSt inportant achievement of Inblesia I s stJ:u]gle with the
law of the sea siooe 1957.

o Territorial sen,. Imalesia also exercises territorial
sovereignty over a 12-mile space drawn arwn1 the ardlipelago
or ardrlpel.aqic waters as well as its :resaJrOeS.

o Contiquoos Zgle. Imalesia can exercise ooot.rol over custaDs,
financial, inmigratioo, am sanital:y matters of a 12-mile Zale

drawn arwn1 the territorial seas of 12 miles. '!he contiguoos
zone ocW.d also be drawn 24 miles fran the baselines fran
whidl the territorial seas are measured.

o Exclusive Eoongnic Zgle (00). 'lhis Zale extems 200 miles
fran the baselines fran whidl the territorial seas are
measured. In this zone Inialesia exercises sovereign rights
over all the natural rescm:oes cart:ai.ned therein, am has
jurisdictioo over installatioos, artificial islams am
stn1ctures, regulatioo of marine scientific research, am
protectioo am COIlSerVatiOO of the marine environment, in
ac:::oordarxE with the pravisioos of the I.a)C.

o continental Shelf. '!his area exten:ls 200 miles fran the
baselines or to the alter Ed;Je of the ooontry I S continental
mazgin. '!he continental mazgin can extern either to 350 miles
fran the baselines or to 100 miles I:::leyorD the 2, 50<Hn
iscbath. '!he continental mazgin is <XlIlSidererl to be the limit

- 11 -
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of the natural prolagatioo of the lam territory of the
coastal states. rnrls prolagatiat is detennined by a caw::epl
based at the thickness of serlimentatioo in relatioo to a
certain distance fran the ooastline. within the cxntinental
shelf Inblesia exeroises sovereign rights aver the natural
resources. Exploitatioo of natural :resaIrOeS beytn1 200 miles
fran the baselines is subject to reverue sharin:J.

Based 00 the above, Inblesia' s marine resources base far exceeds
its lam resources base. Prior to recognitioo of the an:trlpelaqic
state am other caw::epls by the LOOC, Itdooesia' s lam-based :resaIrOeS
covered an area of aba1t 1.9 millioo kIn". ume.r the 1982 raw of the
sea cawenti.at, howeVer, In:Jalesia's Z'eSQ.1rOe base oavers an area of
aba1t 8 milliat kIn".

'lhis t.rememaJs expansiat of Ima'lesia' s marine resources base is
a<:XXll'paIlied by certain d:>ligations, however:

a In its archipelagic waters Ima'lesia DUSt recognize the
traditicmal f:ishin;J rights as 'Nell as the other legitimate
interests am activities of its JOOSt iJJI'IIf'iJiate neighborin:J
states. 'lhis recognitiat DUSt be negotiated am regulated in
bilateral agl:eemellts with these neighbors. SUCh an agl:eemeIIt
is now in effect between Ima'lesia am Malaysia, b.It further
negotiations are still to be umertaken, particularly with
S~, aoother neighborin:J state.

a In the EEZ Ima'lesia DUSt allow other ca.mtries, especially
the lam-locked am geograprlca1ly disadvantaged states,
acness to surpluses of its livin:J:resaIrOeS. Irxionesia has
yet to detenni.ne the maxinun allowable catdl of these
resources, to detenni.ne its capacity to hal:vest, am to allow
others acness to surpluses. rnrls OOJ.1d be umertaken thrcu;Jh
a specific agl:eemeIIt or agreements. Determinatiat of the
allowable catdl will be based at scientificf~ that are
still oot available. Inialesia has oot yet assessed the
nature, CJ,Ia1ity, am quantity of the livin:J resources in its
EEZ.

a within the ca1tinental shelf Irxionesia has an d:>ligatioo to
ca1tr:ibrt:.e to an i.ntematicmal authority a percentage, as
defined in the cawenti.at, of the yield of the resources
recovered fran the ca1tinental shelf beytn1 200 miles of the
baselines. Irxionesia has oot yet detennined, hoNever, the
a.rt:er limits of its ca1tinental shelf beyorrl 200 miles, based
at the provisions of the LOOC.



-13-

INIX'fiESIA'S RI!:SPCRmS

Indalesia is pleased with the results of the LOOC of 1982, am it
has therefore ratified the o::nventia'l am deposited its instruments of
ratificatial with the secretary-Gener of the United NatialB. '!bus
far 32 ooontries have ratified the CkrIYential. Because the LOOC of
1982 will beet InA effective alB year after the sixtieth ratificatial,
Indalesia is tryinj to persuade at:her oamtries to ratify the
CkrIYention so that it can take effect pl:utpUy.

Indalesia, in ~tialwith at:her develq>in:J am signatory
states, is also worJd..r¥J to advance the lllOrlt of the Preparatory
camdssial aimed at establishi.rg the Intematiala1 Authority am the
Internatiala1 raw of the sea Tribmal.. It is hq)ed that these
institutialB will begin their lllOrlt the DDDelIt the CkrIYential takes
effect, thereby assurinJ the viability of the LOOC regime.
Inplementatial of the Internatiala1 A1lt:bJrity is inportant for
Inblesia's resan:oe management because it will regulate the
exploitatial of resources in the intematiala1 seabed area. SCDe of
these resources are also lam based, partiOllarly nickel. am~.
'!he regulated am well1imBgEld resources of the intematiala1 seabed
area will have a definite i1lp!lCt al the developuetlt am JII2llll!IgEIiElIt of
IrD:I'lesia's lani-based mineral resources.

IMPIDtEmM'IOO S'12\GE

IDnestically, a great deal 1IIJSt be da1e by IrD:I'lesia to inplement
the LOOC. '!he lqD:::f for Research am DevelOfiielIt of the Department of
Foreign Affairs has emmerated aba1t 50 follaHlp actions that
IrD:I'lesia 1IIJSt umertake to inplement the LOOC. 'Dlese actialB are
described in the follOlrlirq sections.

Indalesia 1IIJSt amend its legislation al baselines to OCIlform to the
provisions of the LOOC. Indalesia' s baselines, as stipllated in law
No.4, 1960, 1IIJSt be J:eeXamined am adjusted to the provisialS of the
LOOC. A special oamdttee has been stmyin:J this matter for saoe time,
bIt the :results will depen:l on further smveys am scientific
investigations. '!he charts as well as the coordinates will be
deposited with the U.N. secretariat.

Indalesia will also have to redefine the regime of passC!WJB am
navigation t:hrcu#l the ard1ipel.agic waters am relevant territorial
seas. For this p.npose ardrlpel.agic sea lanes 1IIJSt be designated.
!t>recNer, the waters inside the archipelagic waters 1IIJSt be defined to
detennine where the regime of i.rnxB1t passC!WJB will not awly. '!he
LOOC recognizes the right of i.rnxB1t passC!WJB t:hrcu#l ard1ipel.agic
waters (bIt not t:hrcu#l the waters within the ard1ipel.agic waters) am
recognizes the regime of archipelagic sea lanes passage. A oamdttee
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has been ackb:essinJ this matter for a nmiJer of years am DIJdl has
been achieved. In light of the new cawentioo the activities of this
ocmnittee shcW.d be revived•

. 0I'a! the baselines of the ardlipel.agic waters have been :redefined
or reaffinDed, the cuter limit of the territorial sea will be
readjusted acccmiin}ly. 'Dli.s is relatively siDple, bIt prcblEIIIS will
arise in delimit::in; the baDDary of Indalesia' s territorial sea in
areas ll41ere it may overlap with the territorial sea of neighborinJ
ooontries. 'lhese l:xmx:Jaries will have to be negotiated with these
states. So far, agzeements have been reached with Malaysia am
Sin;Japore.

0I'a! the ard1i.pelaqic baselines have been :redefined or reaffinDed,
the a.rt:er limit of Ima1esia' s c::Ja1ti.guous ZOOB will also have to be
defined. Indalesia has not enacted legislatien en this a.rt:er limit.
If am \1tlen it does so the delimitatioo of its baJrxJaries with
neighborinJ ooontries in areas where they may overlap will also have to
be negotiated. Indalesia has thus far taken no steps in this
directioo.

Equally, Indalesia llIJSt detennine the a.rt:er limits of its EEZ cnJe
the baselines of the ard1i.pelagic waters have been :redefined am
clarified. Again, prcblEIIIS will arise in delimit::in; the baJrxJaries of
Indalesia's EEZ where it may overlap with these of its neighbors. No
agzeement 00 the delimitatioo of the EEZ has been <DlC1mecI between
Indalesia am its neighbors, alt.hcu;Jh they have already enacted their
respective legislatien dealinJ with this.

'lhe EEZ l:xmx:Jaries may or may not coi.rx::ide with the oa'1tinent:a1
shelf l:xmx:Jaries because the two ocn::ept:s (EEZ am ocntinental shelf)
differ totally. Delimitatien of the EEZ awlies basically to the water
column am its rescm:oes; it is not affected by the tq:lograply or
geaooq.ilology of the seabed. Delimitatien of the oa'1tinent:a1 shelf, en
the other ham, awlies basically to the seabed area am its subsoil.
'lhus, it depems upcn the natural prolagatien of the lam territoJ:y.
'lhe seabed geology am gearmJilology, as well as tq:lograply, are
iJIportant in det:.enninin;J the a.rt:er limit of the legal ocntinental
shelf, whid1. can extend far beyorxi the 20<Hni.l.e limit of the EEZ. A
great deal of lllOrk has to be umertaken in this area.

A oamdttee has been established to deal with the baDDary
negotiatialS of the ocntinental shelf, bIt there is no oamdttee
dealinJ with baDDary negotiatioos in the EEZ. '!he cuter limit of
Ir¥blesia's oa'1tinent:a1 shelf to the open ocean has also not been
stulled properly. It is CXI1Ceivable that the oamdttee 00 the
oa'1tinent:a1 shelf ocW.d be entrusted to stldy the delimitatien of the
EEZ as well, provided that the EEZ elements within this ZOOB, primarily
fisheries, are i.rx::lmecI.

Delimitatioo of the a.rt:er limits of Indalesia's shelf requires:

a Further negotiations with the relevant neighborinJ ooontries
to c:x::.uplete the delimitatien of the l:xmx:Jaries, whid1. thus far
has been determined by agz:eement. 'Dli.s lllOrk is essential in
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view of the expardi.rg explaratial am develOfitelIt of marine
reBQ.JroeS fran the CXI"ltinenta1 shelf, whim are primarily, bIt
not exclusively, oil am gas.

o Detenninatial of the alter limit of Imalesia' s CXI"ltinenta1
margin lIIhere Imalesia does not iJJI'IIf'iJiately face other
owntries, especially in the IrxUan ocean. '!his deteminaticn
llIJSt OCI'lform with the provisions of the LOOC, partialiarly
Article 76, am it is essential for the develOfitelIt am
JIIi!llll!IgB'iSIt of Imalesia' s reBQ.JroeS in view of the discc:::IYeJ:y
of scme~ oodules am sulfide within the limits of
natiala1 jurisdicticn, especially in the eastern Pacific. It
is not koown lh!ther these reBQ.JroeS also exist al the alter
Ed;Je of Imalesia' s CXI"ltinenta1 margin in the IrxUan am
Pacific oceans.

siooe In:lalesia' s leqislaticn dealirg with the EEZ am the
CXI"ltinenta1 shelf was enacted prior to ratificaticn of the LOOC by
In:lalesia, the provisions of this leqislaticn will have to be restmi.ed
am adjusted to OCI'lform with the provisiQ'lS of the LOOC. Acoordin;Jly,
develcpueilt pIogz:a:mB for the managemeIlt am utilizaticn of marine
:rescuroes recovered fran the EEZ am CXI"ltinenta1 shelf will have to
take into aooount the provisions of the LOOC of 1982.

Ab.1mant marine reBQ.JroeS are famd in the waters aver whim
Imalesia has sovereignty, sovereign rights, or jurisdictial.

Livirg Resa1roes

sane In:lalesian waters are pop.l1ated by species similar to those
famd in the 5aIth arlna sea. Iazge-scale f.i.shirg imustries J!Ji!JY tlms
be diffia.tlt to develq>. sane rescm:oes--such as those famd in the
strait of Malacx:a, Java sea, am Flores sea-are mainly harvested by
local fishenDen. Here their protecticn is perhaps Dm"e :inportant than
develq>irg large-scale f.i.shirg imustries. Areas that are lazgel.y
pop.l1ated by one species, such as the Bania am It>lucc::-a seas, ocW.d
suwort large-scale f.i.shirg imustries such as tuna.

It is estimated that less than 2 percent of In:kx'lesia' s fisheJ:y
:rescuroes in the EEZ has been exploited. F\1rt:her exploitaticn will
require research am smveys as 'Nell as develtpleJlt am JIIal1I!K}E!iSIt
efforts.

'!he DaSter plan for the develtpleJlt of fisheries is devised am
iDplemented by the Office of the Directora~of Fisheries.
Given this central plami.n:], the irpJt of the local am proviooial
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govmnoents am of the private sector are cbameled thrcujl the
Dil:ectorate-<;eneral of Fisheries. It is rot clear, hc1ft1ever, hew the
exploitatioo of fishery resooroes is coordinated with ather uses of
marine spl!!II08 such as m:i.n.in;J, navigatioo, am enviJ::aJUelItal. protectioo,
am hew the benefits of the resources are used by the CElltnil. am local
govmnoents.

Nallivirq Resa1roes

'1\10 of Inblesia'8 JOOSt iDport:ant l'Dllivirq marine resooroes are
oil am gas, which CDlStitute an iDport:ant parti.a'l of its averal.l oil
am gas productioo. Althcu;Jh these resooroes aooamt for less of
Irxkmesia '8 gross natiala1 product than previously, they are
nevertheless very iDport:ant to the natiala1 ec:aony.

Exploitatioo of these marine resources is still limited to the
relatively shallC7ti waters of Inblesia'8 archipelago am oa1tinental.
shelf. '!hey will J:EIIIllin iDport:ant to Ir1dalesia' 8 ec:aony in the
fUtm'e, however, leadirq to exploratioo of the dee~ waters.
DeteJ:mi.natioo of the a.rt:er limits of Ima'lesia'8 oa1tinental. marqin
will therefore becx'IM Dm"e iDport:ant in the near fUtm'e.

other l'Dllivi.n:.J resooroes present in Ima'lesia' 8 waters,
partiOllarly the varia.1s hard minerals, have rot been pLcperly am
sufficiently investigated.

Management of mineral resooroes is harrlled by the Department of
Minin;J, am especially by the directora~of oil am gas am
of general m:i.n.in;J. coordination of the exploitation of offshore oil
am gas resources is highly develq:ei, althcu;Jh this shoold be further
:iDpraYed.

With recognitioo of the ardlipelagic state car:ept:, Irxkmesia '8 air
spl!!II08 has also~ aver the ardUpelagic waters. Althcu;Jh the
right of overflight in the air space above the sea lanes is recognized,
this right is rot recognizes above the ardlipelagic waters as a whole.
Use of this air space is iDport:ant for intematiala1 aviatioo am eew.d
be advant:ageaJs to Ima'lesia' 8 developuellt. 'Drls has been taken into
acca.mt in various ag%eemellts negotiated or cxn::l.ooed by Irxionesia' 8
Dil:ectorate-<;eneral for Air <:mmmicatians.

other resources within Ima'lesia' 8 marine areas-sudl as the
production of enezgy fran the water, currents, am winds--have rot been
pz"q)erly explored or exploited. sane st:1xiies have been made, hc1ft1ever,
on hew to produce enezgy fran the teJperature differentials that exist
between the surface water am the water at lower depths.
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Natiala1 Planni.n:J

'!he Ir¥:Jalesian government is oow prcIIDti.rxJ the export of ncn-oil
am gas products, am the president of Ir¥:Jalesia has inli.cated that the
cnmtry's large marine area am its resources shcW.d be explored to
SlgXlrt this pLaooti.at.

'!he developtent am exploitatiat of marine resources OOJ.1d also
benefit the pcpl1atiat, primarily by incJ:easin] its intake of protein
thJ:'cDjl the i.rx::r:eased oa'lSUIII'tia'l of fishezy resources. Irx:reased
coosunpti.at wa.Ud benefit local fishet:men as 'Nell.

Per capita fish oa'lSUIII'tia'l in Ir¥:Jalesia is still the lowest anrn:J
the peq>les of Asia (it is atly abalt ate-foorth that of IiD;J Kcn;J, for
exanple). Althcu;Jh cultural or traditicmal patterns of food intake
will influence fish calSUIIptiat, an :1n::rease is still possible. Peq>le
will have to be erxnnaged to 0CI1SUIDB Dm'e fish am will have to be
educated abalt its benefits for their health am 'Nelfare. Specific
pLograDB shcW.d be develqm in this directiat.

'!he developtelIt, managsllerrt:, am utilizatiat of marine resources,
especially livin] resources, 1IIJst take into aa:nmt the naticmal,
zegicmal, am intematicmal situations. '!he exploitaticn of marine
resources in Imalesia may affect or be affected by the exploraticn am
exploitaticn of marine resources by neighborin] oamtries or zegions.

Management of the Marine Envira1ment

A polluted marine enviLuiiIE!iIt may hanD marine resources, especially
livin] ales. For this reasal a policy ackb:essin] prot:ecticn of the
marine envira1ment ll'lJSt be closely coordinated with a policy at the
exploratiat am exploitatiat of marine resa.JrOeS.

'!he developlJeIIt am managemeIIt of marine resources ll'lJSt also be
ooordinated with other legitimate uses of the sea sudl as scientific,
:recreaticmal, am defense. 'nrl.s calls for an integrative~-a
sectoral~ wa.Ud not be effective.

Marine scientific Researc:b

'!he developtelIt am managemBlIt of the marine envira1ment 1IIJst be
suworted by scientific finlin;Js. Marine scientific researc:b is
essential to deteJ:mine the natural };ilenaIIena of the sea, am to act as
a basis for further surveys am exploraticn. 'nrl.s researc:b shcW.d be
coordinated with am geared to SlgXlrt the naticmal master plan for the
developlJeIIt, managsllerlt, am utilizaticn of marine resources.

It shcW.d be cautialCd, however, that marine scientific :researd1 is
closely linked to security matters, especially those dealin] with
~y, hydn::xJrap1y, ooeanog:rcqily, oceanology, urxie.xwa.ter
feasibility, salinity, etc. Specific knowlEd;Je of these fields is
iJIportant for navigaticn am defense p.nposes, as 'Nell as for resoorce
exploitaticn. P.t'q)er ooordinaticn will be needed so that scientific
:researd1 umertaken in cne area is not detrimental to other areas.
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Regiala1 am Internatiala1 Q)q)eratial

'!he develOfiieut of livin) marine resa.1rOeS, especially the highly
migratory species such as tuna,~~tialwith neighborin)
oamtries or regiaw. '!he exploitatial of shared st:oc1cs that are fami
in two or DDr8 neighborirg oamtries requires similar ~tial. For
ex;mp1e, the oa.mtries of the SOUth Pacific Forum have develqm a
sJOCeSsful fOJ:1ll of regia1al. ~tion in managin) their livirg
resooroes-the Forum Fisheries kJere::t (FFA). Inialesia' s tuna
rescurces are known to migrate thJ:'cu:1h scme Pacific islam. oamtries,
especially Papa New Qrlnea am the :EhiliWines. To umerst:arn the
migratory patterns of such species researd1 am develtpleJlt pIogl:2DDS
such as t.at;Rirg shalld be ocniucted jointly with the relevant oamtries
or regiaw.

Imalesia am. scme neighborirg oamtries, especially in the SOUth
Pacific, have gained eoomcus marine :r:esouroes as a result of the law
of the Sea cawential. Partiallar1y for the SOUth Pacific oa.mtries,
fishery :r:esouroes have beo IlIA the major, am pertlaps the ally,
alternative for~ eoaunic develtpleJlt. yet exp10itatial of
these :r:esouroes depems to a large extent al export markets-especial1y
in Japan, the United states, am. at:her d:istant fi.shirg natiaw-arD
will requil:e l.a!:ge scale foreign invesbueilts. Because In:lalesia JJ'B.Y
e::atp::te with its neighbors in seekin;J investments am markets, it is
essential that it coordinate its efforts to exploit its livirg marine
rescurces with them, thereby avoidirg as lIIJCil as possible CXilpetitial
ina~ foreign investors or in seekin;J foreign markets in the
imustrial oamtries.

Institutiala1 Prd:>lems

sirn! 1957 Imalesia has been ~linj to achieve a nJll'ber of
ci>jectives in relatial to the law of the sea cawential, especially (1)
the pIaJDtial of natiala1 mrl.ty given its archipelagic, DIlltiethnic
situatial, (2) political stability given its various political tren:ls,
am (3) eca1CIIlic develOfiiellt given its varied :resooroe base. OYer the
past 30 years Inialesia has develqm the CXir:ept of the ard1ipelagic
state, am within the last several years it has also suworted at:her
oct'lCEpts that waUd stren;rthen its ci>jectives.

'!he first stage of the Btn.g:Jle for the raw of the sea occurred
durin) the first decade of Inialesia's iIrleperx:lenoe, am it was
basically inte.mal. in nature. DJrinj this period, Imalesia paid a
great deal of attention to developinj am instillinj the notion of
archipelagic mrl.ty in the oamtry. It declared the archipelagic
prin:::iple in 1957, enacted archipelagic legislation in 1960, passed
regulatioos al ard1ipelagic navigation in 1962, am regarded all of
Imalesia's maritime areas as a sinjle maritime mrl.t for law
enfm:oement pnposes in 1963. yet in view of the st.rcn} intematiooal
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~itial to the ardrl.pel.agic CD~t, Inb1esia has been extremely
c:autiaJs in prcIIDt:inJ this CD~t in the int:ernatimal fOJ:'UlDl.
Management of Inb1esia I s t:hi.nkin:J at the law of the sea was largely
haniled by the Maritime ~i1 (Dewan Jmritim) un:Jer the chai.J:manship
of Prime Minister Djuanda. Its legal aspects were haniled by its legal
cxmnittee un:Jer the dlaiJ:manship of the Naval Chief of staff, Admiral
Martadinata. '1his institutimal~ was upset, however, after
the abortive oc:mu.mist coup in 1965 lllh!n the Maritime ~i1 was
abrogated, pemaps accidentally.

Nlen internatimal efforts were made to solve many ra;c
iSS'JeS-particul.arly navigatial, exploitatiat of resooroes at the
oa1tinenta1 shelf, fisheries jurisdictiat, ani envi.rcnoental p;>llutiat
arisirg fran the birth of super tankers-various cxmnittees came into
bei.n:l in Inb1esia. In the late 19608 the Qaltinental Shelf omnittee
was established in the Department of Minirg, the Fi.sheJ:y CCIIInittee in
the Department of Agricu1tme ani Fisheries, the strait of Malacca
CCIIInittee in the Department of Qmllmic:atioos, ani the ra;c CCIIInittee
in the Department of Foreign Affairs, aDDr:J others. By 1971, lh!n
Inb1esia was att.elrpt.irg to pl:aoota its interest in the ra;c
CkIlfm:enoe, sd1edul.ed far 1973, intensified oocn:dinatiat anor;;J the
activities of the varioos cxmnittees was Bt:ra'gly needed. '!be
coordinatirg CCIIInittee far the Natimal Territory (Panitia Kpordinasi
Wilayah Nasi.alal.) was established in 1971 by Presidential Decisiat No.
36. Dlrirg the secxn1 stage of Ima1esia I s stn¥19le for the law of the
sea (~irg met of the secxn1 ani third decades of
i.rnepemence), this cxmnittee played an iJrpn'tant ani successful role
in advaooirg Ima1esia I s interests. It was able to axmiinate
effectively the various activities of the many ocmnittees in the many
departments.

with the adqJtiat of the ra;c in 1982, Inb1esia entered the third
stage of its stn¥19le far the law of the sea. with its very large
maritime base far its natural :resooroes, Ima1esia is now in a positiat
to claim the full status of a maritime power. It is also in a positiat
to enter the i:aplElDBl1t:atiat stage vigorously ani with full CO'lfidence.
Sir¥::le 1982, many OCA.D'ltries have begun to devise new institutimal
medlanisms for i:aplement.in1 the new oawentiat. An institutiat with
exeaItive power, rather than a axmiinatirg aqercy, is felt to be DDre
suitable for i:aplementirg the OCIlplex ani vast spectrom of cenventiat
issues oarprehensively ani in an integrative manner. sane OCA.D'ltries
such as Imia inroedi ate1y established a department for ocean
develqment, ~d1 Itt ally oocn:dinates the iJrplElDBl1t:ation activities
D1t also i:aplements tl1em itself. other OCA.D'ltries such as canada
expamed. their existirg department to hanile activities related to the
i.Jrplementation of other ra;c pravisioos as ~l.

Alt.haJgh it may prove useful to establish an irdeperrlent executirg
aqercy or department to cany art: a ~l-t.haJght art: iJrplementatiat
program for the ra;c, there is 00 ham. in oalti.n.J.i.n} to rely at the
COOrdinatirg CCIIInittee far the Natimal Territory for sane time to
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caDe, provided that this oc:mni.ttee is giVB'1 the pteper attentia'l it
deserves ani is 1IBI12Ig8d at a full-time basis by sufficiently senior
officials. '!his will enable it to ocu:elltrate at the many
iDplElDBl1t:atiat pr:ci)lEllB am issues am to interest the varioos
departments in the iDplElDBl1t:atiat activities. '!his oc:mni.ttee JIIJSt also
be provided with the marp:JWer, materials, funds, am expertise needed
to deal with the iDplElDBl1t:atiat stages of IrD:mesia I s law of the sea
cbjectives.
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:INlRDJC.l'ICE AND BACIGUJNI)

'!his paper focuses 00 the U. S. experiE!l'¥:'e in managin1 marine am
coastal resooroes sir¥::le the late 19608. '!his is nat an amitrazy time
frame: met of the majar U.S. marine am coastal resan'CeS management
legislatioo and pl:ogx:ans were enacted ar established clurin1 this
period, am this aspect of the U.S. experi.ero! sha.1l.d nat be
overlooked. Alt:hcu#l the united states may have a Dm'e fully develcped
marine resooroes managetrelit regime than other c::omtries, the U.S.
management experiE!l'¥:'e 1& of recent vintage am serious marine resooroes
management prd:>lEllB remain unsolved.

'lhree sectors of the U.S. managetrelit regime are dealt with here:
fisheries, offshm:e oil am gas, am offshore minerals. one inportant
am OCX'lt:raversial use of the ooeans-as a "sink" far dunpin1 am
iD::ineratinj waste materials-is also mentiated.

'lhe managBDPllt regimes far fisheries am for offshore oil and gas
are ~l develcped in the united states. 'D1e regime far offshore
minerals exists in zmimentary fom, 'Nhid1 is pertlaps to be expected
given the sc:mewhat distant pl:ospects far offshore minerals
develqment. 'lhe dunpin1 of toxic materials is prdrlbited by
U.S. law, while at-sea iD::ineratioo remains OCX'lt:raversial am
unavailable in the united states as a means of dj sposin1 of larqe
quantities of liquid wastes. 'lhe dunpin1 of solid wastes at designated
ocean sites 0C3'lt.ir1Jes, D1t this too is OCX'lt:raversial. 'lhe prqlOSa1
several years ago that dpcxmnj ssiated nuclear sul::Inarines be sunk in
ocean areas near the west coast of the united states provoked serious
qp:sitioo, am the prqlOSa1 was eventually dl:~.

U.S. FEIERALIST SYSTEM OF 00VERNMENl'

To urnerstand the U.S.~ to management of its marine am
coastal resan'CeS, it is neoessazy to umerstard generally l'1cM' the U.S.
legal system works. 'lhe united states has a federalist system of
government, 'Nhid1 means that both the federal am state goveJ:nDe11ts are
sovereign pc7tlIerS that have separate political, legal, am
administrative jurisdictialS. one extraordinary feature of the U.S.
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marine resooroes management re:Pme is that it often involves serialS
iSSl1eS of ocnJtit:ut:i.alal law am intel:pretatiat. For exanple, because
oalflicts have emerged between the states am the federal government
CNer the lIBl'laglE!ID9l of offshore fisheries am hydrocarlxn resooroes,
questialS CXIltiJually arise CNer whether federal law shalld take
preoedeJ'a! CNer state am local laws (involvirg the supremacy clause of
the u.s. cmstit:utial) am whether federal agencies JDJSt adhere to
state am local requireDents in carryirg art: activities that affect
state am local i.nt:erest:s (that is, whether the federal government
shalld "waive" its sovereign iDmmity fran the authority of state am
local goverraent:s). 'lhere an! no clear guidelines for answerirg many of
these questioos, am the answers provided by the Qnp:ess am the
federal oaJrts have alternately favored the states am then the federal
government.

'lhe Reagan administration has pIt forth the nat-so-new doctrine of
"New Federalism" whim calls for limits at the exercise of federal
authority am pzatrJtes the interests of state am local goYerI'DBllts.
B.1t this doctrine has nat been awlied OCXlSistently. In fisheries
lIBl'laglE!ID9l the administratiat has SlJR)Orted the system of shared
federal-state authority that was established by the Qnp:ess in the
mid-19708. In the area of offshore oil am gas develqment, however,
the administration has scu;Jht to nduce state am local oaltrol CNer
these resooroes, granted to them in the late 19708, am to :reassert
federal authority.

'lhe cyclical natme of u.s. politics JIIJSt also be acknowledged to
~ the u.S. marine resa.treeS management experieme. 'lhe
political histmy of the united states abamds with periods of
intensive federal government actiat (.in=reased legislative activity,
DDre laws, exparrlirg federal agencies, etc.), followed by periods of
efforts to restrict or ocxrt:ain the growth of central govemment I S

power. MJst of the cun:ent u.s. management PZograJDS for marine am
coastal resooroes were established durirg a period of vast expansion of
federal government activities. 'lhe cun:ent administration has «:gX)Sed
federal actiat, am, indeed, it has asserted that "the federal
government itself is the pni>len." Its "1'lIE!flI7 federalist" progzam is
thus aimed at limitin} or reducirg the size of the federal
establishment. In short, the u.s. marine resooroes management regime
has develqej in :response to these political forces, and, for better or
worse, has been shaped by them.

Qle particularly tralblesaoe featme of the u.S. regime arises
solely fran the federalist system of govemment: the necessity to
resolve int:.ergoIJe.rr oalflicts am to fim a means or mec:banism
that will enable separate jurisdictialS to~te in the management
of shared resooroes. '!his pni>len will be mentialBd later in this
paper.
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SEamAL~ 'ro MARINE AND cms'mI" RESCXmCES~

A st:riJcirq ctlaracteristic of the u.s. regime 1& its sectoral
nature. Each of the major ocean am c::xJaSta1 rescuroes ar uses
(fisheries, oil am gas, minerals, c::xJaSta1 rescuroes, ocean dLmpiJ'g,
etc.) is managed separately, mDer different laws, by different
~ies am b1reaucracies, answerirg to different oc:rgressicmal.
oc:mnittees am to different CX1lStit:lleooies. '!he:reascn: the u.s.
marine am c::xJaSta1 rescuroes management regime develqej in a piecemeal.
am ad hoc fashiat. Efforts to "raticmal.ize" this system meet with
substantial resistance largely because of inertial b.1reaucratic forces.

'!he pr:ci)lEllB am issues associated with this sectoral management
approadl nay be clustered aroorxi the followi.rg themes:

o Matc:ili.DJ the management regime to the marine ecosystem rather
than to the p;>litical system

o ResolviJ'g jurisdicticmal. pr:ci)lE!llS
o CCXJrdinati.rg aDDYJ sectors.

Matc:ili.DJ the Managerrent Regime to the Marine Ecosystem

'!he di Flp'rities between the u.s. marine am c::xJaSta1 resooroes
management regime am the mDerlyiJ'g marine am c::xJaSta1 ecosystem are
0CI'l'pared belOlli:

Marine eoosystem

vastness
Iokbility
Int:erdeperrjer of

resooroes am processes

Management regime

Prescribed zooes of authority
Sirgle-resoorce management
8egmented pl:ogzams

'Ihese disparities arise, of oourBe, :fran political am legal
reasatS, or :fran the piecemeal. develqment of the u.s. system.
Nevertheless, as shewn above, the mismat:d1 between resooroes to be
managed am the existin;J management system is pra'lOOl'rEd.

Jurisdicticmal. ProblE!llS

'!he jurisdictia1al problE!llS that arise in the management of u.S.
marine am c::xJaSta1 rescuroes are presented belOlli far the c::xJaSta1 zooe
(shorelanis am territorial sea), the alter ocntinental shelf
(OCS)/fisheJ:y oonsm:vation zooe (FCZ)jExclusive Eccn:mic Zale (EEZ),
am the high seas/deep seabed.
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OCSIFCZ/EEZ High f§Uj/deep Rfflherl

Shorelarx:1s Territorial
sea

3-200 miles >200 miles

IDcal.
state
Federal

state
Federal
IDcal.

JURISDICTION

Federal
state
IDcal.

Federal

'Dle hierarchy of authority differs aocordiD;J to the :resaJrCe

managemetlit ZalB. Between the shorel.arx:1s of the ooastal. ZalB ani the
territorial sea there is a maJ:Xed c:tlanJe in authority, oot easily
understood if ale ally ocud.ders the nature of the resa.u:oes to be
1IBI12Ig8d. aIt regardless of hcJr,f persuasive the political ani legal
reasalS aze for this divisiat of authority, both the necessity ani the
difficulty of ~tiat between different jursidictialS in managin;r
marine ani ooastal. resa.trOeS shalld be~.

oxmiinatiat Anag sectors

Not ally is each sector of the U.S. system governed by different
authorities; each sector also has policies ani goals that differ
substanti.al.ly fran thcse of other sectors. '1hus, the policy of
maximizin;r oil am gas productiat fran the OCS often :runs <XU1ter to
policies govern:irg other sectors, such as the prot:ecti.at of ooastal. am
livin;r marine resa.u:oes that may be threatened by such develcpnent.

It is tn1e that many of the authorities govern:irg the separate
sectors 0CI'ltai.n c::x:xn'dinative medlanisIIs. For exanple, before an action
can be taken that potentially affects a species listed as "E!I"¥lan:}ered"
un:Jer the Ermrgered Species Act, the federal authorities responsible
for prot:.ecti.rg that species JIIJSt be oansulted. t.Jn:ler this oansultative
scheme, oil ani gas drillin;r am production activities in the Beaufort
sea have been nolified. or restricted because of their effects at the
"erxiaD;Jered" h1JrrP:sck lvhales that visit this area.

aIt many conflicts have proved difficult if oot inpossible to
:resolve t:lu:'cu3h oansultation, am substantial litigation has resulted
fran such oonflicts. '1hus, federal j\d;Jes have been the ultimate
decisiat makers in the U.S. marine resources managE!!lOOllt system, 1xJwever
ill-equi~ they may be to make such decisialS. Typically, litigatiat
in the united states is a oostly, ti.me-oa1sumi.n, ani often divisive
means of settlin;r disputes. 'Dle "winners versus losers" structure of
the U.S. legal system is oot suited to read1in3 OCIIPlex resoorce
manageneIt decisialS that JIIJSt balance diverse am c:x:mpet.iJq
interests. Rather, a system of bargainin;J am conciliatiat~ to
be awzq>riate for marine resol.1l:08 management decision mak:irq.
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U.S. EEZ Proclamatioo (Mal:dl 1983)

Against this bac::kgram:l of sectoral marine :resalrOe management, we
may examine the proclamatioo by the President in Mardl 1983 of the U.S.
Exclusive Eca'Dni.c Zala, in which the united states asserted ownership
of ard sovereign rights aver the resooroes of its 200-nautical mile
offshore zooe. '!his zooe il'x:lmes nm:e than 2 millioo square nautical
miles am exceeds the ocntinent:al. U.S. lard area. Inportantiy, the
Zale has a unifonn ba.nnary which il'x:lmes all marine resa.u:oes (except
tuna). 'Dle U.S. EEZ is therefore a CXilIiU'1, nultipn:pose Zale that
presents a unique UWULt\mi.ty to devise a management structure
governin;J all its uses ard resooroes.

No specific EEZ legislation has been enacted s.iBJe 1983, however,
primarily because the CUl:relat administratioo has taken the positioo
that the separate marine ard coastal resooroes management pl::ogzams
already in place are sufficient to manage EEZ resa.u:oes.

Q:lgress reoeratly imic:ated its interest in exami.nirg lrhrt:her these
PJ:ogz:ams are suitable for explori.n;J, sm:veyi.n;J, ard managi.n;J the
develqment of EEZ resooroes. Bills have been introduced to establish
a regime for managi.n;J EEZ hard minerals, ard these bills in:x>J:porate
major d1arges in the federal regulatmy structure (pennits rather than
leases) ard in the role of state ard local governnents in resource
managemeIat decisialS affec:tinI their jurisdictialS. Major d1arges have
also been~ for exi.stirg PJ:ogz:ams (sudl as the program to
manage ocs oil ard gas develqment) that aah'ess sane of the sectoral
ard jurisdictia1al prci>lems described earlier. Althc:u]h the EEZ
proclamatioo has oot yet led to IlefIi marine ard coastal resa.u:oes
management progzams, it has sparked oalSiderable debate abaIt the
prci>lems of the CUl:l:elat system ard has generated sane interesti.n;J
management pzqx:sal s.

U.S. MARINE AND CXlAS'mL PROGRAMS

Fisheries: 'Dle Fi.shezy CCIlservation ard Management Act

'Dle goals of the FisheI:y CCIlservation ard Management Act are to
assure a fair allocation ard full danestic utilization of fishel:y
resa.u:oes, to maintain recreatia1al fi.sh:inJ, ard to protect fishel:y
habitats as well as emargered species.

'!his act establishes a fishel:y cansezvation Zale of 3-200 miles ard
regia1al fishel:y management oc:mx:ils, ard sets forth requirements for
fishel:y management plans ard regulations. It also sets natia1al
fishel:y management stardards ard pt:OVides for the oalt:.rol of foreign
fishi.n;J.

Passage of this act has resulted in the setti.n;J of fishel:y
stardards, the develqment of fishel:y management plans, the oalt:.rol of
averfishi.n;J by foreign fi.shennen, ard the enc::aJrageJneI of a high level
of state ard federal CXJq)eration. other results have been greater
q:porbmities for daDesti.c fi.shennen ard recognition of the need for
scientific infonnation in fishel:y management.
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Offaoore Oil and Gas: 'Dle outer centinental Shelf Lams Act

'!be outer centinental Shelf Lams Act seeks to foster the
"balarad" devel.q:ment of offaoore energy :resooroes and to minimize
Clalflicts between energy devel.q:ment and fisheries. It is also
designed to ciJtain a fair and 8CJlitable retum at the sale of p.Jblic
:resooroes and to erKXAJrage state and local participatiat in decisialS.

'!his act authorizes leasinj of the outer oct1tinental shelf, and it
sets forth four stages of devel.q:ment: (1) devel.qment of a five-year
leasinj schBdul.e, (2) lease sales, (3) mcpl.oratiat, and (4)
devel.q:ment. state review of stages 3 and 4 are pemi.tted under the
cmstal. zane Management Act (see belai) • '!his act also provides for an
enviraDental. sb.dies p1OCJ1am.

'Dle outer centinental Shelf Lams Act increased the am:unt of
acreage leased to imustry, bIt it also created Clalflicts aBDJ the oil
and gas, fishinJ, and tourism imustries; between imustl:y and
enviraDental.ists; and am:D1 the federal, state, and local govenJDeJlts.
'lhere is OCIlSiderable oa"greSSiala1 dissatisfaction with the ocs
devel.q:ment p1ogzam.

cmstal. Resan'ces: 'Dle Q)asta1 Zale Management Act

'!be goals of the Q)asta1 Zale Management Act are to preserve and
protect i.nportant ooastal. resa.noes that are at risk and to erKXAJrage
state and local govenJDeJlts to use their "full authority" to protect
such:resooroes. '!his act requires the devel.q:ment of state ooastal.
lIBl'laglE!ID9l plans, and it requires federal agencies and federal
pemi.ttees to act OCIlSistently with state plans.

'Dle cmstal. Zale Managerrent Act establishes a "ooastal. zale"

(sOOrelams and territorial sea), and it provides states with the
federal fums to devel.q> ooastal. management plans. state plans 1IIlSt
meet the min:i.Dun federal stamards for awravaJ.. It also iJx:l.ooes the
federal 0CIlS:lst.erx¥ doctrine ~d1 states that both federal aqercy
actialS and federally pennitted activities llIJSt be OCIlSistent with
state ooastal. management policies. t.Jn:ler this act the states are given
the lead in ooastal. management, and they have authority c:Ner the
a1Shore effects of offshore devel.q:ment.

As a result of this act ooastal. management plans have been~
in 29 of 35 ooastal. states and territories. A wide rarge of state laws
have been enacted to meet federal stamards. 'Ihese states are thus
assertinj a measa.u:e of centrol c:Ner ooastal. devel.q:ment. CCnflicts
have arisen, ~, between states and federal agencies c:Ner
awlicatiat of the federal 0CIlS:lst.erx¥ doctrine.

ocean Minerals: 'Dle outer CD1tinental Shelf Lams Act

'!be outer CD1tinental Shelf ran:m Act requires balanced devel.q:ment
of the mineral reswroes of the outer oct1tinental shelf and allows
state and local governments to participate in decisialS affec:::tin; such



- 27 -

develqment. umer this act leases to a.rt:er ocntinental. shelf areas
are based upcm teI:nB set by the secretal:y of the interior.

'!be results of this act have been very limited thus far.
Regu1atialS to govern prelease prospectirg for ocean minerals are beirg
develqJed, D1t there is widespread dissatisfaction~ the coastal
states, iniustzy, am enviJ::alDelltalists aver the pzqa;ed regime for
hard minerals. 1s;Jislation has been introduced to establish a nefrI EEZ
hard minerals regime.

aJRREN1' ISSUES AND PROBID13

'!be issues ani prci>lems affecti1g the u.s. marine am coastal
resooroes management regime nay be SUllIlIarized as a set of tasks:

o 'lb resolve int:.ergoIJerrI c:xxlflicts
o 'lb provide integrated, nonsectoral management
o 'lb resolve user calfl.icts am establish use priorities
o 'lb set a cxilerent marine am coastal resooroes managene It

policy.

'!be first thl:'ee tasks are evident fran the dlaracterization given
above of the u.s. regime am its prci>lems. '!be last task is the DKJSt
inp:>rtant am the DKJSt difficult because it nq.rlres agreement at basic
resource management principles, am such agreement is lacki.rg. '!be
united states is, however, pzog.r:essirg slowly ta.r.rcmi a najority view
that cansezvation of renewable livirg marine resooroes nust have
priority aver the develqment of other marine am coastal uses am
resooroes (minerals, oil am gas, tourism, etc.).

Inprovement of the existirg U.S. marine am ooastal. resooroes
management system dictates an iIx:remental. approach to breaki.rg dawn
jurisdictiatal am sectoral ba.tmaries, or overoc:ani.rg the prci>lems they
create. Irxblesia nay dloose a different path, however, am determine
an overall marine resooroes management policy before creatirg a 1'1Ul1iJer
of separate marine ani coastal resources management programs. Whatever
path is chosen the u.s. experieooe will be directly :relevant to
Irxblesia 's task of organizirg a marine am coastal resooroes
management p:r:og.r:am.

Archer, J., am T. Eid1enberg. 1987. 'Dle federal consistency
doctrine: ooastal. Zale management am ''New Federalism." Ec:x>logy
law Quarterly 14(1) :9-68.

Archer, J., am R. I<:necht. 1987. 'Ihe U.S. natiatal coastal Zale
management program-prd:>lems am ~rb.mities in the next P1ase.
Coastal Management 15: 103-120.
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Marine resooroes are materials that cxx::ur in the sea in such a fom
that their eoaonic extractioo is partly or potenti.ally feasible. It
is axiauatic that eoaonically extractable materials cxx::ur in the sea
as a result of features of the marine enviranent itself. For exanple,
fisheries cxx::ur as a result of the rutrient cbemi.cals (~,
nitrogen, siliOCll, etc.) that are foun:l in abIOOarxle in lighted surface
waters so that plants can carry art: pxrt:osynthesis. 'D1i.s process
cxrJVerts the SlDlIS energy into plant tissue, whim provides the basis
for the food chain that leads to fishery harvests. en a lcn;Jer time
scale enviraJDe11t:al. processes cause the fonnaticm of mineral rescuroes
in ecxt'lalli.cally exploitable oalcentratioos. 'D1i.s is best exenplified
in Imalesia by the sul::Inarine tin deposits that fonned as
tin-cart:ainirg granitic :rocks, dea i11'OSed thra.J3h weatherirg to fom
tin-rim sediJnentary particles. 'Dley then flowed seaward in rivers am
were oa1ceu'trated by ocean CUl:lellts to fom the tin belt of
oorthweste.rn Imalesia.

Because the ocean envira1ment is so inport:ant in the fonnaticm of
marine resaII'Oe CXI'X&ltratioos, ale BUSt st\¥iy the ocean for help in
the searc:h for such rescuroes. Even Dm'e inportant, ale BUSt
umerst:arn how the ocean fOI1DB eoaonically exploitable calCelltratioos
of materials. Maritime oamtries can then devise effective policies
for manag.i.rg exploitaticm of these materials am can avoid, or at least
oalt:.rol, their depleticm. Because the need for resooroes has
unfortunately al.mst always exceeded our krlcwlEdJe about the ocean
features that fom them, man has often used marine resooroes UI"lWise1y,
particularly livirg cnes. 'lb oonect this problem, the resooroes am
the processes that fom them BUSt be stOOied both before am durirg the
period that the rescuroes are be.i.rg utilized.

'!he science that focuses 00 ocean~ am p:ooesses is
oceanograPJy. 'D1i.s field oatiiUll.y has four subdivisioos aocordiJ'q to
the basic science beirg awlied to the ocean. Biolooical ooeanoqrarhy
awlies biology to st\¥iy life in the ocean am its relatialShip to the
marine envira1ment. 01emical ooeanoqrarhy awlies chemistry am
geodlemistry to cbemi.cal distril::utioos am reactioos in the ocean.
Geolooical ooeanocrratiJy awlies geology am qecptysics to seafloor
features. Blysica1 ooeanograOOy awlies basic Ptysics am BaDe methods
of meteorology to umerst:arn how am 'Nhy seawater DDVes. A oatplete
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umerst:.arni.rJ of ocean~ usually nq.rlres awlyirg several. of
these sutxUsciplines at the same time. For exanple, krnlled;Je of
seawater m:NeIl1el1t is essential to umerst:.arni.rJ fUlly the fomatiat
processes of livirg matter as well as the distribItiat of fish,
plankta1, chemicals, am sediments in the sea.

~: A RPSCXJ.RCE IN ITSEIE

:Koowled;Je of the marine envircnDent itself can be a resource of
vast eoaonic value to In:b1esia. ExaDples fran marine PJysics ani
qeqiIysics are used to develop this thesis because these sutxJi sciplines
usually seem further reI'IDVeCl fran resource issnes than marine biology
with its linkage to fisheries, marine geology with its linkage to
mineral resooroes, ani marine denistry with its linkage to chemical
extractiat fran seawater.

Because the density of seawater is greater than that of air, the
ocean respaDs nm:e slOlrily to c:ilan3es in heatirg ani win:l stress than
does the at:m:splere. '!he ocean also has a very large capacity to store
heat enmgy am rutrient chemicals. '1hus, alOe the ocean has started
DDV'irg it can transfer great quantities of energy across the earth's
surface. SUCh transfers, if dJserved earlyernJgh am with E!rICDJb
umerst:.arni.rJ of their enviLamental. iJrplicatia'lS, can be used to
predict future climatic am ooeanograpuc events. When such events
iIx:l.\.'de c:b:'c:u;#lts ani forest fiLes, such as these that plagued In:b1esia
in 1982-1983, the eoaonic :iDpact of ooeanograpuc krnlledge ani
ciJsel:vatialS can be significant. SUCh predictialS are now possible
t1lrcu1h the grOlrI.i.rg krnlledge of the P1Ysics of the El Ni.no-Sart:hern
Oscillatiat (ENSO) that periodically disnJpt:s the stability of the
equatorial Pacific.

~jor ooeanograpuc stmies siIa! the mid-1970s have focused at
umerst:.arni.rJ the processes involved in the El Nino-sa.rt:he.m
Oscillatiat. 'Dlese stmies gained special attentioo Wlen the 1982-1983
ENSO tumed art: to be nm:e extreme than any in reooxded hi.st:my. It
was marked by dra.¥;Jhts am forest fiLes in In:b1esia am Australia:
prqlerty damage am human lives lost fran floods am larxJslides in
Peru, Chile, Ecnador, am the united states: collapse of the sardine
fisheries off Peru: urrosual. sea surface tenperatures am sea levels all
across the Pacific: am depressed theJ:mx:line depths in the eastern
Pacific (cane, 1983: Rasnussen am Wallace, 1983: Barber am Chavez,
1983). 'Dlese events now awear to be linked to ablormal. distribItia'lS
of a~ic pressure, sea surface tenperatme, am sea levels that
develcped across the t.rq>ical Pacific about six nart:hs prior to the
adverse climatic am biological events that affected human pcp.l1.atioo.
Because the enviLamental linkages between these events are now well
ernJgh known, major efforts are be.i.rg made to predict events with
catastJ:qirlc human oalSeqUetlOEtS fran the earlier, J'lQl-life tlu:eateni.rg
events that occurred in the ocean (Walsh, 1987).
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'D1e oceanic signal for the alS8t of EmO~ 1& nat known for
Inialesian seas, alt.hcu]h accardi..nj to cne theory there are c::ban;Ies in
both sea level. ani tha1:'Dx:line depths. Amt:her signal may also occur
in the sea sir¥::le surface telrperature distrib.ttiem charged c:Ner DUd1 of
the westem Pacific in 1982-1983 (1OJbota, 1987). It is reasa'lable to
asSlme that i.rx:reased stuiy of the PJysics of Inb1esia' s seas will
identify an EmO signal, thereby providiIg early waminl of drcujlts
with their adverse effects em agriculture in general ani rice culture
in particular. SUCh a waminl woold be a :resooroe of inestimable
social value potentially dJtainable fran Irxblesia's seas. 'Dle same
measurements used to detect these c:han;Jes can also be used to detemine
l.1pNellirg areas in Inb1esia.

sediment:al:y mineral resa.trOeS, iJx::l\.di.rg petroleum, are distribIted
within or between di.stirx::t strata of sediments. Recogni.tiem of the
age, :relative positiem, ani resooroe potential of these strata 1&
central to exploratioo for sedimentary minerals. over the last several
years a revoluticmary geqilysical~ to sedimentary minerals has
been devel.qJed by Peter vail ani associates. Orrel.ated seismic ani
stratigraprlc data are used to detennine the distrib.ttioo of sediments
bc::Jumed by specific past sea-level. events. 'Ibis tedmi.que~ to
have widespread awlicability because major sea-level events affect
sediments all aram the globe. It allows seismic reflect!alS fran
sub-bottan profilirg to be used as time lines to provide regiatal ani
glciJal. d1ralOStratigraprlc oorrelatialS. Haq et ale (1987) assert that
the tedmi.que ''has been particularly valuable in fraltier areas where
it aids in the ptedri1l detenninetioo of geological exploratioo
parameters fran sehvnj c profiles."

Use of the sequence stratigt:aply tedmi.que has been limited because
centrol oorrelatia'lS to magnetostratigt:aply, d1ralOStratigt:aply, ani
biostratigt:aply have been based 00 prcprietary data of the Exxa'l
carporatioo. 'Ibis limitatioo was reoently raooved by the Haq et ale
(1987) article in science in wtrldl "an effort has been made to devel.q>
a realistic ani accurate time scale ani widely awlicable
d1ralOStratigt:aply ani to integrate depositional sequeI'X'es documented
in pmlic danain o.rt:.crop sectia'lS fran variws basins with this
d1ralOStratigraprlc framework."

'Ibis new tedmi.que oould now be awlied to Irrlanesian oct1tinental
margins. 'Dle sunda Shelf seems particularly well suited to such an
~, sir¥::le clear evidence of arx::ient sea-level. fluctuatia'lS are
well presezved 00 its surface ani presumably occur in its interior
strata as well. other Ima1esian continental margins may be equally
well suited to sequence stratigraprlc analysis, alt.hcu]h the
tectonically active plate ba.1mazy areas may require local IOOdific:atioo
of sea-level. cur:ves. 'Dms, basic ~ledge of seafloor stratigrapty
can be used to predict the distrib.ttioo of new petroleum ani other
sedimentary mineral :resooroes in Irxblesia' s offshore seas. 'Ihese
predictia'lS will need to be tested.
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Predic:t.inJ climatic c::han;Je fran krnlled;Je of ocean PJysics ard the
~ of mineral resooroes fran krnlledgre of seafloor straticjrapIy
are ally two ways in tmidl basic ooeamgraprlc informaticn exw.d be of
value to In:blesia. other ci:JVioos exanples ioolme usirg rE!IIDt:el.y
sensed data at the distribltiat of thermal ciisoa1tinlities as a key to
the distriJ:utiat of pelagic fish such as tuna, DBCkerel, ard skipjack,
ani usirg krnlled;Je fran met:.eorology, PJysical~, ani
biological~ to predict the fisheJ:y iDplicatialS of ocean
upwellirg created aroorxi islarns by JIa'lSOa'la1 am local wims. Many
other exanples exw.d be mentialSd because it is axiauatic that
krnlledgre of an enviraJmel1t eJ'lhar¥Jes human use of it. 'Ibis is as true
of the oceans as it is of the lard.

'D1e Fn;Jlish pdlosqiler F'raoois Baoa'1 is mat often credited with
sayirg "I<mwled;Je is power." 'Ibis old maxim is \lOrth rAUen' erirg as
Inda1esia enters an era of exploitirg its marine resooroes. Basic
krnlled;Je of ocean~ can provide the power to use these
resooroes-ard wisely eJnJgh to sustain their use into the future.
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Natiatal SCierD! F'o.lrdatioo

'!he participatiat of Irxblesian ocean scientists am ergi.neers in
:intez:natiatal collaborative projects is essential to aooelerate the
rate of devel.qment of Irxblesia' s marine resources. '!he world
oceans--an:l imeed the Irxblesian waters-are inmense. No ate oamtzy
possesses elX:uJb resources to mderstard fully the processes that
oa1trol the abJrK:Jaooe of living resooroes am the distribItiat of
ncnliving resources in the ocean. COllaboratioo with scientists fran
other ooontries will help Irxblesian ooeanog:t"ali1e 00tain access to
ships am to the rapidly chaJ'x;ing t:ectmology needed to evaluate,
manage, am. protect the natiat's enOl:moos ocean resooroe heritage.

'!he t:ectmology for c:iJserving the ocean surface am depths is
chaJ'x;ing rapidly. '!he use of t:emOte sensing to view the ocean as a
whole am oarp.It.ers to pz:ooess the data have dramatically altered how
the ocean is stlX1i.ed. ocean-dJserving satellites have also radically
c:barged the ability to c:iJserve the ocean as a whole. For exanple,
SFMIAT, the first ooean-dJser:ving satellite, was lal.D'ldled in 1978.
nJring its 100 days of operatioo it provided a picture of seannmts am
mi.c:kx::lean ri.ci1es at the ocean bott:an that is far Dm'8 detailed than
maps made fran data collected fran ships CNer the past 100 years.
F\.lrt:henoore, SFMIAT obtained data abaIt deep ocean floor stroctures
that are iDpraving our~ of how those features fonn.

Ar¥Jther exanple of the results of t:emOte sensing are nart:hly maps
of the distribItioo of dllm:qixyll (plant pigment) in nearsurface
waters. 'Dle coastal Zale COlor scanner (CZCS), also lal.D'ldled in 1978,
collected data abaIt the distribItioo am abJrK:Jaooe of dllorqi1yll.
Because areas rim in dllorqilyll nonnal.ly suwort large fish
pcp1l.atioos, krx7.ving 'Ittlere dllm:qilyll is aDJrxJant suggests 'Ittlere
potentially exploitable fish pcp.l1atioos are located. It woold be
inpJssible to natch the data, even using many ships operating full
time. '!he CZCS data provide a snapshot of dllorqi1yll distribltiat
CNer the entire ocean.

Rem:Jte sensing tectmiques generate vast quantities of data.
Ccarprt:.ers am highly trained peq>le are needed, lxf".1ever, to tum the
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data into useful proc:hx:ts such as maps. '!he utility of such data is
greatly in:reased by ClCIXbini.rq different types of d:Jservatioos for the
same ocean area. For instarx::le, ClCIXbini.rq data en the~ of
the seafloor am variatioos in the earthI s gravity at the same point
helped answer fun:Jamental. questioos abcut the processes fm:miJ'g the
ocean floor am various mineral deposits.

'lhese t:edmiques are mw used in many ca.mtries. Japan, for
exzmple, regularly iSSllAS maps am pr:edictioos of ocean ocniitioos
derived fran satellites am their data san:oes. By collaborat.in} with
other ca.mtries, In:XI1esian scientists am ergineers can get access to
the data am learn how to awly them to In:XI1esian waters. Many of the
I"E!IIK:Jte sensirq t:edmiques require mdificatien, however, to oc.pe with
the OCIlPlexity of ocean am seafloor ccn:li.tioos in In:XI1esia.

Q:J1i)ini.rq the new I"E!IIK:Jte sensirq capabilities with 1M/upn-Emellta of
cut:lents am water prcp!rties pennits detailed JDaR>irq of water flows
am stJxJi es of the origins of subsurface water masses. '!he ptqlOSed
In:XI1esian seas 'Dnu¥;Jhflow Experiment (INSTEP) will in:::l.ude use of the
mst 100dem satellite t.ec:i1niq.Jes ClCIXbined with alS of the oldest am
still powerfUl t:edmiques, lDei'\SlJrEllBIt of sea level~. '!he
intensive d:Jservatien period (1988-1989) will provide the basic
framework for laxrtem DDlitorirq of the water flows in In:XI1esia
durirq a seocni several. year period. DJrirq the start-up lilase, u.s.
scientists will provide extensive trai.nin} for t:edmicians, ergineers,
am scientists. DJrirq the lager tem DDlitorirq PlaSe, In:XI1esian
scientists will carry art: mst of the field d:Jservatioos am data
analysis.

New t:edmiques are mw also available to semple below the ooean
floor. '!he Internaticnal. ocean Drillirq PJ:o;p:am qleI'ates a
state-of-the-art drill ship to collect semples am scientific
informatien fran the ooean floor. !tJdem laboratories en the ship
pennit at-sea sbdy of semples. '!he involvement of In:b1esian
scientists in the ptcposed drillirq qleI'atioos in the In:lian am
western Pacific ocean in the late 19808 will acquaint them with that
t:.ed1rvJlogy, lIobidl prani ses to be extremely iJrportant in answerirq many
unansweIed questioos abaJt the history of the archipelago am potential
mineral rescAlrOE!S en the deep ooean floor.

S;Ux,e the ooean is glc:bal. am knowle&3e abaJt it is intematicnal.
am c:har¥;Jirq rapidly, it is iJrportant that In:XI1esian~
have access to the \IOI'ldwide data am the scientific am ergineerirq
t:edmiques needed to evaluate, manage, am protect its marine
resources-both livi.rx.J am l'Dllivi.rx.J.

'!he ooean is :intnense, am scientific resources of all natioos are
limited. only by worki.n:J together will the many iJrportant questioos
abaJt In:XI1esia I S marine resources be answered. In~ am
exploitirq the ooean, all oamtries are developi.rx.J ca.mtries. ltlJcb can
be gained fran workiJ'g together.
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~c Features of the IrD::Ilesian waters

Abdul. Gani IlalnD! ani SUjatJD Birowo
center for oceanologica1 Researdl ani Developuellt

IrD::Ilesian Institute of scierres

'!he IrD::Ilesian archipelago is situated between Asia ani Australia
ani between the Pacific ani the Inlian oceans. Its waters cxx:upy JOOSt
of the SCAltheast Asian region ani fonn a geograpuca1 mdt with oc:aplex
structures am dlaracteristics.

In~c tenDs Irrla1esia I s seas are part of the Pacific
ocean \ttbich is separated fran the Inlian ocean by the islams of
sumatra, Java, Bali, TCJJix>k, SUlliJawa, SUlriJa, TiIoor, ani Melville. '!bey
are filled priInarily with water fran the Pacific ocean. '!he l'll1lDerCA.1S

laJ:ge ani small islams of IrD::Ilesia separate its many seas, \ttbich are
cannected by channels ani passages of varyirg widths am depths (see
Figure 1).

IrD::Ilesia I s seas are \.D'lder the stra'g infiuerx::e of the DO'lSOCI'l
blowirq between Asia am Australia. '!he effect of the lIO'1SOCI'1 on the
~c dlaracteristics of the IrD::Ilesian waters can be seen
clearly, especially in the uwer layer. Fran october to March the
so-called oorthwest DO'lSOCI'l blows mainly fran west to east in mst
parts of Irrla1esia. Fran April to september the sootheast lIO'1SOCI'1
blows fran east to west. '!he northwest llDlSOOl1 is oonnally
dlaracterized by relatively heavy wiros ani rains, \ttbile the sootheast
JIO'lSOOI'l is dlaracterized by light wiros ani dry m:mths.

Almost all types of bottan~y are fam in the IrD::Ilesian
waters, inclu:lin] oa1tinenta1 shelves (the suma Shelf in the west am
the sahul Shelf in the east), oa1tinenta1 ani insular slqe;, deep-sea
basins, 'trc:u1hs, ani trendles. Volcanic ani coral islams are also
fam in this area. In its di.stri.l:ution of water am lam, Irrla1esia
is considered to be cne of the JOOSt oc:aplex structures at earth.

'!he mdqueness am oc:aplexity of the Irrla1esian waters have
attracted scientists fran many cn.mtries. Major international
~c expeditions have irdWed the OlallenJer (1872-1875),
Gazelle (1875), Valdivia (1899), Siboga (1899-1900), Planet
(1906-1907), 5ne1lius I (1929-1930), Albatross (1948), Spencer F. Bird
(1947-1950), ani Galathea (1981). In recent years In:ionesia has
participated in several international oceanograrhic cruises carried cut
in the Inlian ani Pacific oceans, such as the International Inllan
ocean Expedition (1958-1963) ani the OXJperative sttrly of the~o
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0Jrrent (1970-1974). Siooe 1970, Imcnesia has been carryirg oot
ooeanograpllc cruises in its own waters en the basis of a five-year
program. 'lhese cruises are designed to stl¥iy the water characteristics
of the pelagic system. AbcAlt 30 cruises have been carried oot thus
far.

Fran June 1984 to J\1ly 1985 the 8nellius II expedi.tien was
carluct:ed jointly by the Imcnesian am D.1tdl qaverrments in the
eastern Imcnesian waters. '!he results of the expedi.tioo will be
presented at a synposium to be held in November 1987 in Jakarta.

Valuable infonnatien en the ooeanograpllc characteristics of the
In:ionesian waters has~ in several p.1blicatioos (WyrtJd., 1961;
Soegiarto am Birawo, 1975; Soegiarto, 1978).

Because its waters are st.ra'gly infil.Jel'D:d by the llDlSCXX1S,

In:ionesia is an excellent site for stl¥iyin;J the effects of lIOlSOa'lS en
water circulatioo am the PtYsical, chemical, ani biological prcperties
of water masses.

D.1rirg the oorthern Sl1l'l'IDIer a low-p:ressure area. develqJS aver Asia
ani a high-pressure area. develqJS aver Australia. 'Ihese high- ani
low-pressure systems cause the JIO'lSOOI'l to develop aver the Imcnesian
archipelago. Because the pressure distribltioo is statiooary, the
wi.n:Js are rather constant, especially aver the sea.

'!he peak of the low-pressure area. aver Asia am the high-pressure
area CHer Australia ocx::urs fran June to A1.J;JUst, when the stable llDlSOOIl
wi.n:Js blow fran sart:heast to oorthwest (sart:heast llD1SOal). '!he
high-pressure area. aver Asia ani the low-pressure area CHer Australia
occur fran DecemI er to FebnJary, when the stable llDlSOOIl wi.n:Js in mst
of In:ionesia blow mainly fran oorthwest to sart:heast (oorthwest
l'LDI'lSCXX'l) • '!he oorthwest ani sart:heast JIO'lSOa'lS are a1ly true for the
area. scuth. of the equator. '!he area. oorth of equator experiera!S a
oort:heast wird fran Deoen'Jer to FebnJary ani a sart:hwest wird fran J\1ly
to 8ept:erIiJer. '!he area. close to the equator experiences the oort:h am
scuth. llDlSCXX1S, respectively.

In the transitioo nr.nths fran the oorthwest to the sart:heast
~, April, ani May-the wi.n:Js are extremely variable. In
November ani octdJer, the transitioo period fran the sart:heast to the
oorthwest llDlSOOIl, the wi.n:Js are also variable ani 'A'eak.

'!he llDlSOCI1S st.ra'gly infl~ the surface currents in the
Irrlalesian waters. '!he :relatiooship between the llD1SOal ani the water
circulatioo affects in tum the sea.sooal. distribltioo of the water
pI'q)erties at the surface.

'!he llO'lSOOl'lS, owirg to their oanstarx:y am regularity, are capable
of generatirg am sustainirg surface currents in the Irrlalesian
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waters. F\Jrthe.nIm'e, the geogl:apllc layaIt of these seas favors this
developuE!lnt. '!he line CDDa:::ti.rg the SQlth China sea, Natuna sea,
Karimata strait, Java sea, Flores sea, Barda sea, an:i Arafura sea is
parallel to the axis of the DalSOCIlS. 'lblS, as the DalSOCIlS c::t1arge
directicn twice a year, the surface water circulaticn is also reversed
over a lazge area. '!his is typical of the all:l:ent system in the
sootheast Asian waters.

In the begiJ'Jnin;J of the sart:heast JIO'lSOa1 (in May an:i JUne) a wide
an:i uniform drift all:l:Eut develc:ps in the mrthem China sea. '!he
larger part of these water masses passes t:hralgh the Fol::mosa strait
into the East China sea, llbil.e a smaller part flows t:hralgh the Bashi
<hmnel to form the root of the lOJroBhio On:rent. Because the SlJR>ly
fran the Java sea is Itt sufficient, the flow within the strait of
Macassar is di.rected toward the sart:h, am in the regicn of the Natuna
Islams it tums back to the rx>rt:h. '!he water mak.in;J up this CU:t:l:eut
CXIbE!S partly fran the SUlu sea am partly fran a comterc:urrent fm:med
in the C&1b:al part of the China sea. In A1.J;JUst, when the sart:hwest
JIO'lSOa1 is stzagest, the water 1IlOVBbBI1ts are considerably stra'vJer
than in SE!pt:e!tiJer an:i octdJer when they lessen. In octdJer the
northeast JIO'lSOa1 is already blowin:;J with OCX'lSiderable sb:ergth.
Influenced by the wims, the water masses of the North Equatorial
0Jrrent sart:h of Formosa are deflected sart:h into the China sea an:l
other water flows toward the rx>rt:h t:hralgh the Fol::mosa strait. In the
center of the China sea a comterc:urrent is fm:med. Because the
sart:heast JIO'lSOa1 is still blowin:;J over the Java sea, Itt all of the
water in the China sea can flow into it (Figure 2). 'lblS, a CU:t:l:ent is
fm:med alcn;J the coast of sarawak flowin:;J northeastward. In DecelI'er
the nartheast JOOtlS()al readles its full developuE!lnt an:i the currents are
stra'g, often exoeedir¥J 100 aD/sec off the shore of Vietnam. A new
comterc:urrent is fm:med in the center of the China sea. In February
the main curl:e1rt is a1DDst the same as in~, an:i by April the

. whole CU:t:l:e1rt system of the nartheast D01SOOIl has dissolved into two
ediies, ale nartheast an:i the other sart:heast of vietnam.

'!he Java sea is small empared to the SQlth China sea, am the
CU:t:l:ellts develqled t:he:t:e occupy its full width. Fran May to SE!pt:e!tiJer
the CU:t:l:euts flow to the west, am fran November to March they flow to
the east. In April am october the direction of the flow~ am
ediies occur.

In the Makassar strait the sa.rt:hwan:l flow is ciJserved durir¥J the
whole year, an:l the velcx::ities are oonnally small. '!he stragest
CU:t:l:ents occur fran February to March am fran J\lly to SE!pt:e!tiJer. '!he
lowest velcx::ities are fm:med in Deceli' er/JaI'I.18rY am in May. In the
sart:hem part of the strait the water mass flows into the Java sea
durir¥J the sart:heast JOOtlS()al am into the Flores sea durir¥J the
northwest D01SOOIl (Figure 3).

Over the Flores sea west wims prevail fran Deceli' er to March an:i
east wims durir¥J all ather llDlths. Aocordi.rgly, fran ~er to
March the uniform CU:t:l:errt that is fm:med to the east is intensified
alcn;J the mrthem coast of the Nusa~ !slams. With the
disawearaooe of the west wims in April, a weak all:l:e1rt to the west is
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fonned sart:h. of the SUlCNeSi roast, l41i1e north of Nusa Terggara a
strcn;J current to the east still prevails. DJrirg the full sa.rt:heast
JlDl'lS()al in JUly am A1.J;JUst the 'MeStward flC1Ni.rg drift current in the
northern part of the Flores sea occupies DJSt of its width, am in
A1.J;JUst it readles a velocity of abcut 7 cm,Isec. With the wani.rg of the
sa.rt:heast JDCI'lSOOIl the cx:astal. curl:e1rt north of the Nusa Terggara
Islams is again intensified, am in october ally a 'A'eak drift CUll:e1rt
is ciJserved sart:h. of SUlCNeSi.

DJrirg the northwest JDCI'lSOOIl water fran the Flores sea enters the
Bania sea. Part of this water flows north of EUru Islam into the
ceram sea am fran theI'e thrc:u]h the Halmahera sea into the Pacific
ocean. Another part flows as a wide drift sart:h. of ceram into the
Arafura sea. In April, at the time of the dlarqirg JDCI'lSOOIl, the
currents are variable. DJrirg the sa.rt:heast JlDl'lS()al the water art: of
the Pacific flows thrc:u]h the Halmahera am ceram seas into the Bania
sea am passes in a sa.rt:hwestward direction into the Flores sea. In
the eastern part of the Bania am Arafura seas ally a 'A'eak drift
current develqJS over the entire year. '!he drift current over the
shallOloi parts of the Arafura sea follows the direction of the wirxi.

In the TiIoor sea a sa.rt:hwestward curl:e1rt with its axis close to the
roast of TimJr prevails durirg the entire year. Fran April to
september the Tim:>r 0Jrrent l:eadles the Australian roast, althaql its
velocity dect'eases. Fran octaber to April the curl:e1rt takes its water
art: of the current flC1Ni.rg alcn:J the roast of the Nusa Terggara Islams
to the east, which then turns aranxi the eastern em of TiIOOr. DJrin;J
the full deve10fiLetlt of the sa.rt:heast JDCI'lSOOIl the TimJr cun:ent is
SlJR)lied by water fran the Arafura am the eastern Bania seas,~
upwellirg occurs.

'!he SUlCNeSi sea is open wide to the Pacific ocean. A brancil of
the MiIrlanao cun:ent flows sart:h. of Mimanao sa.rt:hwestward into the
SUlCNeSi sea. Its water is deflected to the sooth am later to the
east alcn;J the northern roast of SUlCNeSi. In the region northwest of
Halmahera this coastal curl:e1rt joins the branch of the Mimanao cm:rent
~ directly fran the north between the islams of Talam am
sargihe. Together they :receive the water~ art: of the ~lucx::a

sea, fonnirg the :root of the Pacific equatorial c:nmtercurrent. 'lhis
system of ciIo.ll.ation is maintained t.l'1rooghaIt the year, even thaql
its extension to the west may vary.

'!he current in the Makassar strait is SUWOrted fran February to
september a1nrJst exclusively by water fran this current system. EUt
fran october to JaJ'lUal:Y, when north winds prevail over the SUlCNeSi
sea, the eddy in which the MiIrlanao 0Jrrent turns back to the east is
displaced to the east, am water fran the SUlu sea flows thrc:u]h the
westenl part of the SUlawesi sea into the Makassar strait. In the
northem part of the SUlawesi sea the water IlDVement is nonnally'A'eak
am irregular, but fran March to July IlDVement into the SUlu sea
prevails am durirg the other nart:hs water IlDVements are toward the
sart:hwest•

A small exchan;Je of water occurs between the Irx:li.an ocean am the
smm Shelf thrc:u]h the Malaoca am smm straits. In both straits the
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water DDYeS generally toward the In:lian ocean, am this DDYeIDE!I1t is
sttaqly :related to the surface gradient of the sea level t:hrculh the
strait. In the suma strait the flow readles a max.iDum in A1.9Jst
durirq the swtheast JIO'lSOa1 am a secxn:l max.iDum in DeaMt'er/JarI.1arY
lIthen the northwest JIO'lSOa1 is fully develcpd. In the Malaoca strait
the sttaqest DDYeIDE!I1t is fran JarI.1arY to April durirq the northeast
DalSOCl1. '!his is chiefly caused by the low sea level in the Amaman
sea durirq this seasm.

'!be water cin':u1atiem of Imalesia I s seas thus primarily originates
fran the Pacific ocean. '!be waters of the Pacific ocean enter these
seas t:hrculh the SaIth arlna sea in the west am the SUlawesi, ~lucc:a,

am Halmahera seas in the east. '!be flow fran the In:lian ocean into
Imalesia I s seas is possible t:hrculh the Malaoca am suma straits am
the straits between the Nusa~ Islams. '!be Malaoca am suma
straits are narrow am the waters~ there flow mnual.ly toward
the In:lian ocean. '!be same aR'lies for several. straits between the
Nusa '1'en;Jgara Islams. Of greater~ is the flow of water
t:hrculh the TiDm' sea into the Indian ocean.

Transport of water Masses

'!be circul.atiem of the Imalesian waters varies OCI'lSiderably under
the influen::s of the c:::ilarXJirq 1IO'lSCQ'lS. 'Dms, their anrual variatioos,
circulatiem, am transport are of the greatest interest. Wyrtki (1961)
has calculated the transport of the varioos CUJ:1e1It brardles in the
SCl1theast Asian waters, incll.l:lirq the Imalesian waters (Table 1).
'lhese dynamic calculatioos are based em cb3erved data related to wims,
sea levels, am currents. '!hey are restricted to the uwer layer above
am within the disoaltindty layer (the uwer 150-200 m) because
infonnatiem about DDVeIDel1t in the deep layer is too scarce. '!he
1lO1SOCI1 current develc:ps mainly ala¥3' a line CDDa::ti.n:J the SaIth
arlna, Java, Flores, am BarD! seas, because this line a1DrJst coincides
with the axis of the wi.n:Js durirq bath lIO'lSOalS. otl1er regioos, such
as the ~ucca sea, Makassar strait, SUlawesi sea, am Halmahera sea
are less favorably situated with respect to the directioo of the
wi.n:Js. '1hrcu]haIt these regiCl'lS c:arpensatirq currents cxx::ur between
the Pacific current am the JIO'lSOC81 cur1e1It.

tl1en the northeast 11OlSOOl1 is fully develcpd, the~ of the
1lO1SOCI1 current t:hrculh the Java sea is alxAIt 4 millioo m Ieee.
D.1rirq this period the water masses of the JIO'lSOC81 CUJ:1e1It leave the
North Equatorial 0J11ent am enter the arlna sea mainly t:hrculh the
I1lza1 strait. '!he water masses leavirq the Java sea to the east join
with those leavirq the Makassar strait am flow to the east as a st:ra'lI
current in the FlOl'eS sea. tl1en enterirq the BarD! sea the DalSOCl1
current splits into three parts. one part flows t:hrculh the ~lucc:a

am Halmahera seas into the Pacific ocean am ems in the Irian Coastal
0J11ent. Aoother part ems in the BarD! am Arafura seas, \ttlere durirq
this period sink.:in] water occurs. A third part turns to the SCAItheast
of the Nusa '1'en;Jgara Islams am forms the Tiloor 0J11e1It. 'lbrc:uJh this
current an exdlarqe of surface water with the Imi.an 0C:lean occurs.
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TABlE 1 Transport of QJn:811ts in the Sc:a1theast Asian waters (Millicn
Olbic Meters per 8ecx:ni)

Feb. Apr. J\me A1r:;J. oct. Dec.

Pacific ocean
North Equatorial 0Jrrent 41.0 32.0 41.0 39.0 37.0 37.0
Mimanao 0Jrrent 12.0 8.0 9.0 10.0 9.0 12.0
Fm:msa 0Jrrent 24.5 37.5 35.0 30.5 27.0 21.5
CCAmtera1rrent 9.0 15.0 16.5 14.5 9.0
Irian coastal on:l:ent 5.0 5.0
sooth Equatorial 0Jrrent 8.0 10.0 10.0 6.0

sootheast Asian watpm
I1lza1 strait, westwal:d

positive +2.5 0.0 -3.0 -2.5 +0.5 +3.0
Makassar strait, sart:hward 1.5 1.0 1.0 1.5 1.0 0.5
China sea off Vietnam,

sart:hward positive +5.0 +1.5 -3.5 -3.0 +2.0 +5.0
Java sea, eastward

positive +4.5 +0.5 -3.0 -3.0 +0.5 +4.0
Flares sea, eastward positive +6.0 +2.0 -2.5 -2.0 +1.0 +4.5
Banja sea, upwellinJ positive,

s:inkin] negative -2.0 -0.5 +2.0 +1.5 -0.5 -1.0
Timor 0Jrrent, westwal:d 1.0 1.5 1.0 1.5 1.5 1.5
Halmahera sea,

sart:hward positive -2.0 +1.0 +3.0 +3.5 +2.0 -1.5

In:lian ocean
sooroe of the south

Equatorial on:rent 16.0 12.0 8.0 10.0 14.0 14.0
Java coastal on:rent 4.0 3.0 1.0 2.0
UpwellinJ off Australia 3.0 5.0 4.0
south Equatorial on:l:ent

BaJt:IJr.1est of the
suma strait 20.5 19.5 16.0 16.5 16.0 17.0

Resultant flow fran the
Ima1esian waters to the
Iniian ocean 1.0 1.5 2.0 2.5 2.0 1.0

Ton::es strait, eastward
positive +0.8 0.0 -0.6 -0.4 -0.3 +0.5

sooroe: WyrtJd (1961).
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~ the c::harge of JIO'lSOal in April the cin::ul.atien tleaJrps very
wake '!he~ an::tent still flows in the Java sea am transports
ally 0.5 millien m Ieee. It joins the water oc:min.J cut of the
Makassar ~t am forms a rather sb::ag CU:t:tent in the Flores sea of
2 millien m Ieee. FreD the Pacific ocean a wak transport oocurs
through the RliliR>ines am the SUlu sea into the China sea. Another
braJx:tl splits off fran the Mimanao 0Jrrent ani flows through the
SUlawesi sea into the Makassar strait. FreD~ south Equatorial
0Jrrent of the Pacific ocean about 1 millien m Ieee penetrates
saIthward through the Halmahera sea. '!he larger part of the JIO'lSOal

cun:ellt flows through the Timor sea into the Indian ocean.
nIrirg the swtheast lIDlSOCl'1 ocniitialS a:te nearly the inverse of

these durirg the northwest lIDlSOCl'1, with the average transport of the
cur:teut smaller. '!he~ of the lIDlSOOI1 an::teut through the Java
sea is ally 3 mUlien m Ieee. '!he lIDlSOOI1 cur:teut is a1m::lst
OCIlPletely EJUR)1ied by water masses of the Pacific ocean 1"llper1Iill1'!-tra"""tiJ'g
between Mimanao ani Irian. One branch of about 2 millien m Ieee
splits off fran the south Equatorial OD::rent am passes through the
Halmahera sea into the Balm sea. Another braJx:tl splits off fran the
Mi.manao OD:::tent ani flows saIthward through the Makassar strait. tl1en
enterirg~ Java sea the two brardles join ani together transport
3 millien m Ieee of water through the Java am China seas. '!he
JIO'lSOal an::tent finally leaves the China sea through the I.1lzen am
Fm:mosa straits am joins the water of the Fm:mosa 0Jrrent.

D.1rin;J the sart:h lIDlSOOI1 upwellirg devel.qJS in the Balm am
ArafUra seas. A1Ioost all the ascerdir¥J water masses flows through the
passages of the Nusa '1'en;Rara !slams am through the T1Joor sea into
the Inllan ocean.

In octdJer the sart:h 1OOl'lSOCI'l~ to the rx>rth JIO'lSOal. Over
the China sea the sart:h lIDlSOOI1 has already started with OCX'lSiderable
stIEIIgth. '!he lIDlSOOI1 an::teut al~ the~ of vietnam is already
devel.qm am is t.ransport:i.n; 2 million m Ieee of water saIthward,
b1t the larger part of this water tums nort:mm:d befo:te enterirg the
south China sea (ani is transported back al~ the roast of
Kalimantan). In the Java sea the water DrIVBDel'1ts a:te still variable,
am the eastward flowi.rg lIDlSOCl'1 an::tent has not yet started. Fran the
SUlu sea the water masses flow saIthward through the western part of
the SUlawesi sea ani through the Makassar strait to join in the Flo:teS
sea with the an::tent al~ the Nusa '1'en;Rara. In the eastern parts of
:In:XI1esia the water DrIVBDel'1ts a:te still weak. only through the Tinm'
sea does a considerable an::tent flow into the Inllan ocean.

GmERAL PROP.tRI'IES OF '!HE WATER

'!he Pelagic System

Because :In:XI1esia's seas a:te located in the equatorial regien,
their surface water is dlaracterized by high tepn:atures. 'lhese high
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terperatures ani low salinity reduce the derEity of the surface water
rather markedly. '!he large excess of rainfall aver evaporaticm causes
an average surface salinity of less than 340/00. '!he derEity of this
water always nmrlns below Sigma-t 22.0 (specific gravity of aba1t
1.022). '!his light t:rcpical surface water oaltrasts stral:Jly with the
cold water masses in the deep!r layers with a Sigma-t of 27.7-27.8.
'!he transiticm layer between these two water masses, defined as the
discxl1ti.nuity layer, is fam between 200 ani 300 m. 'lhi.s stable layer
practically prevents any vertical exc.tlan3e of water masses. only in a
few places ani in certain seaSCJ1S is the stable stratificaticm
disnJpted either by extremely stral:J wims or the upwellirq pzaoesses.

'!he Ptysiooc:hemical properties of the wann water at the surface
rxn:mally ext:erd downward to a certain depth before the properties of
the colder water are elXD.D1tered. '!he lx:Ioogeneity of the surface layer
is maintained by the action of wi.ms, ani in saoe cases by c:m:zellts ani
tides. Beneath the hcmJgeneaJs layer the c.tlarqe in water properties,
especially an iJx:zease in the derEity, begins gradually at first.
later the derEity i.nczeases rather rapidly lD'1ti.1 a maximal derEity
gradient is readled at a depth of between 150 ani 200 m, llIbid1 is the
center of the diSC'altimity layer. Below this the density of the water
ocntinues to iJx:zease lD'1ti.1 a depth of abcut 300-400 m with a Sigma-t
of 26.0. After this level. the derEity i.nczeases ally slightly to
Sigma-t 27.7 in the intermediate layer ani nmrlns CXl'lStant at aln1t
27.7-27.8 in the deep cold layer.

'!he depth of the hcmJgeneaJs layer is of interest in dynamic
ooeanograpw am in marine productivity. over the smm am sahul
shelvee the hcmJgeneaJs layer reaches the battan of the shallow parts.
In the deepr parts high-density water is fam below the }nne geneoos
layer in the discxl1ti.nuity layer. In saoe places, such as in the
SUlawesi ani Flores seas, the lower tx:mnazy of the }nne qelBUJ layer
is fam at aba1t the same depth~ the year. In the eastern
IrD::Ilesia seas, however, the seasonal variaticm is nm:e pranmced. In
the Banada ani Arafura seas the depth of the hcmJgeneaJs layer is aba1t
20-50 m in 0c:::t:.dJer ani aln1t 200 m in Mardl. A similar ranje of
variaticm is reoozded for the deeper part of the sarth arlna sea,~
the hcmJgeneaJs layer, llIbid1 is aha1t 30-40 m deep durirq the scuth
JIO'lSOOI'l, i.nczeases to 70-90 m deep durirg the stral:J oorth l'LDI1SOCXl.

'!he thickness of the d i santinuity layer is affected primarily by
dynamic pzocesses. In a large eddy the wann water masses are pressed
downward, causirg a thick discxl1ti.nuity layer. In the eastern
Imalesian seas this layer maintains a mrlfonn thickness of aln1t 100 m
~theyear.

Tenperature

Like the other Ptysiocxi1emical prqJerties of the surface water, the
terperature varies seasooal.ly, alt:ha.r:Jh the arn.Ja1 variation is small.
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~ the~ lIDlSOOIl, generally high surface terperatures of
29-30 C prevail alcn;J the~ coast of sumatra am in the eastern
Ima1esian waters. Because of the inflOfli of water masses fran the
higher latitudes, however, colder water (26-27Oc) is foorrl in the
sart:h arlna sea. Very different cxntltioos occur durin] the sart:heast
1I01SOCIl. High surface terperatures (29-30Oc) are foorrl in the Natuna
sea (the shallOfli part of the sart:h arlna sea) am lower tEmperatures
(26-27Oc) prevail in the Arafura sea am alcn;J the sa.rt:hern coast of
Java. In other waters tEmperatures ran;Je between 270c am 290c
(Figure 4).

'!he average anrual ran;Je of sea surface tflll'E'Z'atures in the
~torial regicn is less than 2Oc. Slightly higher values, by
3-4Oc, are foorrl in the Banda, Arafura, am TiJoor seas as well as
sart:h of Java. In the sart:h arlna sea the anrual terperature ran;Je
increases as ale goes northward, awi.rq to the increased. inflOfli of cold
Pacific water thrc:u#l the strait of Fonoosa durin] the oorth 1I01SOCIl.

Over the shallOfli parts of the smm ani 8ahu1 shelves the terpn:ature
is mdfom. t.I1rwgtla.It the water coll.Dll1.

Salinity

In oaltrast to the unifom. surface tESlpeICltures, the salinity at
the surface is extremely variable. '!he high rainfall, the nJrK)ff of
many large rivers, am the geograp1ical subdivisicn of the seas are
respa1S:ible for this dlaracteristic. '!he rainy am dry seaPalS calJSed
by the lIDlSOOIl, as well as the seascnal. water cin::ulaticn also gcve.med
by the 1I01SOCIl, affect the arn.Ja1 variaticn in salinity. '!he high
rainfall am di.sdlarge of freshwater fran the !ani lower the salinity.

Figure 5 shows the average distriblticn of surface salinity in the
SCl1theast Asian waters durin] the oorth IDa'lSOal (Deoen' er-May) • In
general, 10fli salinity prevails over the smm Shelf am the coastal
areas, largely as a result of the heavy rainfall ani river di.sdlarge.
D.1rin] the sart:h 1I01SOCIl (JUne-NoveI1tler), however, high salinity
prevails in a1m::lst all the SCl1theast Asian waters (Figure 5).

'!he Java sea is a good exanple of how the IDa'lSOal affects surface
ci.ro.ll.aticn am salinity (Doty am 8oegiarto, 1970). D.1rin] the oorth
1I01SOCIl heavy rainfall occurs t.I1rwgtla.It the~ parts of the
Ima1esian ardrlpel.ago. '!he heavy rainfall, OCl'Ii>ined with the large
nJrK)ff of the many rivers of sumatra, Java, ani Kalimantan, result in a
general lawerinJ of the salinity level near the shoJ:e. In scme cases
water with a salinity of less than 300/00 extems far toward the cpn
sea. At the same time the surface CUlxent fran the 5aIth arlna sea
brin1s the low-sal.inity water into the western Java sea ani pJShes the
high-salinity water eastward. With the alSet of the sart:h lIDlSOOIl this
low-sal.inity water is pJShed back~ ani replaced by water masses
of higher salinity fran the Makassar strait am the FlOl'eS sea. By
SE!ptett)er the high-salinity water masses reach their maximal westward
penetraticn.
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Dissolved 0X}'gen

'Dle surface distrib.Itioo of dissolved oxygen (00) does not
generally show a st.rtn:J seasooal. variatioo. In the eastern Irrlalesian
seas the surface distrib.Itioo of 00 rarges fran 4.0 to 4.5 mI.II,
whereas 00 the surna Shelf the value is~t lower, between 3.5 ani
4.0 mI.ll. At 100-150 m, however, the 00 distrib.Itioo has sane
interestin:J features. In the eastern Irrlalesian waters, for exanple,
the annmt of dissolved oxygen is relatively low, between 2.5 ani 3.0
mI.II, with 00 awarent seasooal. variatioo. Toward the In:tian ani
Pacific oceans it increases, ani in the area of the Mirdanao 01rrent,
00 values of 4.5 mI.II are CUliOCtl. Al~ the sa.rt:hern coast of Java the
00 terns to in:::rease as ale DDVeS fran the ooastal area (2.5-3.0 mI./I)
toward the open water (aver 4.0 mI./I). In the sooth China sea the 00
c:x:n:::entratioo varies between 2.5 ani 3.0 ml/l, ani it increases toward
the oorthem part owin:J to the influence of the Pacific ocean water
InaSSes.

water 'I'ransparerx.:

'Dle transparency of the water is generally measured by lowerin:J a
white secchi disc. 'Dle point at which the discdj~ visually is
:recorded as a measure of transparency. Many factors influence water
transparency, :in::ltdin:J, for exanple, its silt oantent ani the planktal
ani other particulate matter foom in the water. IDN water
transparen::ies (secchi disk readi.J'9; of less than 10 m deep) are foom
off the nnrt:hs of rivers ani in the ooastal waters ara.un sumatra ani
Kalimantan. In general, transparency is high in deep water (10-20 m)
ani in open seas (20-30 m). water transparency does not show a strorq
seasonal variation between the oorth ani sooth JlX)JlS()(XlS (soegiarto ani
Birawo, 1975).

Nutrients ani Primary Productivity

Basic to an urrlerstan:iin:J of the geograIiric, seasonal, ani other
tyPes of biological variation is an~ of the related
variation in primary prcxluctivity-the conversion rate of ioorganic
matter to organic fonn. I<:oowledge of this aspect of the Irrlalesian
waters is still limited, ani investigators have only recently beglm to
gather data. A lll1l1'ber of authors have suntnarized how lIIlCh. is known
aboot the mtrients ani primary productivity in Irrlalesia' s seas
(Wyrtki, 1961; soegiarto ani Birawo, 1975).

'Dle mtrients in the deeper Irnonesian waters have a distrib.Itioo
pattern typical of t.rq>ical waters. 'Dle surface layer is poor in
mtrients with a ~te content of less than 0.2 ugjl. within the
dj scnntinuity layer the~te content increases rather markedly ani
reaches 1. 5 ugjl at the lower bo..m:3ary. A P'lQSItlate content of 2.5-3.0
ugjl is usual in the deeper layer. OVer the shelves the ~te
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oantent varies oalSiderably, deperr:iinJ m the proximity to the river
nnrt:hs am the st:.l:'en3th of the mixinJ processes. In the vicinity of
the river nort:hs the water is nonnally rim in rn.Itrient salts,
particularly durinq the wet DX:I'lSOal. In aatition, in the shallow
waters vertical mixinJ can brinq the mineral at the bottan to the uwer
layer. 'Ihus, there is a CXI1ti.n.1al. SUWly of rn.Itrients to the water
column, enablinq a high productim of organic matters.

Replenishment of the rn.Itrient salts of the surfaoe layer CNer the
deeper waters is achieved either by upwellinq or by the divergent
IOOVE!!lDeJlts of water at the surfaoe, 'Milere DDre fertile water fran the
dj scontirUlity layer can asoem am enter the eupxrt:i.c Zale. 'lhese
mec:hani.snE oc:x::ur ally locally, however, am durinq certain seasalS.

'!he prese!X'e of such upwellinq in the rmooesian waters has been
SlDlIlIarized elsewhere (Soegiarto, 1965, 1975). In 1957 Wyrtki described
the upwe11in;J foom in the Ban:1a am Arafura seas am in the
oorthwest:em Australian waters. In 1962 he detailed the upwellinq
foom alCO] the sa.rt:hen1 coast of Java up to the entraooes to the sawu
sea. In both areas upwellinq occurs durinq the winter DX:I'lSOal, bIt in
the Ban:1a am Arafura seas it takes plaoe sanewbat earlier in A1¥1USt:.
A few smaller upwelli.n]s in other waters, such as off the sa.rt:hen1
coast of SUlawesi, have also been zeport:ed (Wyrtki, 1962; Ilatnne,
1970).

Regioos of upwellinq are d1aracterized by large anamts of planktcn
bianass, high rates of organic matter productim, low water
transparerx.y, am a high cxxaDatratim of inorganic~,
especially at the bottan of the eupxrt:i.c layer. In general, the
surfaoe~te oart:ent of the water is slightly higher durinq the
sart:h DX:I'lSOal than durinq the oorth DX:I'lSOal. '!here is also a gradual
decrease in oantent as ale DDVeS fran the rmooesian waters toward the
Pacific ocean. In the eastern Imonesian waters the average~te
oart:ent varies fran 0.2 to 0.3 ~ All durinq the oorthwest nonsoon,
partly owinq to the upwellinq processes in the Ban:1a sea. In both the
Java am scuth China seas the average~te oart:ent is between 0.1
am 0.2 ~ All in the oorth DOlSOCfl, increasinq to 0.3-0.4 ~ All in
the sart:h DX:I'lSOal.

Figure 6 shows the average surface primary productivity or the
rates of organic cart:lon production of the IIrlalesian waters durinq the
northwest am sa.rt:heast JlalSOOllS. Because the charts shown in Figure 6
are oalStrocted fran rather limited am unevenly distril:uted data, the
results shown shcul.d be considered preliminary. Generally, the ooastal
am ~lOW waters show high rates of organic production (CNer 1.0
u;Vm !h), mainly owi.nq to nutrient enrid1ment fran rivers am fran
the bottan. In deep seas high rates can only be attril:uted to
upwellinq processes such as those occurrinq durinq the sart:h DX:I'lSOal in
the Ban:1a am Arafura seas, the Indian ocean sart:h of Java, am the
Lesser suma islan:is.
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water Masses in the Depths

Althcujl Ima1esia's seas are between the Pacific am :rmian
oceans, Wyrt1d. (1961) has cxn:::l\.ded that these seas are occupied
primarily by water fran the Pacific ocean. Bath aooeasibility to the
Pacific am dynamic c::xniitia1S are respasible for this~.
'Ihra.1ghalt the year the sea level in the regicn north of Hal.mahera am
Irian Jaya is slightly higher than that in the regicn salth of Java.
'lhus, a statialaZY slcpa fran the Pacific to the :rmian J)oean exists.
'!he hydrocJraprlc J:x:unary between the two oceans lies at the aouthem
ent.rarx:&; of the sawu am Tiloor seas, 'Ai1ere the pr'q)erties of the water
masses of Pacific origin can still be fOlD'Xi.

Table 2 shows the sulBlrface water types in the eastern Indalesian
seas (Wyrtki, 1961). Below the surface layer of low salinity am high
oxygen values, bIt still within the disoaltinuity layer, the
ElJbt.rq>ical lower water is fOlD'Xi at a depth of between 120 am 200 m.
'!he salinity of its core layer is aba1t 34.70 0/00, its oxygen
ocntent is between 2.6 am 4.3 ml/l, am the salinity max:im.Jm occurs at
a terpen:ature of between 240c am l3Oc.

tJmerneath this layer are the two :intemediate waters, ead1 with a
salinity am oxygen minimJm. '!he northern :intemediate water
(250-400 m deep) has a tenperature of between 120 C am 9Oc. '!he
salinity of its core ran:JeB fran 34.40 to 34.60 0/00• '!he oxygen
ocntent of its core is relatively high, am is in eI8rf case higher
than that of the oxygen minimJm below it. 'Drls irxlicates that the
water mass had a high oxygen oantent at its fonnaticn. At the lower
J:x:unary of the :intemediate water (350-500 m deep) is a seocni oxygen
mini.num. '!he salinity of its core is higher than that of the
i.nteJ:mediate water, am t:hrc:u;JhaJt the oxygen oart:ent is lower than 2.5
ml/l.

Between the depths of 600 am Soo m is the aouthem i.nteJ:mediate
water with a tenpe't"ature of between SoC am 50 C. Its salinity
varies between 34.45 am 34.65 0/00, a little higher than that of the
core of the northern :intemediate water. '!he oxygen oantent of the
core of this water type is between 2.2 am 2.6 ml/l, which is higher
than the oxygen mi.n:im.mB aboVe am below it.

'!he ElJbt.rq>ical lower water in Indalesia' s seas can be divided into
three types. '!he northern ElJbt.rq>ical lower water spreads CNer the
SUlawesi am Molucx:a seas am penetrates thrc:u]h the Makassar strait
into the Flores sea. '!he aouthem ElJbt.rq>ical lower water penetrates
thrc:u]h the Hal.mahera sea into the ceram sea am spreads fran there
down both sides of am.t am ceram islams into the Barna am Arafura
seas am fUrther cn to the TinDr sea. 'Ihese two types of water masses
meet in the Flores sea. '!he ElJbt.rq>ical lower water of the :rmian
ocean is restricted to a small regicn sa.rt:heast of TinDr.



- 55 -

TABIE 2 PrqJerties of Subsurface water Masses in the Eastmn
Ard1ipel.ago

amracter- Tatpn-a- salinity ~lvOO
water 'lyPe istic ture (oe) (°/00) (ml./l)

Northern subtrq)-
ical lower water S maximJm 23-15 34.6-35.1 3.3-4.3

soothem subb:~
ieal lower water S maximJm 24-13 34.6-35.3 2.6-3.6

Northern inter- S mininum 12-9 34.4-34.6 2.0-3.3
mediate water 02 mininum 9-7 34.45-34.65 1.8-2.5

:rmian ocean
oxygen mi.ninum 02 mi.ninum 8.5-6 34.50-34.65 <2.3

soothem inter- S mi.ninum 8-5 34.45-34.65 2.2-2.6
mediate water 02 minimJm 6-4 34.5-34.6 1.8-2.5

Deep water T mi.ninum <4 34.65-34.75 different

8a.1roe: Wyrtki (1961).

'lbe oorthem int:enDediate water, which is situated below the
disoaltin.rl.ty layer, enters the SUlawesi sea with the Mimanao 01rrent
ani penetrates thrcA.¥Jh the Makassar strait into the Flores sea. It
spreads farther than the subt:rq>ieal lower water into the Ban:3a sea,
ani its last traces can be fami in the Tiloor sea. It does not
penetrate into the M:>luc:ca sea ani the oorthem part of the Bama sea,
1'lc7.Never. 'lbe oxygen mininum, which is situated in the lowest part of
the oorthem int:enDediate water, ilJlEdiately below the salinity
minimJm, is fami a1l.y in the SUlawesi sea.

'lhe salinity minimJm of the soothem int:enDediate water of the
Pacific ocean is well develc:ped in the regim oorth of Irian, bIt it
penetrates a1l.y slightly into the M:>luc:ca sea. In the SUlawesi sea it
is not fami as a salinity minimJm. An oxygen mi.nim..nn is usually fami
below the salinity mi.nim..nn of the soothem int:enDediate water. No
lower salinity mi.ninum is fami in the Ban:3a sea, 1'lc7.Never, bIt it is
fami again in the :rmian ocean, fran which water masses of low
salinity penetrate the sawu am Tiloor seas ani fom a minimJm at a
depth of 1,000 m.
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'!he oxygen mini.DuDs of the saIthem :inteJ:mediate water of the
Pacific ani :rmian oceans have different features. '!he oxygen minimJm
of the Pacific ocean lies in the lower parts of the saIthem
:inteJ:mediate water at a 10lii terp!rature, am together they penetrate
the Molucx:a sea. '!he oxygen minimJm of the :rmian ocean, al the other
harrl, is foord at a higher terperature, am it is questiooable~
this water spreads in a pmnanent directial.

'!he deep water between 1,000 am 1,500 m in depth is a water mass
that spreads very slowly fran the Pacific into the IrKblesian basins
ani then al to the :rmian ocean. It carries away sinultanecusly the
water masses~ a.tt of the deep Ima1esian basins. '!he passages
between the deep basins are so small that this spreadinj lIIJSt be
extremely slOlii, especially CNer the larcJB basins. CD! brarx:b of the
deep water enters the SUlawesi sea al both sides of the 5argihe Islams
ani penetrates further into the Makassar strait. At the saIthem em
it ascems am passes the ri.a;Je oaD~ SUlawesi am the suma
Shelf. Another branch enters the Molucx:a sea am passes thrcujl the
Ufanatola strait, the ally oaDa:tien available, into the Bun1 Basin.
'nlere it splits off thrcujl three sides of Bun1 am ceram into the
Bama am Arafura seas. '!he deep water then spreads thrcujl the narrow
passages east of wetar into the sawu am Ti:ODr seas ani en to :rmian
ocean.

'!he bottan water enters the SUlawesi sea north of the Sim;Jihe
Islams (am probably flows ala¥J the mrt:hem side of the basin) • In
the Molucx:a sea the bottan water spreads within the t:rcu]h ala¥J the
westem roast of Hal:mahera to the SQIth, turns off the Ufanatola Ridge
to the west, am enters the Goraltalo Basin fran the south. '!he bottan
water mass passin:J CNer the Ufanatola sill penetrates the Bun1 ani
Bama basins. Fran there it spreads in all directioos, inclmirg the
Manipa Basin, the weber Deep, the Flores Basin, ani the Balayar
'1'rcu1h. Fran the weber Deep the bottan water penetrates the sill
oortheast of Ti:ODr into the wetar ani sawu basins. Another branch of
bottan water spreads fran the Bun1 Basin into the An! Basin. Fran the
:rmian ocean the Ti:ODr '1'rcu1h is Iq:Plied with the bottan water that
penetrates fUrther into the An! Basin.

'!he deep ani bottan water masses passin:J CNer the different sills
sink to the bottan of the basin ani there spread further ala¥J the
bottan. In other parts of the basin water ltI.lSt ascern to c::x:mpmsate
for the sinkin:J water. 'lhis asoernirg water is carried away
horizaltally as SOCI'1 as it CXIDeS into the rarge of the deep current at
the level of the sill. Naturally, all of these mvements are extremely
s!ow-water is replaced in the deepsea basins ally at the rate of 0.2
m lag;;.

At the surfaoe the DX:IlSOCI'l circulatial br:in3s water fran the
Pacific ocean, whim is subjected to strcnJ aJ'll"I.Ja1 variatioos. CD!
brarx:b, however, the Ti.Joor 01rrent, oart:.in.Ja.Jsly gives off water to the
Irrlian ocean. Below this layer the subtJ:q)ical lower water ani the
oorthem :inteJ:mediate water spread aocordi.rg to the general surfaoe
gradient fran the Pacific to the Irrlian ocean, bIt with decreasin:J
intensity with depth. Below them, ani especially in the saIthem part
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of the regicn, a nearly motialless layer seEIIB to exist in which the
c:»cygen miniDum is situated. In the deep layer the Pacific again
spreads to the Inllan ocean, which sim..1l.tanea.1sly replaces the wa~ of
the deep sea basin. '1hJs in all layers, with the excepticn of that of
the oxygen miniDum, DICM!IIIIIE!I1t fran the Pacific to the Inllan ocean
pzer;hninates.

Tides

Inialesia's tides are affected by the Pacific am Inllan oceans.
Wyrtki. (1961) has dlaracterized the four k:ims of tides in the
southeast Asian waters:

1. senidiumal. tide, two high am two low waters of alJoost equal
height daily.

2. Mixed tide, semidimnal prevailin;J; two high am two low
waters daily, bIt they are different in both height am the
time of high water.

3. Mixed tide, dimnal prevailin;J; ally ale high am ale low
water daily. 'nlere are also regimes with two high am two low
waters that differ ~iably in height am the time of high
water.

4. Dimnal tide, ally ale high am ale low water daily.

Because the semidiumal. tide predaninates in the Imi.an ocean, the
northern coast of sumatra am the Malacx:a strait have semidimnal
tides. Elsewhere in the Inllan ocean--suc.h as the weste.m am scuthern
coasts of sumatra, the scuthern coast of JCNa., am the Nusa 'I'en]gara
Islams--there are mixed tides with semidimnal prevailin;J. In the
weste.m Pacific ocean the dimnal tide daninates. It chan;Jes, however,
as SOCI'1 as tides enter the southeast Asian waters. A1m:lSt the entire
SCUth China sea experieR:leS the mixed tide with dimnal prevailin;J. In
other waters the dimnal tide is st::rergthened. In the waters between
sumatra am Kalimantan am the JCNa. sea, for exanple, an alJoost pn:ely
dimnal tide is d:Jserved. In <:a1trast, CNer the eastern part of the
Irrlalesian waters the mixed tide with seni.dimnal prevailin;J is
daninant.

InterestirxJ ooeamgraprlc ~--sud1as upwellin;J, water mass
E!Xdlarge, am sea-level. dynamics--can be foom in the Irrlalesian
waters. Upwellin;J is iJrportant fran a biological as well as an
ooeamgraprlc point of view. Marine biologists are interested in the
high productivity of the upwellin;J area, which is usually~ IIIenied
by high fish producticn.~ consider the upwellin;J area to
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be an iDportant link between subsurfaoe am surfaoe circulatien. water
circulatien am sea-level dynamics are iDportant to~ as
lIIe1l because of their role in oaltroll~ other Jitysic::al pl:'OC'eSses such
as c:ut1.ents and water l:Oetl&la1. .

UpwelliDJ

Upwe1liDJ in the Bania am Arafura seas develqs urDer the
influer¥Je of the saItheast DD'lSOal am occurs fran May to Al¥]ust. '!he
upward vel~ty is 0.6 10-3 an,Ieee, am the average upwell~ is
2 millien m Ieee. In JUne the~ water masses pass partly
CNer into the DD'lSOal c::un:eIt to the Flores sea am partly into the
TiDm' 0Jrrent. In Al¥]ust almst all the~ water flows with the
TiDm' 0Jrrent into the Irrlian ocean.

In oa1t:rast, fran Jaruu:y to March of the northwest DD'lSOal the
water masses fran the Java am Flores seas are piled. up in the eastern
part of the Balm am Arafura seas. Qmsequently, desoeniin;J u:M!IDE!I'It
occurs in this area. 'lhese DDVeIDE!I'lts are bal.arx:8i by an aItflOfjf of
water fran the Bania sea into the Inllan ocean at a depth of 1,000 m.
~ annmt of the desoeniin;J water mass is at most a1xAlt 2 millien
m Ieee in Febroary, am it S8EIIIB to ociltensate ~tely for the
upwellinJ·

Dlr~ the saItheast DD'lSOal an inflOfjf of the Pacific water at the
level of the :int:m:mediate layers into the eastern :IrxJa1esian seas
usually occurs, together with the upwell~ am aItflOfjf at the surface
into the Java sea am the Ini.ian ocean. Dlrirg the northwest DD'lSOal
an inflOfjf of surface water fran the Java sea into the eastern
:IrxJa1esian seas occurs, together with sinkiDJ in this area am an
aItflOfjf into the Inllan ocean at the :int:m:mediate depth. 'lhis clearly
in:ticates the role of the upwellirg and sinkiDJ in the Bania and
Arafura seas in the water~ between the Pacific and Inllan
oceans. It also dsIalstrates the close "re1atiooship between the
circulatien at the surfaoe am the depth of the water exd'large between
the two oceans.

Upwell~ am sinkiDJ affect the biologic::al productivity in the
area by influenc~ the SUWly of mItrients to the eupx,tic Zale.

Productivity is high dur~ upwell~ am lOfjf durinJ dc:Jwrrwel.l~.

Rochfom (1962) am Naltji (1975) have described an increased planktcn
bianass am high rates of primalOy productivity in the regien duriDJ
JUly, Al¥]ust, and SE!pt:.E!rlt)er Ofjf~ to the mItrient enridiiil8iIt dur~
upwell~. DlrinJ the oorthwest DD'lSOal, en the ather hard, when
stratificatien is established, lOfjf productivity am bianass are
expected because of rLItrient depletien in the surface layer. As a
result of d1arges in the hydrograp:rlc ocn:titien, bath the stI:ucture and
functien of the biologic::al system are altered oarpletely foll~ the
c:han;JiDJ DDlSOCIla1 wini. Inp:>rtant unanswered questioos are how will
the pelagic eoosyst:em react to hydrograp:rlc and dlemic::al d'large in the
Bania am Arafura seas am what will haR:len to the fish productien of
the regien?
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Upwe1l~ is n::Jt limited to the Bama am Arafura seas. Reportedly
it also oocurs in the other areas sud1 as the Makassar strait (Il.ahude,
1970, 1978), am in the M:>lucx:a, Hal:mahera, am ceram seas (Birowo am
natnne, 1977: Ilatnne et al., 1975). In Indalesia's Exclusive .
Eocn:mic ZQle, upwellin} has been :r:eported scuth of Java-Nusa Ten;Rara
(Wyrtki, 1962) am north of Irian Jaya. Further investigatien of these
regioos is needed.

water Mass Exd1arge

Pacific ocean water spreads thrtu]h the eastern Inknesia seas into
the Irrli.an ocean. 'lhi.s~ is fami in all layers with the
~en of that of the oxygen miniJIun. 'DlUS, the 1IDVEIIIel1t of wter
fran the Pacific to the Irrli.an ocean predaninates. '!he very slow
replaoemE'nt or reneual of wter masses in the deep basins thrtu]h sills
is a feature of the eastern Indalesian seas. Between 0 and 500 m in
depth the flow fran the Pacific into the Inllan ocean is 1OO:re
substantial, am the entire water exdlarge at the surface is
practically carried away by the TiIoor 01rrent.

A nmiJer of investigators have estimated the magnitme of the
Pacific-to-Inllan ocean transport.~ to Wyrtki (1961), the
transport at the uwer 150-200 m of wa~ fran Indalesia to the Irrli.an
ocean raJY1eS fran a low of 1 mUlien m Ieee (1 SV) fran Deoenter to
Feb:r:ua:r:y to 2.5 SV in AL¥JUst. '!he anrJ.Ja1 ran:Je is estimated to be 1.7
SV. M:>:re recent estimates based en a variety of methods are la:r:ger
than Wyrtki' s figure. '!he average of all estimates of the Pacific to
Irrli.an t.hra.¥jlflow is 9.2 SV (Gorden, 1986). It seems that all
investigators agree abaIt the directien of the t.hra.¥jlflow, bIt there
is a wide ran:Je of estimates of its magnitme. M:>:re investigatien is
needed.

On the first snellius expedi.tien the ventilatien of the Inknesian
deep basins was also studied. Why is it that "these basins, separated
fran each other am fran the Pacific and Inllan oceans by sills of
various depths, did n::Jt stagnate as, for exanple, the Black sea, whim
is oarpletely an:»d.c below a depth of a few h\.mh'ed meters? '!he oxygen
ocmt:ent in the eastern Indalesian basins is n::Jt exceptiatally low.
01rrent measu:r:ements in the Lifauatola strait en the main sill of the
Bama. Basin am a geological investigatien of the sill have inticated
that there is strorxj water 1IDVEIIIel1t fran the Pacific ocean into the
Bama. Basin. '!he rate of water renewal of the basin was estimated to
be 200-3,000 years. Possible ventilatien medlani.sms were also
di BOlSBed, sud1 as wann:in;J up of the bottan water by the earth or by
vertical JDi..xirq as a :result of tidal ll¥JVElIDeI1t. A final OCI'lClusien was
n::Jt :readled, however. More recent measurements of on::r:ents in the
Lifauatola strait by American investigators inticate even faster water
renewal, en the order of tens of years, for the Bama. Basin.

Iag-tenn measurements of currents in selected straits am sills
c:amectin:J the basins and the Pacific and Irrli.an oceans are essential
for provi.di.n;J better insight into the total transport fran ale ocean to
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the other. SUCh measw:ements shculd be aocullenied by sea level
JDetSSlJrements ani the oollectia'l of data a'l terperature ani salinity in
the 19)5r 1,500 m. KrDrIIEd1e of variatioos in water transport thn:u;Jh
Ima1esia oeW.d be of practical 2g)licatia'l to sb.¥lies of Periodic am
aperiodic ci'laD;Jes in the world c1:l:mate, sud1 as the sout:hem
oscillatia'l ani the E1 N.irx>~, as well as to sb.¥lies of
Jitysical pxocesses in the ather regioos of the earth's oceans.

'!he 5eocDi snellius Expeditia'l

One of the research themes of the secxni snellius expeditia'l was
the stldy of the pelagic system. '!he hydrograJ;ilic element of this
theme in::lmed the oollectia'l of data a'l salinity, terperature,
rutrient CQ~oelltratia'l, ani water transparency. '!he biological element
of the theme in::lmed a smvey of the horizcntal ani vertical
distribItia'l of JDi.c:rc:j)ial organisDB, PJytq>1.anktal, zoq>1.anktal,
merc.planktal, ani ather nek:ta1 animals, as well as an analysis of the
food dlai.n CCJlla'lel'Its ani measm:emellts of their growth ani activity.
Ol:qani.so& at the ern of the food chain (battan-liv~anin"ls ani fish)
'Nere also sb.¥lied. '!he flOfjf of ozganic matter between the variaJs
ecxsystem cxmpartments was assessed by measurin;J the CQlOBIltratia'l of
particulate ani dissolved OJ:9an,ic matter at different depths, ani by
estima~ the sedimentatia'l flux at selected statioos. AssesS"'P'1ts of
fish st:.ocJc atmdanoe ani ~l!llQSitia'l 'Nere also carried alt. SUCh a
cx:mt>ined awroach llIOO1d pennit a C'XJ!'Ilarisat of estimates of fish
resources us~ direct estimates (acc:ustic ani fishi.n:j methods) ani
productivity ani general food web stt:ucture analysis.

Investigatioos of basin ventilatia'l were another :researdl theme of
the secxni snellius expeditia'l. Of the~~lied in these
investigatioos, the first was the direct measuzemellt of the current a'l
the sill, especially in the Lifaoatola strait. '!he secxni awroach was
detenninatia'l of the age of water masses us~ C13 ani ~4_ tracers
ani the uranium-radium-radal series. With these methods the age of the
infl~ water ani the lerqth of time the water stays in the basin can
be est:l:mated. '!he third awroach was estimatia'l of the res:i.&n:le time
of the water in the basin by measur~ the CQlOBIltratia'l of
rx:n:::alSerVa.tive elements such as dissolved oxygen, calcium ccu:b:nlte,
ani rutrients. '!he results of these investigatioos are expected to
reveal nuch abaIt the rate of water transport thrcA.¥Jh the ventilatia'l
of the deep sea basins.

other themes oavered by the secxni snellius expeditia'l were geology
ani geqiIysics, coral islams, ani river irpIts to the ocean system.
All of these themes 'Nere designed to advarre knowlEd1e abaIt the
ooeanograP1y of the deep eastern Iniooesia seas.
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Oi.i1Slts by U.S. Participant

Arrpld L. Gordal, Ianpnt-Dcilerty Geological ObservatoIY, Munpia
university

'!he large pool of hot, law-salinity surface water of the weste!:n
trq>ical Pacific stams 10-15 an higher than the water of the eastern
Irrlian ocean, am acts as a pressure head, driving a flow fran the
Pacific to the Inllan ocean. Estima~ of the interoceanic transport
vary widely, fran 1.7 to 18 milliCl'l m'leee. Potentially, it can
aCYXl'l'{\lish an enoJ:llDlS flux of heat am salinity, whim is the basis of
its global-scale hrpact.

While it was their global-scale hrpact that drew this workshop
participant to Inialesia I s seas, I am also in:::reasingly fascinated by
various oceamgraprlc featm'es of these seas, in::l.~:

o '!he response of the ocean stratificatiCl'l am circulatiCl'l,
specifically the t:lu:'cuJhflow eutpXslt, to the st.rorg seasmal.
a1:JoosIileric facing. 'lhe interamual. variability of ENSO (El
Nin>-sa.rt:hern OSCillatiCl'l) events can also be expected to
influer¥Je the ooeanogI'alily.

o '!he higher degzee dynamics within the various passages am
straits, whim ivpede the t:hrc:u1hflow. 'Drl.s retardatiCl'l
effect walld oot necessarily have a linear relatiCl'lShip to the
pressure head. 'lhese passages may be a focus of intense
cross-i.sopycnal mixing.

o 'lhe lateral am vertical mixing within the :Imalesian wters,
in::l.~ the passages (as lISltiooed above) am the broad
oalti.nental. shelves. 'Drl.s mixing is likely inillCed by the
strorq tidal currents.

o '!he Jitysical pzocesses respa1Sible for the high levels of
primary productivity (the basis of fishe%y stocks). In seIDe

areas (eastern Barna sea, sooth of Java) wini-inillCed
upielling is significant: in others vertical mixing, driven by
tidal currents or strait dynamics, may be significant to the
vertical rutrient fluxes.

several U.S. am :Imalesian ooearrqrar.bers have joined. together to
pzcpoee the establishment of INSTEP (Inia1esian seas '1lu:'culhflow
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Experiment), which wcul.d aclh:ess~ q..JeSticms aba.Jt the
interoceanic transport within Inda1esia's seas. 'Dle intensive
d:lsexvatial period ptclpClSed is frail Februaxy 1988 to octcber 1989,
Wt11ld utilize DX:Jrin;pI of an:mllt JDBters, pt'8SSUEe SEII'1SOI:'S,' am em
oceanograprlc staticms, am wcul.d determine dYnically the presen::8 of
oxygen, rutrients, am various tracers (frecI'l, tritium, helium, am
radi~226) • A plan to set art: a network of tide galJ}SS clJrin;J INS'mP
was also ptqx:sed am di salsseci.

'!be ciJjectives of INS'mP are:

o To det:ermi.ne the DBgnitude am variability of the t:hraJ#1flow
clJrin;J the intensive d:lsexvatial period.

o To :relate transport to siDple DDrl.torirq in:iicators such as
sea level variability so that the t:hraJ#1flow DBgnitude am
variability can be detemined after the intensive d:lsexvatial
period.

o To resolve the primary water memes am pathways as 'W8ll as
the mi.xi.D:J associated with the t:hraJ#1flow.

o To deteDD:lne the wntilatial time scales of the subsill
basirB.

INS'mP rep: assuts an excellent qp:artunity for initiatirq related
progl:ams. '!be INS'mP data will pt'CNide DDre <XIIp1ete envircnDenta1
infomatial for different Jdnjs of oceanograpuc :rese'rch.

KrDrllEdJe of the P'Jysics of the local ocean CXI'1tril::utes to
umerst:an:lin;J ecaanical.ly iDpJrtant aspects of the ocean such as the
climate system am its variability, rutrient fluxes am associated
prmary productivity, am peJ:haps di spersial of pollutants introduoed
into the ocean by, for mample, JIlini.rg activities.



ocean sciences research iool\des gaininJ a cpmtitative umerstarxliJ'q
of ocean circul.atiat am mixinq, am bath the mean am variable cxoupxJents
aver a wide raJ'¥18 of spatial am teil-.xal. scales are of interest.
Acc:m"din:;J to the oceanograpty lIIOrki.rq groop, P1Y'sical am dlBnical
ocear¥JgraIily are the primaJ:y means of stldyirq ocean ci.rcul.atiat am
mixinq.

With a lcrx7.ilEdJe of the ocean sciences ate can predict the cxniitiat
of the ocean's P1Y'sical envil::ament, am this is the basis of the
effective develq:ment, utilizatiat, am management of marine resan:oes.
'Ibis ability has a direct bearirq at three sectors of direct ecnadc
c:xn:m:n to Irxb1esia: agriculture, fisheries, am toorism. It is also
relevant to the mineral ore i.rmJstry.

Agriculture

'lhe oceanic processes within Inb1esia's seas are a significant part
of the OCIIplex global oceanic am climatic system. Reliable predictive
nmels for climate variability, iool\di.rq the ENSO events that brirq
dJ:'c:ujlt am forest fires to Inb1esia, woold be JOOSt inportant to the
management of agriculture in Indalesia. stmy of the relevant oceanic
processes at work within Inb1esia' s seas is an inportant requirement for
the develq:merlt of climatic nmels.

Fisheries

'lhe distribltiat of fish stocks depems at the spatial am teiloral.
distribltiat of priDmy productivity, the beginnirg of the marine food
chain. Primal:y productiat depems at the oceanic processes that brirq
mtrients into the Eqilotic layer of the ocean. 'Ihese pl:'OCesses ioolme
wini-imlDd circul.atiat as well as t:urtW.ence or mixinq driven by the
interactiat of ocean cun:ents with the OCIlplex bottan bathymetry.
I<howlEdJe of the causes of high primal:y productivity am how they are
mdified seaBalallyam internally woold provide the basis for
umerstarxliJ'q fish stocks am how to manage them.
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Another link between fisheries am ocean sciences is the distribltion
of pollution in the ocean, which involves ooastal. ocean circulation am
lIlixiDl dlaracteristics. It is essential that we umerstand what levels of
human am imustrial waste di sposal are safe for ooastal. waters.

TaJrism

'l'a1rism. is an iDportant irdust.xy in In:k1lesia. Its 0CX'ItinJecl growth
de!pems on clean beadles am clean ooastal. waters, which in turn depend on
pollution levels (discussed above).

F\1lfillment of a few key ciJjectives for ocean sc:ierD!s resea:rd1 will
provide the koowledge needed to develq>, utilize, am JIIal'l!Ig8 marine
resau:oes. 'lbese ciJjectives are: (1) st:my of the PI!lcifie-Imian ocean
~, (2) st:my of lIlixiDl within In:k1lesian waters, (3) dstemination
of c:b!In:)es in heat ocntent am thenrrx:l.ine depth, (4)~ of the
PtYsica1 basis for primazy production patterns, am (5) dstemination of
pollution flushin;J rates in near ooastal. waters.

AdUevement of these ciJjectives, however, de!pems on a strategy that
relies heavily on ooqm-ation between In:k1lesian~ am those
of other nations. 'Ibis is particularly the case for climate system
resea:rd1 which is clearly an internationa1 issue. '!be Pzcp:lS8d
U.S.-In:k1lesia INSTEP (Inda1esian seas 'll1ra.¥j1flow Experiment) procp:am,
for mample, is directly related. to climate research.

PIAN OF ACl'ICfi

D.lri.Jg Repelita IV (1984-1989) an experimental. plan for the st:my of
the PtYsica1 basis of primary productivity sha11d be prepared.
P\1rt:heJ:DDre, the PZ' IpJSed IRS'IEP PZ<XjLdIb, which will establish the basis
for the lcrg-tenn DDrl.torinJ of the tIu:a.J;Ihflow, sha11d be realized.

DlrinJ Repelita V (1989-1994) In:k1lesia's ocean sciences PZ<XjLdIb
shalld

o Maintain a water-level (or tide) 92lu:l8 network for DDrl.toriIq
tIu:a.J;Ihflow am other variables.

o Establish a teslperature profile ci:lservation pzogzam, usirq ships
of qp:artunity, to DDrl.tor variations in heat ocntent am
thenrrx:l.ine depth.

o Inplement image processinJ software on the lAPAN (Nationa1
Aerooautics am Space Institute) 0Cl1'plter system am adjust
algorithms for local anlitioos. 'Ibis will be needed to nrnitor
sea surface teslperatures in BURX>rt of mso am upwellinJ
stlxlies.
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o Ibdtor pollutiem levels at select coastal. sites.
o Maintain water--level gll'l:ges at these select coastal sites as a

basis for un:ierstaniiJ'g the flush1n;J rates of the pollutants.
o Sbxly the PtYsical basis for primaxy productivity usirg the

experimental design develcpd duri.rg Repelita IV.
o carry out ocean mdel.irq studies durirq Repelita V, in

oollaboratiem with the c:bIezvat1a1 p:ograms, to ad1i.eve the
predictive ability that is the ultimate ciJjective.

~ followirq i ssnes mst also be aa:kessed for the further
developuent of Inda1esia I s ocean sciences capability.

o It is mt reo"'IAded at this time that Inda1esia develop its own
lb.D. progzam. Rather, it sha.lld ocntirAJe to take advantage of
exi.stirq p:ograms in foreign oamtri.es. Sinoe the primary
larrguage in the scientific field is ER]'lish, future scientists
sha.lld receive train:in:J in ER]'lish l.arguage skills to meet the
entran:le requ.iz'euents of foreign l.Dli.versities.

o Trainirq am joo owortunities are also required for ted1nical
persamel so that they are able to operate scientific ~tus
am equipnent bath in the laboratories am in research vessels at
sea. A good mix of technologically skilled am scientifically
trained persamel is required. Special E!IlIilasis em data
p:ooessirq am analytic skills is reo "'IAded to facilitate the
~ of data am infcmlBtion with naticnU am intematicnU
data centers.

o Cbllaboratiem between research institutiava am the l.Dli.versity
CXJ!11Imity is required to fom closer links between these
ccnmct.irq theoretical studies in the field of ocean EICi.erKEs am
those actually perfor:mi.rg operaticnU tasks such as data
collection am operaticnU data analyses.



JtPRKIm GlWP (If LIVD«l R§'IlRCES

Develq:ment am Management of Indalesian Marine Fishel:y Resam:::es

PUxwito Mart:osubroto
Directorate-Qmeral of Fisheries

BeCause seas CDlStitute abaJt 60 peroeIlt of Indalesia' s territmy,
it is mt smprisirq that Indalesians view the exploitatien of marine
resooroes with great expectatioos. Greater access to these resooroes
was gained when Indalesia laid claim to its Exclusive Eocn::mic Zale
(EEZ) in 1980, \lhidl was later manifested in law No. 5/1983 am further
elaborated in GoverrIDent Regulation No. 15/1984.

Historically, Indalesia has depemed on the exploitatien of lam
resooroes t:hrc:u;Jh various agricultural activities. Exploitatien of
marine fishery resooroes has ally been steAm up siro! the instigatien
of the five-year natial2l1 develq:merft plans. '!be 1967 law en Foreign
Invesbueilt cp!!I'l8d up CQXJL'bmities for foreign :investors to seek
imrestmerft CQXJL'bmities in Indalesia.

Irxk:nesia's seas are daninated by the shallOlrl water of the
cx:ntinental. shelves \lhidl are mstly foord in the western seas. Abcut
1.7 million~ of seas, or abaJt 50 peroeIlt of the entire territmy,
have a depth of less than 100 m. sane parts of the Indalesian EEZ are
even shallC7tlller than 100 m as they are part of the shelves. As
biological pl:'OCeSses are largely fam:! in shallOlrl water, it is mt
smprisirq that JOOSt of the Irrlalesian waters are ridl with livirq
resooroes.

Irxk:nesian marine fisheries are daninated by small-scale operatioos
in whidl JOOSt of the fishemen still use sinple fi.shi.rg gear. Marine
fishery production has risen fran only 600,000 tals in 1969 to 1.8
million tals in 1985, a threefold in:::rease in 17 years. '!be mmber of
fi.shennen has :irv:::reased aocordi.n;Jly, am was 1.2 million in 1985.

Marine fishery resooroes in Indalesia, as in other trc.pical waters
of sart:heast Asia, oa'lSist of many species. M::lst catdles are CXXlSlDDeC1
locally, bIt BaDe of the highly valued species are exported to other
camtries. In recent years exports have risen t:hrc:u;Jh a special
arranJE!IIIel1t in Widl licensed foreign fleets are allowed to fish in the
EEZ am to export their catch directly.

'!be exploitation of marine resources has benefited the oa.mtry am
its peq>le. sane resooroes are still urderutilized, while others have
been exploited to the point that management is needed. '!be question
raised JOOSt frequently abaJt the develq:ment am management of fishery
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:resooroes is: can IrKb1esia exploit these resaR'OeS in such a way that
their sust:ainability is awured, ksepirq in mind the qet access
priJx:iple?

FISHERIES

'Ihe westem In:b'lesian waters belCD}irq to the surxJa Shelf are
shallOlrl. '!hey iool.\.¥ie the Malaoca strait, scuth arlna sea, and Java
sea. 'Ihe eastern waters are generally deep except the Arafura sea
lItbich is part of the 8ahu1 Shelf. Resom'oes famj in the two areas are
quite similar; the diffennce between the areas stens fran the
variatia'l in depth and salinity of the water. 'Ihe demersal. resaR'OeS
of the suma am 8ahu1 shelves are similar in kim; the diffennce, if
arrJ, is of little significal'D'. 'l\ma are distribIted in the waters
havirq high salinity such as the Irrlian ocean, Pacific ocean, SUlawesi
sea, am BaDe int:enlal. waters aJCh as the Barm, M:>lucca, and Flores
seas.

'Ihe sea ocntitia'l in In:b'lesia is very DlJdl gaYemed by the
lIOlSOal. 'Ihe two JIO'lSOCI'la1 periods and their intermission more or less
umennine the dynamics of marine waters. To BaDe extent the
availability of marine resaR'OeS is also infl~ by the lIOlSOal.

'lbe 1lI11tispecies nature of the resaR'OeS in In:b'lesia and other
parts of the sart:heast Asian region has been cU:b:: essed by Mart:osubroto
(1976), Pauly (1979), and Pcp! (1979), Wil.e prcblems associated with
llIl1ti species resan'OeS, especially their assessnent, have been
~ by Pauly (1979) and Pcp! (1979). Forty-five species of fish,
eight species of crustaoeans, and eight species of l'OOlluscs are listed
in the fisheries statistics p.1blished by the Directora~of
Fisheries.

8mal.1-scale Fisheries

'lbe small-scale fisheries, liIbich use small boats and sinple fishin)
gear, remain labor intensive and oa1time to oalfine their operations
to coastal waters. 'Iheir total catch rep:esents 8baIt 90 percent of
overall marine fisheries production (Table 1).

'Ihe rA.Dtlber of fishenDen in each area varies (Table 2). 'lbe high
ClaKBd:ration of fisbenDen alCDJ the sumatra coast of the Malacx:a
strait am on the northem coast of Java is to BaDe extent related to
the availability of infrastrocture and markets. 'lbe high pmssure of
fishin) in these waters has led in the past to the averexploitation of
BaDe demersal. resaR'OeS, liIbich then led to social unrest when \mfair
CCIlpEftition occurred in the fishin) area. 'Ibis situation resulted in
the 1980 ban on trawlirq.

'Ihe data on catch lan:lin;Js and the respective rA.Dtlber of fishemen
reflect the different levels of fishin) pressure on :resooroes famj in
varioos ooastal. waters (see Table 2).
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TABlE 1 Marine Fisheries Pmduction (Tens) by Type of Fishel:y,
1980-1985

small-scale large scale
Year Fisheries Fisheries 'lbtal

1980 1,362,646 32,164 1,394,810

1981 1,375,295 32,977 1,408,272

1982 1,462,582 28,137 1,490,719

1983 1,662,446 29,573 1,682,019

1984 1,684,354 28,450 1,712,804

1985 1,789,942 31,783 1,821,725

Ird1strial Fisheries

HJst imustrial fisheries seek the highly valued COli,Kdities,
shrinp am tuna. Of the 63 registered fi.shin) CX'IIpmies, 27 are
fi.shinJ for shrinp am 31 for tuna: the rest are fishin;J for other
species. '!he catdles of imustrial fisheries are relatively smaller
than these of the small-scale fisheries (Table 1).

HJst imustrial fisheries ~te in the eastem Imaed.an waters.
Shrinp fi.shinJ is famj in the Arafura sea, am tuna fi.shin) is widely
scattered in the Pacific ocean an:i Joblucca, Barna, SUlawesi, an:i seram
seas.

Irrlustrial fisheries are capital intensive, except for BaDe tuna
CX'IIpmies \ttrlch at oooasiat still use labor-int:ensive poles am lines.
A new develq:ment-fish aggmgati.r¥J devices (no) --has made pole am
line fishi.nj more efficient, however. 'Ibis device was initially
adcpted by a state oarpany, usaha Nina.

Followin) the forDlJ1ation of raw No. 5/1983 on the EEZ am the
:introduction of GavenDent Regulation No. 15/1984, foreign fishemen
were invited to exploit tuna am other pelagic am demersal fish in
Inblesia's EEZ. only fleets EIlploy~ lCDJ lines, purse seines, fish
nets, am gill nets were allowed to participate. Licensed fleets fran
Taiwan, 'Ihailam, the united states, am Australia are presently tak.in:J
advantage of this offer, am other cnmtries have shown an interest in
joinin3' them.
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TABlE 2 Marine Fisheries Iarxiin;Js am N\mtler of FisbenDen by Area,
1985 .

N\mtler of
Area eaten (tals) FisheJ:men

western coast of sumatra 95,239 86,996

sart:hem coast of Java 52,814 56,689

Malaoca strait 315,946 163,121

East of sumatra 126,647 55,559

Northem coast of Java 403,712 292,560

Bali/Nusa '1'En;Rara 164,378 97,256

Western am sa1t.heJ:n coasts
of Kalimantan 88,230 47,358

Fastem coast of Kalimantan 89,179 78,395

sart:hem coast of SUlawesi 261,390 168,324

Northem coast of SUlawesi 87,612 123,345

H:>lucx:a-Irian 136,578 116,845

'lOmL 1,821,725 1,286,448

Over the 19 years of Irxblesia I S natial2l1 develClfll&'It plans, the
Indalesian goverraent has finalxlecl various fisheJ:y developue:lat
projects. 'Ihese projects have zOkessed infrastruct:ure, research,
trainin;1, extension, am credits to fisbenDen. DJriJ'q this period the
fisheries have increased productioo, thereby also increasiIq the SUR>ly
of protein. Export eamin;Js increased fran less than $100,000* in 1969
to l'OOre than $250,000 in 1985. 'lhe resultiIq i.n::rease in fishi.rg boats
am the availability of l'OOre lardi.rq sites, processiIq facilities, am
other infrastruct:ure have generated a lcm;Je rAmlber of employment
qJpOrtuni.ties. AltholJ:]h the fisheries labor force represents ally

*U.S. dollars are used t1ll:tu]ha1t this report.
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5 percent of Inb1esia's total labor force (SUjastani, 1980), am
althcu;Jh fisheries :r:epteseut a'1l.y 2.6 peroent of the total gross
daDestic product (1984), the increased protein SURllY, eamin:1s, am
developuent that fisheries also :r:ept esesat cannot be understated.

'!be developuent of 1IIl!lrine fisheries in Ima1esia has varied frail
area to area. '!his developue:lat can be examined frail the stampoint of
trenjs in fisheries productial (Table 3). If the Makassar am TC"IIiJok
straits were used amitrarily to delineate the westem am east:em
parts of the Inb1esian waters, ale wa.iLd c::b3e:r:ve that marine fisheries
productial. in the westem part is frail 1.8 to 2.2 times that of the
eastern part. In te:r:1IB of i.n::rease, however, the average anrual. rate
of in:.:rease of the westem part is 6.1 peromat (1975-1985), while that
of the east:em part is 10.7 peromat. Althcu;Jh this diffennce ocW.d be
attribIted to the develq:ment of more ird1st:rial fisheries in the
east:em Inb1esian waters, it ocW.d also iniicate that resan:oes are
DDre abJrdant in the eastern part of Ima1esia than in the westem
part. An excepticn is the shrinp resan:oes of the Arafura sea, which
have been highly exploited (Naamin, 1984).

'mB[E 3 Tren:Js in Marine Fisheries Pmducticn (Tens) by Major Area,
1976-1985

western Eastem
Year Irrlmesia Ima1esia 'lbtal

1976 750,163 334,531 1,084,694

1977 808,802 345,841 1,154,643

1978 834,832 392,554 1,227,386

1979 887,178 430,566 1,317,744

1980 953,582 441,228 1,394,810

1981 880,540 527,732 1,408,272

1982 979,394 511,325 1,490,719

1983 1,074,672 607,347 1,682,019

1984 1,117,719 595,085 1,712,804

1985 1,165,008 656,717 1,821,725
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'lhe level of exploitatiat of marine rescmoes in the~ part
of Irxk:nesia is also variable. 'lhe CDasltratial of fishenDen alCDJ
the northern coast of Java am in the strait of Malacxa has meant
extensive exploitatial of marine rescmoes, especially shrinp am
deIDersal species prior to the trawl ban in 1980. 'lhe roord-scad
(peeapt:enJs BR>.) fishery off the northern coast of Java has been
exploited to an alanni.r¥} degree (Naamin, 1987). 'lhe exploitatial of
marine rescmoes off Kalimantan, at the other hard, has in general been
at lOlrl levels, mt ally after the trawl ban bIt prior to it as well.
'!his was leamed frail a JID'li.toriIq survey ocn:iucted by the Ressarcn
Institute of Marine Fisheries al the R.V. Jt1tiara IV. '!his situatial
is attribrt:ed to the relatively lOlrl nmtJer of fishenDen in Kalimantan
as cg:xJSed to the high mmber of fishenDen alCDJ the northern coast of
Java. Iack of infrastructure am market:.irq prci>lems have hi.mered the
develq:ment of the fishery off Kalimantan. It is possible that
Kalimantan, with its small pcpl1atial, is adec;pately SUR>lied by the
freshwater fish that aboord in its rivers am other freshwater bodies.
Future develq:ment in this area shalld be geared to develq>:iDJ a
transport system that wa.ll.d allOlrl the shi.pDent of fish fran Kalimantan
to Java witbalt loss of quality.

Marine :resooroes in the deep waters of the IRtian ocean am other
parts of In:k1lesia are even less exploited. Resooroe surveys ocn:iucted
in varioos parts of the IRtian ocean in:ticate that the density of
deIDersal stock in the IRtian ocean is lC1t1ler than that in the Java sea,
am that the density of fish tams to increase toward the coast
(Ana1yIInJs, 1972; Aglen et al., 1981; Ld1meyer, 1982).

A CDasltratial of crustaoeans (SOleoosera pTTJDirentis) was
detected at a depth of 200 m south of central Java by the R.V. CJI Dt\E
SAN. Id1meyer (1982) fourrj relatively large annmts of shrillp (no
identificatial) at a depth of 200-300 m. 'lhe CDasltratial of
deepwater shri11p (sc:::anpi, Metaner:i1rops spp.) detected at a depth of
300-500 m off northwest lwstralia by Australian scientists has beo lie a
cxmnercial operatial, althcu;Jh in limited annmts (Ana1yIInJs, 1985).

Resooroes in In:k1lesia I s EEZ have been exploited for less than a
year, so total catdl data are still mt available. '1tnJs far 148 boats
are licensed to fish in the EEZ ext:erxiin:J into the Pacific, SCJJth China
sea, am Arafura sea. 'lhe temeIx:y of license awlicants to seek
pennissial to fish in the Arafura sea st:eIlB fran the likelihood that
the axea is rich in rescmoes.

'lhe develq:ment am management of fishery rescmoes shalld go hard
in hard, since resource exploitatial is oalfined by the limited annmts
of rescmoes available am the CCiiilUl prcperty factor. Gu1lam (1974)
has iniicated that developuent am management are two sides of the same
coin. '1tnJs, even in the early stages of developteut a management
strategy shcW.d already be integrated with the developuent strategy.

ExperierD! in In:k1lesia has shown that management of small-scale
fisheries is mt as easy as that of imustrial fisheries. 'lhe average
small-scale fishe.men are poor am their lives very llIJdl depend at
day-to-day operations. A management meaSl.U'e such as a closed seasal

cxuld therefore erDarr:Jer their lives, tmless other joo owent:unities
are available for them.
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'!he difficulty of lIIlJlllginJ ooastal. resooroes has led many to
believe that prql8rty rights shalld be given to a group of fishermen or
a cmmmity or ooqJeratives, so that management will be the
respalSibility of the fishermen CDlearned. SUCh a system has been
develcp3d Sl1CX&'sfully in Japan (YamaDDto, 1983).

In 1983 am prior to the fcm:th five-year natialal develq:ment plan
the Asian Develq:ment Bank (AlE), in associatiat with the Int:ernatialal
Bank for Reoa'Istnx:tion am Developueut (IBRD), studied the fisheries
sector in Inb'lesia. one pzqx:>sal of this stldy was that the
Irxb1esian gove.tTIUeI1t, in an effort to readl the developueut tazget in
the fcm:th five-year developueut plan, eI'IharD! credit Jld:)ilizatiat am
private sector Jld:)ilization. In the three years that have elapsed
siJDe that EU,JgeStion, sane of the AlE pzcp:lSa1 has been adcpted am
iJrplemented in the fonn of a project. '!he gove.tTIUeI1t has reoognized,
however, that credit Jld:)ilization faces various prOOlems, am this
project has suffered frail the delays in credit repayment by fishermen.
Because the gove.tTIUeI1t has faced finarx:ial difficulty in recant years,
an effort has been made to resdledul.e projects, especially these f'l.JJ'mi
by loans. 'lb Jld:)ilize the private sector the gove.tTIUeI1t created such
imentives as siJrplified export. pz'Ooednres am restnJctured license
pzOOErlllreS•

Because trawl fishi.n;J is still banned in all Inb'lesia except in
the Arafura sea, shriJrp culture is att.racti.n;J greater :investment. '!he
shriJrp prodIDd in brackishwater pcn:Js has partially sezved as export.
substitutes. 'l\ma fisheries are also att.racti.n;J increased irNestmeuts
in the fonn of private CX'II(mlies with natialal capital or in the fonn
of joint ventures.

'!he private sector seEIIIII to be more interested in irIvest.irq its
DaleY in export. (uii.Mdities sud1 as shriJrp, tuna, shark (for oil), am
oyster (for pearl), am this situation may mt ctlar¥Je III.ld1 in the
oanin;J years. A government cxmnittee is devoted to increasirq the
future :role of the private sector in the develq:ment of fisheries.

Aglen, A., L. Foyn, O. R. Godo, S. Myklevoll, am O. J. ostvedt.
1981. A survey of the marine fish resooroes of the north am west
c:x8st of sumatra. Institute of Marine Research, Bergen, No!:Way.

ArD1yJID.1s. 1972. FisheJ:y rescuroe survey in Intlan ocean with R.V.
CH CAE SAN (in Inb'lesian). Marine Fisheries Resa1roes
Repl:eSBlItative 1/72:27-58.

ArD1yJID.1s. 1985. Licenses for scaupi off north-west Australia.
Australian Fisheries 44 (3) •

Gu1lam, J. A. 1974. Guidelines for fisheJ:y management. Imian
ocean P%op:anme. IOFC/fFJ/74/36. Intlan ocean Fi..shel:y o=mnission,
Food am Agriculture organization of the united Natioos, RaDe,
Italy.

I.c:hmeyer, u. P. 1982. Joint Fastem Trq>ical :rmian ocean Fi..shel:y
suzvey, SUIIInary Report M:Jdul.e II. Cirectorate-{;eneral of
Fisheries, Jakarta.



- 75 -

Martosubroto, P., am D. Pauly. 1976. R. V. !t.1tiara JY survey data,
Nc:wEI!t)er 1974 to JUly 1976. Marine Fisheries Resa1roes
Reprasesltative, CD1tril:Jutiat of Demersal Fisheries Project. Vol.
2, 136 W.

Naamin, N. 1984. IqW.aticI'l Dyremiai of Banana ShriDp (Penaeus
l!!fP"9'W'Us) am its Man!gB"ent Altematives (in Ima1esian).
UrpJblisbed Ib.D. dissartatiat, Bogor qicu1tural university.

Naamin, N. 1987. ChwequerJCeS of excessive fishirg effort on fishery
resc:m:oes in Dxb1esia. Paper presented to the IPFC SynpJsium at
the Exploitatia1 am Management of Marine Fishery Resa1roes in
sartheastAsia. IPFC/87/Sytrp./JYjInf. 12, 27 W.

Pauly, D. 1979. 'lheory am management of t.rq>ica1 DIlltispecies stocks.
ICIARM Sbnies am Reviews. Vol. 1, 35 W.

Pq:)e, T. G. 1979. stock assessment in DIlltispecies fisheries, with
special referE!ll'D! to the trawl fishezy in the Gulf of 'Dlailam.
scuth China Fisheries Developuent am coonlination Pl:o:Jzanme.
SCS/TF'l/79/19, 106 W.

yaJDaDDto, T. 1983. Fishery regulatioos adqrt:ed for coastal am
offshore fisheries in Japan. Paper presented at the Expert
CD1sUl.tatiat of Fishi.rg Effort, RaDe, Jamw:y 17-26, 1983.



o .",slts by u.s. Participants

Far! J. ecmad. QlainDan Qf the Board. PQrt Clyde Foods 'IRe.

For aver 35 years I have been involved in the cat:.c:hirg, p:ooessin),
am market.i.n; Qf fish in the united states, canada, Mexico, oxrt:a Rica,
am PanaDB.~ this period I worked closely with the
university am govemment scientists Qf these oamtries to ensure that
the harvest Qf fish ccul.d be sustai.nai am Wt11ld mt destroy the
resource for f'utu:!'e qeneratioos.

'lhe Qffshor:e waters Qf Indalesia can play a significant am
rewardirg role in helpin:.J satisfy the growi.nJ de!Darrl for fish am
shellfish thrc:uJhcut the world. ,To extract the greatestl~
value frail these waters, however, expamed utilization DUSt be
~ by scientific~ am mt urdertaken because Qf
short-term 1Dl!l%Xet qpnUmities.

It is ilIportant to have a system Qf tec.tmology transfer that will
erx:nn-age fishemen to inprcve their harvestirg am p:ooessin:.J
methods. It is equally ilIportant, however, that harvestirg am
p:ooessin:.J tec.tmologies be part Qf the research on merine resources and
that there is clear ev~ Qf their inpact on resouroe pcpl1atioos.
'!hey DUSt also ocmtribute to the data base Qf infonnation, both
statistically am biQlogically. A system that pratDtes nutual respect
between fisbenDen am scientists is essential to arr:t resouroe
management plan. SUCh a plan-devel.q&i by the natiooal govemment,
utilizin:.J university facilities am researdlers, am~ by the
leaders Qf fi.shin;J associatioos am irdJsb:y-is needed to ensure the
orderly expansion Qf UJ'rlerdevelq&i fishery resources.

D:lvid M. Oleckley. Jr.. North carolina state university

'lbese 0 .llleiIts aclh::ess the role Qf elJ:JB am larvae in the
recruitment Qf pelaqic fish am the pot:ent.ial for an eel fishery in
Ima1esia.

'lhe elJ:JB am larvae Qf fish are usefUl to fisheries in three ways.
First, egg am larva sm:veys can be used. to assess the atmrlanoe am
distribItion Qf the spawni.nJ bianess Qf fish pcpl1atioos. '!his is
useful in di.scoverin:.J new pcpl1atioos as well as assessin:.J am managin:.J
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krD1n a'&J. seccni, i.nvestigatialS of eggs and larvae ani their
enviJ:uiUent are useful in un:ierstaniiJ'g the dynamics of fish
pqulatialS, especially recruitment. Managers can therefore detemine
whether the decline of a fishery is the result of natural canses or
averfishirg. Finally, fish elJ:JB and larvae are themselves pat:.enti.al.
fisheries. '!be larvae of several species of fish, incl.\dirg the
Japanese sardine (sardirpDs mel anosti.ct:a) and ardJt::Ny (Emraulis
iaparlCO), are fished for humim OCIlSUllption (shirasu) in Japan.

'!be eggs and larvae of fish prcNide therefore infcnmatian for both
the short-tenn management ani lager-term un:ierstaniiJ'g ani prediction
of fish rescm:oes. Irxb1esia I s develq:ment and management of its fish
resan'OeS, especially the small pelagic species (for exzmple,
sardine!la SR'., sardines; stoledlorus SR'., ardlavies; Rastrelliger
SR'., Imo-P8eific mackerels; and~ spp., jack-like mackerels),
wa.l1d benefit fran sb.dies of the elJ:JB, larvae, and enviJ:ulDents of
these species.

Ar9llllid eels, fcmd off Imalesia, may be a valuable fishery
resource. AmP!)1a 01ebensis CA. bioolor bioolor) and A. JlIm1I)];'8ta
are the daninant species. Spawni.n;J occurs in the deep water southwest
of sumatra ani Java, northwest of Irian Jaya, east of Kalimantan, and
aroon:i SUlawesi. Fisheries ccul.d oalSist of the capture of migratiDJ
eels prior to ent:.erin;J freshwater or the capture and pcni culture of
yourq eels, as in Japan. Pot:ential markets incl.me Japan am !m"q)e.



Cknllusicms am Reo IIIIedaticms

'lhese lIIOrki.rq group di solSSioos ocrJoelltrated em livin) rescuroes
that owld benefit Ima1esia ecxxanically, bath as iJrport substitutes
and as export 0 Miliodities. 'Dle follC1llin:j rescuroes~ given priority
for inprovement and develq:ment.

SHRIMP

Shrinp plays an i.nportant role in Ima1esian fisheries, am the
value of shrinp exports has increased yearly. 'Dle shrinp fisheIy has
develcp3d rapidly since trawlin) for shrinp began in 1966. 'Dle steady
rise in bath the demarrl for and the price of shr:inp pn:xh.1cts have
stiDlJ] ated naticnU and foreign capital :i.nvesbueut in the shr:inp trawl
fisheIy. Shrinp production increased frail 8,000 tals in 1968 to 96,000
tals in 1979, am shrinp exports increased frail 2,002 tals ($824,000)
in 1969 to 34,621 tals ($200.5 million) in 1979. In 1968 the value of
shrinp exports Cla'lStituted just 29 peroent of the total value of
exported fisheries pn:xh.1cts. It had increased to 90.6 percent by 1979,
bIt it fell durin) the five years follC1llin:j the initiatiem of the trawl
ban in 1980.

Irxblesia has many good shrinp fish.in) groorxls, such as the westem
and eastern coasts of sumatra, rx>rt:hern and saIthem coasts of Java,
off Kalimantan, and sart:h SUlawesi and the Arafura sea off Irian Jaya.
'!be mst i.nportant species suwortin) the Irxblesian shrinp fi.shezy are
of the family Penaeidae, ircl.\Xiirq those of exportable size of the
genera Penaeus and Metapenaeus. It has been estimated that of the
awraximately 180,000 tals of shrinp available each year in Ima1esian
waters, 50 peroent owld be hazvested on a sustainable basis. Overall
shrinp production in 1985 was 53,429 tals with a level of utilization
of aba1t 59.8 percent. 'lhus, there is the potential for further
develq:merlt, especially in the westem Ima1esian waters were trawl
fishinJ is prdlibited. In the eastem waters, especially in the
Arafura Bea, the atly area in which trawlin) is pemitted, the level of
utilization is near the maxim.ml sustainable yield.

Q:I1straints to Fully utilizm;, Ima1esia I s Shrinp Resan:oes

'Dle two main oonstrai.nts to adrlevin) the potential yield of
Ima1esia I s shrinp rescuroes are tedloological and legal.
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Tec:fu'x)logical constraints occur primarily in the wstern waters of
:Imalesia, where trawl f~, the mst effective method, is banned.
'1he b:anmel. net has largely replaced the trawl in these waters, mt it
is very selective, :ilmd:>ile, an1 limited to shallai water. An
estimated 20-30 peroent of the total sustainable shriDp resouroes are
ca\¥j1t with the tranmel net. Despite evi.derx:'8 that the shriDp stock
has recovered an1 is presesJtl.y umemtilized followin;J the trawl ban,
reintroductim of the trawl has oot been oa1Sidered for political
reasa'lS. '1he trawl was associated with prci>lems that oa'lOEm'led the
traditiooal. fishm:men of shrinp an1 overf.ishiJq in sane areas.

Legal constraints to exploitatim of shrinp stocks incluie the
export of gravid females as brood stock, \tbich is illegal mt
lucrative, an1 the efforts required to obtain a shrinp f.ishiJq pemit.

Je:) iii.erdatialB

o Preharyest stage. I1lpraVed manageaert is needed to preserve
the Arafura shrinp fishery for three reasoos: (1) the present
level. of exploitatim is near the maxiDlJID sustainable yield;
(2) there is evi.derx:'8 of decreasinj eaten per Wlit effort; an1
(3) there has been a decline in the size of shrinp c::au:Jht.
Sinplifieatim of the lioensinj procedure is also needed to
encourage invesbuetrt in shrinp fishin;J.

o Har{est stage. For wstern :Irxblesia gear other than the
traDmel. net shcW.d be fcmd to replace the trawl, an1 the
tranmel net fishery shcW.d be better regulated to avoid
oanflict between fishm:men in coastal waters.

o POstharvest stage. '1he by-caten of the shriDp fishery shcW.d
be investigated as a sooroe of fish meal or silage.

:Imalesia p:JSsesses large tuna resouroes, sane of \tbich can sustain
increased exploitatim. '1he present eaten of tuna is daninated by
skipjack (Katsuwonus pelamsis) an1 to a lesser degree by the yellaifin
('1bunnus alMcares). other species of potential value incluie the
bigeye tuna ('1bunmJs cbesus) an1 runeJ:QlS smaller tunas.

!tJst tuna are caught with poles am lines an1 fewer with p1rSe
seines, trolliRJ, ICDj lines, am gill nets. Pole am line fishin;J is
labor intensive am tlnJs may be less efficient than the p1rSe seine.

Because tuna are pertlaps the mst highly migratory fish, they are
am::n] the mst diffio.l1t for assessiRJ pcpl1ation size. Altha.¥3h the
resooroe size is largely \mkncwn, IOOSt agree that it ~d sustain
increased exploitation am thus deseJ:ves attention.
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Rec'!' .",&datialS

o Preharyest stage. !b."e infcn:matioo aba1t the available
resooroes is needed. For exauple, it is uncertain whether
biqeye tuna is available in other parts of the Irdian ocean;
it is new ca\¥j1t off TC"'JIi:x)k an1 especially in the Barxia sea.
Biqeye is um:e valuable than yellowfin an1 skipjack an1 is
usually cau:.Jht with lCDj lines. It is uncertain whether pm;e
seines can be used for its c:::aptum.

o Harvest stage. Because bait availability is a prct>lem for
pole am line fi.shin.:J, bait rearirq, holdin.J, am
transportatioo shcW.d be studied. FUrther develOpoBnt of
p1rse seine fi.shin.:J shcW.d also be oa1Sidered, as well as the
legal cx:nrtraints associated with its use in the vicinity of
porpoise.

o Postharvest stage. prooessW' am marketirg. Many
possibilities exist for tuna export marketin;, rargin;J fran
katsoo~ (dried skipjack) to sashimi (fresh or frozen
tuna). taDestic han:llin;J an1 di.stribItioo shcW.d be inproved.

small Pelagics

Irxia1esia I s seas have extensive pqnlatialS of umerutilized small
pelagic fish, i.Jx:l.l.¥ii.rg an::ilavies, sardines, sardinellas, herrin;J,
mackerel, an1 trevallies. '!he Directora~of Fisheries has
estimated that a'lly 23 pm:oellt of a total potential producti.oo of
931,000 tals of pelagic spec::ies was harvested in 1981. 'lhus, a
oa1Siderable anomt of pelagic producti.oo remained available for
harJest. sane of this unexploited potential was tuna an1 other large
pelagics, bit na;t oa1Sisted of a mix of small pelagic spec::ies.

small pelagic spec::ies are oa1SUIIIEIC1 directly as human food in
Irxia1esia, altha.¥3h their relative sensitivity to storage am transport
limits human OCI'lSlmptioo to fish caujlt close to the oalSlDIlin1
pqnlatioo. small pelagics can be canned, bit the sale prioe of this
product is lower than that of canned tuna an1limits the eoaunic
potential of carm.in;J cpratialS. small pelagic fish are na;t OiiiiaUY

used as a raw material for producin;J fish meal, am as suc.h they offer
In:1onesia a real hq)e as an inport substitute.

An eocn:anica1ly viable fishery for small pelagics woold have to
oa1Sist of oalCel1tratialS of a oad>inatian of spec::ies that woold allow
catches of aba1t 200,000 tals Oller a period of six lOOJ'lths. SUdl
oalCeutratialS are likely to occur in eastern Ird::nesia because of
prcbable upwellin;J in this area am the natural migratoxy patterns of
the spec::ies involved. A small pelagic fishery exw.d produce fish both
for human ca1SUIIptian nationally am for export am fish meal to
replace that currently iIrported.
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Reo i1.iermtia'lS

a Prehaxyest stage. '!he low level. of koowlEd;Je about the
distrihJtia1, migratial patterns, am areas of ocn:ert:ratial
of small pelagic species eew.d be averocme with the help of an
aerial survey c:xn:Jucted by a fishin] CXJ'lP'l1Y interested in
Irxb1esian:resoorces. Alternatively, such a survey eew.d be
c:xn:Jucted by Irxb1esian agex::ies. '!he size am widespread
~ of pelaqic species recpi.re the use of aerial
assessment tectmiques am experierx::led cb;ervers, ha.Never. Eq:J
am l.azva surveys in productive regia'lS lr.O.ll.d be useful as
well. Irxb1esian scientists 1lIJSt therefore be trained to
carry cut such surveys effectively.

o Har{est stage. Methods for haJ:vest.in;J small pelagics are well
established worldwide. '!hey eew.d be easily adopted by
Irxb1esian f.ishet:men am used fran DOOest-sized notorized
vessels.

o Postharvest stage. '!he postharvest t.ed'1oology for handlirq
small pelaqics is already qlBratiooal in Irxb1esia. 'lhus,
trained persamel are available to staff a new qlBratial for
small pelagic resooroes.

o DistrihItioo am mr1g¢im. SysteIIB for the d.istribItial am
marketin:1 of all three products potentially producible fran
small pelagic resooroes already exist in Irxb1esia am
worldwide.

Squid

A valuable o"i1Kdity al the world fish market, the squid in
Ima1esia I s seas are pz esently mDn'exploited. PreviaJS survey am
fishin;J efforts have imicated that squid resooroes exist near ICJIix>k
am thrcu]ha.tt eastem Ima1esia.

capture is primarily by small seine, am by trawl, jiggirq, am
ICDl line as well.

'!he pz esent small catch of squid in Ima1esia is salted am
oa'lSl1IDBd locally. Significant export markets exist, however,
especially in Japan, for dli.lled am frozen squid at prices of lime

than $2,000 a tal. Altha.¥3h squid is used primarily for human
oalSl1Ilpti.on, it is also valuable as an adlltive to cultured fish feed.

Reo iil'erdatia'lS

o Preharvest stage. ADJmant squid stocks awear to exist in
eastem Ima1esia am near ICJIix>k. other stocks shcW.d be
identified am all stocks assessed.
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o Hazvest stage. Gear am fi.shin) methods shcW.d be
investigated. Because the tedmology for squid fisheries
exists in other oa.mt:ries, use of this tedmology in Irxb1esia
will mt require great capital invesbiellt.

o Posthazyest stage. To maximize value the caten shcW.d be
iced, frozen, or dried.

o DistribItial am marketim. Market demard 1lIlSt be explm:ed.
Japan woold be a likely export market.

Deepwater Sharks

Sharks are presesltly harvested fran the shallOlri waters, yet
significant pcpl1.atia'lS exist in the deep water of the Exclusive
Ecxxonic Za1e, as indicated by the large catcbes made al tuna la1g
lines. Nearly all parts of a shark are valuable, in:::l.minJ its fin,
skin, DIlSCle, am, especially, oil (squaline), which is rich in
vitamins A am D am valuable for cosmetics. Squaline fran deepwater
sharks is JJDIe valuable than that fran shallOllr""Water sharks. Irxblesia
exported $5-6 millial in shark oil in 1986, at a value of $7-10 a
kilogram.

R9:'A i'i.erDatia'lS

o Preharyest stacie. Deepwater stocks are awarent fran the tuna
la1g line by-caten. 'Dms, aatitianal. stock assessments woold
be useful. Because shark pcpl1.atia'lS are easily averfished,
careful managemeJlt is needed.

o Hal:yest stage. '!he la1g line is the preferred method of
captme am is available to Irxblesian fishm:men with little
aatitianal. tedmology.

o Posthazyest stage. '!he tedmology available for shallOllr""Water
sharks is apprqn::iate for deepwater sharks, in:::l.minJ storage
am squaline production.

o Dis1:riJ:AJtial am mrJwt;.irg. StIag export markets exist for
shallOllr""Water sharks.

Deepwater ShriDp

Past fi.shin) has indicated that stocks of pelagic am demersal
shriDp exist in Irxblesian waters deeper than awroximate1y 250 m. '!he
status of these stocks is largely unknown, hcwever. In Australia
sc::anpi shriDp have been harvested fran as deep as SOO m.
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Reo'i1'emtialS

o Prehaxyest stage. Little is koown of either the pelagic or
demersal shrinp stocks. Both DUSt be assessed for ab.1maooe,
availability, am sustainability.

o Harvest stage. Trawling in deep water shcW.d be feasible
usinJ the 1azge trawlers new available in In:lalesia, with
DDtificatialS. A potential CXlstraint to harvest.:inJ the
demersal shrinp of the Irdian ocean is the rcujl bottan strewn
with rock am coral..

o Postharyest stage. di strilyt-igl. am martetW. '!he practices
new in use for shalla.r-water shrinp shcW.d be aw1icab1e to
deepwater shrinp. StIag export markets exist.

MARICIJIJIURE

'!he cultm'e of marine organisD& is a relatively IBi venture in
In:lalesia. '!he cultm'e of ftesh- am brac1dshwater organislls is highly
successful, am thus maricultm'e is perceived to have great potential.
Marine organisD& presently be:inJ cultured in In:lalesia irx::l.uie fin fish
such as grooper (Ep:inel:ilelus EW.), sea bass or barranI.Jrdi (lates
calcarlfer), am~ (I11tjams EW.); invertebrates such as
shrinp, crabs, pearl oysters, am sea ODJJDJ:-ers; am BeaTNeeds.
Q1ltures of na;t of these organisD& are beglm with~ stages
collected fran natm'e, lItirlc:h at times are limited in availability. '!he
United NatialS Deve1cpDel1t Pnxp:am has f'urxBi research that has led to
the ocmtro11ed spawnirg of sea bass, an inportant step in its oarp1ete
culture.

CcIlstraints to the develcpDel1t of maricultm'e in In:lalesia are
primarily the cxst of food am the availability of~. Food, lItirlc:h
is inported. as fish meal, is often the major expense of mariculture.
'lhus, the availability of a less cxstly Slg)lyof food, such as fish
meal fran shrinp by-catdl, would reduce productioo costs. '!he Slg)ly
of~ for stcx::king is also inportant. Efforts shcW.d be made to
both cptimi.ze the acqnisition of naturally produced~ am produce
~ in captivity. Because the culture t.ed'1oo1ogy, processing,
clistribItion, am marketirg are well develqm, there is significant
potential for mariculture in In:lalesia.

'!he living :resources of In:lalesia I s coastal ngialS are mt
necessarily mU!vel.qm, blt they recpire prcper management to ensure
sustained yields. In sane ngialS such as parts of Java exp1oitatioo
is heavy, lItirl1e in other places such as Kalimantan am Irian Jaya
resooroe use is 101r1. '!he management of In:lalesia I s coastal waters is
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<:arplicated by the high density of its :resoorces am how they aze
exploited.

It is reo i'llerded that a coastal :resoorces management plan be
initiated to place the ownership, use, am. management of :IeSOUrOeS in
local CClq)eratives or fisheries. SUCh a methcxl has worked SlJOCeSsfully
in Japan am. in a small regiem of In:lalesia in the Moluccas Isl.ams for
a riverine fishezy. 'lhi.s plan sha.lld irx::l.\.de a central body to advise
am stl.dy the local units, particularly stock assessment am. research.
Full inplemant:atiem of such a plan shcAll.d be al~ goal (pertlaps
10 years), l:1lt a cost-benefit analysis am. its inplemant:atiem sha.lld
begin within a year.

Research is needed at all stages of the develcpnent, use, am.
management of In:lalesia's living marine:resoorces. For exanple, to
attract capital for fisheries developuent, infcn:matiem em the
distril::utiem, a1JlD"DJooe, am productiem of the resaJrOP in questiem is
needed to predict a retmn em invesbtent, be it by gcverraent or the
private sector. Gear developtei1t am techrx>logy JDJSt also be
analyzed. At present, ally $60,000 is devot:ecl to fisheries research,
Wile fisheries exports alal8 exceed $300 millia'1 anmal.ly.

First, am DDrt. iDportant, resaJrOPS JDJSt be identified am. their
potential. assessed. Both oawentiooal means--sucb as sanpling fran
ships, aerial surveys, am. questicming of local fi.shermen-arrl navel
methods, especially nm:rt:.e sensing (for sea surface tElrperature am.
P1YtcPlanktal), shcAll.d be oalSidered. '!he optimal strategy for
disocNerin] am. assessin] fish stocks ~d use~c
(Pwsical, d1emica1, am biological), satellite (sea surface
teIpP..rature am chlm:qiIyll), am fishezy (egg, 1al:va, am aocustic)
investigatioos. It is moessary to Jcoow, for exauple, what level. of
exploitatiem am be sustained by a resaJrOP am~ variatioos in
the size of that resaJrOP aze natural or a :result of human activities.
SUCh JcoowIEdJe cannot be acquired elsewhere am tlms it is of high
priority. '!his is a goal shared by fishezy scientists of all natioos.

secc:n1, research em fisheries techrx>logy is needed, irx::l.ming gear
am design, fishin]' methods, am postha%vest storage am. processing.
MJd1 of this techrx>logy exists elsewhere in the world am need ally be
adapted to bath the small-scale am. larger fisheries in In:lalesia.

'Dlird, research em the socioeoaDDics of In:lalesia' s
fisheries-artisanal am. imustrial, coastal am. offshore, develcp:d
am. develq>ing-is r9C2iiliemed. '!he ecannics of fisheries irx::l.mes
the cost of resaJrOP assessment am management, capitalizatiem,
marke'tin], sales, local irxxIDe, am. export reverue. Sociological
factors incl\.de esrployment am. protein productiem. Evaluatiem of a
potential. fishery am management of existing fisheries require a basic
Jcoowledge of these am other factors. Principles established elsewhere
shcAll.d be applicable, with DOOification, to Ima1esia.
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Finally, research a'l DI!Irlalltul'e is required. P8rtiallar areas
neediD;J attentia'l are the develqmaut of food for alltured ozganisms
am the productia'l of or aoo !lSS to yaDJ for st:.ocJdD;J am sust:ainirq
alltured pq:Jll1atialS. '!he socioeoaDDics of JD!Iriallture also deserJes
attentia'l.

F'Un1:iDJ for fisheries research is a major OCIlStraint. It is
essential that significant finan:::ia1 ERJAXnt be OCIlIIlitted to research
if Inblesia' s fisheries aze to sustain exp1oitatia'l.

'!he develcopuent, use, am managFldfllt of Ima1esian 1ivirg marine
resooroes also requires educated am trained persamel. '!he vocatiooal
sdlools, acadenies, am universities 1lIlSt therefore train the artisanal
am in:tustrial persamel (inclu::lin;J fishenDen, gear am boat blilders,
ships' crews am officers, ptOOSSSOIS, am marketirq persalS) am
research am extensia'l persamel (incl\¥lin.;J fisheries managers,
scientists, am extensial wm:kers) needed for jciJs associated with the
fisheries. '!he latter persalS aze iDport:ant because they pravi.de for
the transfer of both t.ed'1oo1ogy fran research institutialS to users
(for exaup1e, fishm:men am ptOOSSSl:a:s) am prdl1EIIB fran users to
research institutialS.

'!he develop&ellt of human resan:oes is himered by the <::m:n!II1t
shortage of funjs, 1<7« quality of education, am lack of t.rai.niJg
appzc:priate to Ima1esia's needs. 'lhus, it is reCUiiierx3ed that
in::reased f\.miin;J be expenjed for the educatia'l am t.rai.niJg of
fisheries persamel, inclu::lin;J facilities such as t.rai.niJg vessels am
equipuent. It is also reo iiiierx3ed that the quality of the present
educatiooal am t.ra1nin:J institutia'lS be iDproved, rather than creatirg
new institutialS or ptograms. It may be useful to stren;Jthen ale

institutia'l of each type as a center of excellence in Ima1esia.
Finally, it is reo iiiierx3ed that the education am trainirg be
~iate to Ima1esia' s needs, incl\¥lin.;J such diverse elements as
artisanal fishenDen am DIlltispecies am DIllti-islam fisheries.

'!he coordinatirg CDmittee for the Natia'lal. TerritOJ:y (Panitia
Kool:di.nas Wilayah Nasiooal), whim was established in 1971, has
c:art:.i.rued to ooordinate activities pertai.nirg to Ima1esia' s seas, even
after 1982 am the law of the sea cawenti.on (LOSC). It was decided
then that there was m need to establish a separate aqercy to iDp1ement
the provisialS of the LOSC. It was sanehow believed that the varialS
departments in Irxlonesia walld adjust to the situatia'l, whim has
drastically c:han;Jed sizx:,e 1982.
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Ma1Wje1&tt of fisheJ:y !.'eSCJUrOSS to ensure fulfillment of the
lcn;r-term socia! am ecuanic needs of Ima1esia is OCIIplicated by the
nnnher of species am types of fisheries in Ima1esia. It is nat
possible therefore to develq> a manageUfIat plog:nDll that can be awlied
lDliversal.ly to all fisheJ:y stocks.

It is ~ililerded that a task farce made up of policymakers,
researc:hers, am :imustry :r:ep:eseaitatives be assigned to each resooroe
in need of lDaI'B':JEIDBlat. 1hese task forces walld establish, pe:r:haps
regiooally, goals am ciJjectives for each of the fisheries, irx::l.u::lin;J
target catd1es to be 8C'XX1!1'lished CNer time. In view of the likelihood
of fut:m'e exports fran the new fisheries, a program of cpality
assurarD! will be essential for 0' i'II!AlOia! success.

A possible timetable for the reo ill'WdatialS made in this section
is shawn in Table 1.

TAmE 1 Possible Timetable for Drplemant:atim of the Reo iiliernatialS
of the WOrJciJ'KJ Groop m IJ.virg Resa1roes

Repelita Repelita Repelita
IV (1984- V (1989- VI (1994-

Tcpic 1989) 1994) 1999)

SHRIMP
Prehal:vest
Arafura fisheJ:y DgIIIt. X
IJ.oensirg siDplificatim X
Haryest
Alternative gear to

traDmal. net X
Regul.atim to reduce

coastal fi.shenDen
oanflicts X

Postha:r:vest
By-catch for meal or

silage X

'lUNA
Prehal:vest
Resa1roe assessment X
Ha:r:vest
Bait availability X
Purse seine fishery

develc:puent X
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TABLE 1 o:nt.i.mecl

Repelita Repelita Repelita
IV (1984- V (1989- VI (1994-

Tc:pic 1989) 1994) 1999)

Postharvest
Prooessin3 am marketin; X

NEH RESalRCES
3m]1 pelaqics X

~ X
Deep@ter sharks X
Deepwater shrinp X

MARIamIURE
Food (fish 1IfflJ)

Producti.al X
Yourp for stockim
IDpraved oollectial X

fran nature
Artificial pzqagatial X

cn\STAL RESalRCES
e»astal managelleJrt; plon
cmt-benefit analysis X
Initial inplementatial X
Full i.Dplementatial X

FISHERIES RESFARCH
Rescmoe assessment X X
Technology reseaxd1 X X
SOCioeoonanics X X
Mariculture X X

IUWi RESalRCES
Irx:xeased fury')i N for

educatlal. trainim,
alii facilities X X

Inprovmeut in qna] ity
of educatial am
trainim X X

InpravemeJrtin
ag:n:opriateness of
education an:l trainim X X

~

Inp!ementaticn of
taM foroes X
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Imalesian Offshore Mineral Deposits

J. A. Katili
Ministry of Mines am Energy

H. M. S. Hart:alo
Marine Geoloqical Institute

INIRDJCI'ICfi

'!he available infmmatial on the cx:x:::urre.t'D of marine mineral
deposits in Ima'lesia is generally poor, except for oil, gas, am tin,
lItirlc:h are already beinJ exploited am exported ('rable 1). other
minerals (e.g.,~ nodules, ocbal.t-ric:h fe.rranarganese crosts,
~te) with resooroe potential have been fwrd in Imalesian
waters, bIt their a1JlD'DJooe relative to quantities necessazy for
o iiii.Cia! exploitatial are unknown because ally a small portial of the
seabed has been explm:ed. Geoloqic reasarl.nq also suggests that
c:xntitia'lS are favorable for the cx:x:::urre.t'D of other mineral
rescuroes. For exanple, the oceanic crustal rocks in sane Imalesian
seas have magnetic pz'q)erties that sane scientists believe originated
fran spreadin;J centers 'Atlere the rocks were fonoed by higb.-t:.ellperature
volcanic prooesses. Mineral deposits related to present or for:mer
spreadin;J centers, fwrd in similar geoloqic~ elsewhere, are
therefore likely to occur in Ima'lesian waters.

'!he potential for mineral resources in Ima'lesian seas can be
detemined t:hroogh a pzogzam of recau18issance geoloqica1 surYeYinJ,
mawinJ, am sanplinJ followed by detailed exploratial of specific
areas of pranise.

GEX>UX;IC~ OF MARINE MINERAL RE9CXJRCES

World offshore oil production is new about 20 percent of total
production, bIt it will prcbably in:::rease in the future. Offshore oil
production in Ima'lesia is new about 41 percent of total productial,
am it too is likely to in:::rease in the future am possibly exceed
ooshore prcducti.on (Figure 1).

oil is fwrd in sedimentary basins, am geologically Ima'lesia I s
basins can be classified into foor types:

1. Fore arc basins
2. Back arc basins (imler arc basins)
3. Intracratarlc basins (median basins)
4. Passive oootinental. margin basins.
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TAmE 1 stage of Beneficiatim am occur.rence of Inb1esian Marine
Mineral Resources

stage of Beneficiatim

Explora- Exploita-
Type of Resa1roe tim tim Export coastal Offshore

Tin X X X X X

Ira1 sam X X X X X

()Jartz sam X X X

sam am gravel X X X X X

!b:l X X

Coral X X X

Marganese n:xiul.es X

Metalliferous uu:Js - X

Olranite X X

oil am gas X X X X X

Radioactive
minerals X X X

Coal X X X X

Geathennal energy X X

R'losP1ate X
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Fore Arc Basins

'lhi.s type of basin is fonnecl directly fran sulxlucti.on, when
subsic:len:::le occurs between the zales of accretion am volcanism. SUd1
basins are fcmrl in weste1:n sumatra, southern Java, the sawu sea, am
the weber Deep. '!hey are all located at similar positialS in an islam
arc settinl between a su1:xiIx:tioo trerdl am magmatic arc. '!he
thickness of the sediments may :read1 up to 7 kIn, b.It \D1ti.1 new no oil
has been taken fran these basins. Off~ exploratioo west of sumatra
has i.n:iicated the pl:eserXJe of gas. '!he absern! of oil is prci:lably
caused by a 10lri heat flOlri. 'lhus, the process of hydrocal:tx::na
maturation c:oold oot have taken place. '!he oc::x:::urren:: of a large
quantity of volcanoclastic oa'lStituents in the basin may also be
hiJ'x)erinl the aoomJllation of l1ydrocaJ:bonacea.lS sustances.

Back Arc Basins

'lhi.s kini of basin is the na;t productive because (1) subst:an=es
are present for the generation of hydrocart::lal, (2) its sedimentary .
layers are favorable for the aocID1Il1 ation of hydrocarlxm in the clastic
as well as carl:a1ate facies, (3) the deep-sea shale acts as seal, (4)
sufficient heat flOlri is pi: esent for maturation durinl deposition am
subsidero!, am (5) favorable tect:arl.c oc:ntitialS are present for the
oa'lStrocti.oo of stroctural traps.

In sumatra the back arc basin is baln:1ed on the sart:l'l'.Nest by the
8eJllar¥lkD fault am 00 the oortheast by the tin belt.
stratigrapucally, it is restinl 00 the suma cratal which inclmes
pezno-carbaUferoos layers rich in l1ydrocaJ:bonacea.lS subst:an=es. '!he
basin qeled durirg the Paleogene Period am was SUWlied by materials
fran neighborirg areas. 'lhe sediments are rich in carl:a1acea.lS
materials derived fran favorable env:il:a I[Delrt:al cxn:titialS: terrestrial
with alluvial fans, fluviatile, laalStri.ne, am swanpy.

DJrirg the Farly Mic:ame Period a transgression occurred in which
sediments were deposited that later develcped into reservoir rocks.
Deposits of shale in a deep-sea environment act as trap layers.

'!he uplift that occurred durirg the Middle Mic:ame Period raised
the Barisan Ibmtains. 'lhi.s was aOCCllpalli.ed by subdJx:tion, volcanism,
am transcurrent dextral 8eJllar¥lkD faultirg. '!he back arc basins were
then ocrrpressed, crea.tirg stroctures favorable for hydroc:artxJnacea.lS
a.ooD!l11 ation.

SUd1 back arc basins exteni the whole lerxfth of sumatra a'l the
eastern part of the Barisan Ibmtains, especially the foothills am
coastal plains. '!he basins exteni to the northern part of Java.

Intracratalic Basins

'lhe Tarakan, Kutai, Barito, am Makassar (intracratonic) basins are
fcmrl in eastern Kalimantan am the Makassar strait. '!hey are located
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between the core of the c::rata1 in Kalimantan am the 'l'ertJmy volcanic
f'ra1t in west SUlawesi. '!he basins of this volcanic fra'lt, which is
actually a magmatic arc, are in a back arc positioo.

'!he fcmDaticm of these basins began durin) the Paleoget~ period
t.hrcu1h the processes of extensicm, thiJmi.rg of the oootinental crost,
am subsi.de!D:l. SUbsiderx:le CXXltin.1ed durin) the Miane 'l'ertJmy period
with the depositicm of transgressive sediments, follCJNed by regression
with CDipLessive DrNeIDents related to the uplift of the Meratus Rarge.
It exw.d have also been related to the 'l'ertJmy west SUlawesi Arc
develcpuent. 1hese cx.ntitialS facilitate the deposition of cazbalaoeo.lS
material, its maturation, am the a.ooD!l11ation of hyt)rocarbcn. '!he
heat necessary for maturation oanes fran the extension process.

Passive CD1tinental. Margin Basins

'lhi.s type of basin is oalfined to a passive oootinental margin am
is related to the extensioo of the Australian oootinental crust to the
IrD:rlesian area. It is a passive margin as it does mt have an islam
arc systen at its margin.

'!he basin between Timor am rxrthwestem Australia has been
explored for its hyt)rocarbcn potential with favorable results. sin:le
the basin ext:en:m substanti.al.ly into Irx1alesian areas, it shalld be
oa1Sidered a potential area for hyt)rocarbcn exploraticm.

'!he sediments overlyin) the baselrent have shown a horst an1 graben
structure. A regressive }ilase of sedimentation was follCJNed by
transgressive sediments am follCJNed again by regzessive sediments.
'lhi.s cycle cxI1tinJes durin) geologic history. layers oontaini.n; oil
am gas occur in sediments that are Penni.an, Triassic, Jurassic, am
cretaoeoos in age.

When the rxrthwestem extreme of the basin collided with the Barna
Islan1 Arc systen, a oarplicated structure resulted. Inportant
stroctural features associated with the collisa1 are a trerdl, where
the Australian shelf collided with the Barna Islam Arc, am an
aocreticnu:y weci1e, which is occupied by the alter na1VOlcanic Barxia
Arc. '!he oarplicated stroctures of the accreticnu:y weci1e are caused
by the~ pz'q)erties of crusts, where it is mt possible for a
cxI1tinental crost to be subducted mner the arc cxI1tinuously.
CD1seqUentl.y, a lIli.xin:J of arc am shelf CCJllaleJrts occurs, resultin) in
avert:lmJstin;J, shearin), am fau!tin).

An excitin) geological discovery was recently anJ'lOOI'¥:lE!d by
Pertamina fran the '1'cm:>ri Blcx:k, Tiaka well No.1, located offshore
est of SUlawesi. A delineation well (Tiaka No.2) oalfUmed the
preserna of oil, derived fran Miocene carl:xnates, at a depth of over
2,218 m. '!he '1'cm:>ri Blcx:k is located within the SUla MiCIOCOIrtinent.
It is thalght that oil fran such an envira1ment originates in the
Triassic-Mesozoic layers am is trawed in yoorr:Jer layers. Further
st1.dy is needed of the Miocene carl:xnate layers in which the oil is
reported to be am of how they relate to the mnerlyin) Mesozoic
baselrent.
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Tin

It is DXlStly secx:Ildazy deposits (placers) of tin that are bei.rg
mined in offshore areas. Tin particles with a high specific gravity
are scattered fran the disintegratin;J lllXher rock (tin-bearinl
granite), an1 they })eo lilA oalcentrated by sorting. '!he processes
:respa1Sible for this disintegratim am oalCel'ltration process are rock
weathering, river erosim, sea abrasim, am sorting by repetitim of
transgressim an1 regzessim calJsed by sea level. c::harges during the
()laterna1'y. 'lhese processes facUitate the sorting of minerals, while
the high specific gravity of tin facUities the oalCel'ltratim of tin
ore. Sorting may also be calJsed by the actim of river water.

Tin occurs in the areas surraJI'¥ii.rg Bargka, Sin;Jkep, KariDam,
I<Umur, am Belitl.1rg, which are located in the tin-granite belt. '!his
belt ext:en:m to the Malay Peninsula am 'nlaUam, am there is possibly
an eastern extensim to Kalimantan. '!he age of the tin granite is
Triassic.

Based m tedmi.cal data f\n:nishOO by the~ vessels owned by PI'
Tani:mg Timah, the maxin'l.Dn depth at which tin ore can be dredged is
21 m. 'I\t«) dJ::~ part:oa1s are in qleration: a Burabaya~ pa1t:oon
with a maxin'l.Dn~ depth of 21 m am a Rayah~ pontoal with a
maxin'l.Dn~ depth of 12 m (Mini.stty of Mines an1 Energy, 1984).

Radioactive Minerals ('!h)

Tin-bearing granites also CX11t:ain lIOlaZite, radioactive minerals in
which thorium is an :inport:ant element. ~ite is therefore a
by-product of tin mi.ni.n1 am may be fcmrl off Bargka, Belitl.1rg, am the
other tin islams (IAGI, 1985).

Clranite

Olranite deposits have reportedly been fcmrl in eastern SUlawesi,
am it has also been reported that offshore deposits occur near the
known alShore deposits (McKelvey et al., 1970). Details aba1t the
deposits are not given.

Geologically, dlranite is associated with qirlolite-ultrabasic
rocks, which are known extensively in eastern SUlaTNeSi. '!hus, it is
highly likely that dlranite occurs in the offshore areas of eastern
SUlawesi. Because dlranite is in high demarrl, exploration shcW.d be
pm;ued.

Fha;p1orite

RlosIilorite deposits on the sea floor sooth of Tim:>r have also been
reported (McKelvey et al., 1970), bIt again no details aba1t the
deposits are available.
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Based al the geologic ocnii.tioos of kmwn deposits, marine
~tes can be formed in bath deep am shallow seas at depths of
fran 30 to 300 m, where slow clastic sedimentatial takes place.

Offshore Metalliferous H.m

Metalliferous J!Lds have been di.soaYered al the Ban:Jihe Islams near
Awu volcam (}i:::Kelvey et al., 1970). PUrther details are oot kmwn.

Offshore metalliferous DUi is formed by hydrothermal processes at a
~bJre of aba1t 3SOoC. 'Drls process usually occurs at zaleS of
seafloor spreadirg, at urdersea flanks of an active volcam where
fumarolic,/hydrotheJ:mal activities are taki.rg place, or at the SlDIIIlit of
a subDarine active volcam.

Iral,~, 0CJRler, am nickel. Oiiiially occur as sulfides.
'1hese elements are derived fran magma with a basaltic olillCSitial.

HydrothenDal. processes take place at depths that vary fran several
lmrxir:ed meters in the Red sea to CNer 5,000 m at spreadirg centers in
the Atlantic am Pacific oceans. Metalliferous DUi has been collected
fran the volcanoes BaI"I1 M.1hu am MarIlpi in the Pacific am santo Rini
fran the Mediterranean sea. 'lhe metalliferous DUi at offshore areas
near the GurJ.lI'g Awu--San;Jihe Islams may cane fran the flank of the
umm.-water Awu volcam where fumarolic or hydrothermal activities are
taki.rg place.

Active spreadirg centers are oot present in :IRblesia. 'lhe
spreadirg magmatic lineatioos al the floor of the :eama sea am saIth
of SUDiJa are the result of seafloor spreadirg that began durirq the
Jurassic period am ceased durirq the Cretaoea.1s period. 'lhus, it is
liJc:ely that the seafloor oart:ains hydrothermal mineral deposits.

Iral sam is fami alag a1llx:lst all the shore line saIth of Java,
am reportedly alag the western coast of sumatra. Iral sam fran sane
of the deposits mined at Cilacap am saIth of Yogyakarta has been
exported.

caamtratioos of ore are formed by the direct abrasial of sea
waves al coasts where volcanic effusive :rocks occur. Iral sam is
CCitposed mainly of magnetite am ilmenite, the parent rock fran Widl
volcanics are derived. 'lhe volcanics are kmwn as the Old ArrJesite
FonIIatial, lrttU.dl is Paleogene in age. Derivatial fran youn:Jer
volcanics may also be possible as these are also fami alag the
saJthem coast of Java.
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Manjanese Nodules/crusts

Manjanese nodules are faJrd at the bottan of the world's cx::eans.
Manjanese also occurs as oxide pavements, or crusts. Reportedly,
~ has been faJrd llIeSt of sumatra, saIth of :Laltxlk, in the Barna
sea, near the islands of nmar ani Misool, north of SUla, north of
Manada, north of Halmahera, ani north of the Birds Head.

Manjanese DDiules are generally di.scaYered in deep seas between
4 and 5 Jan deep. '!bey have, however, also been IEpOlted in relatively
shallow seas. Nodule size varies ftan microscq>ic to 1 m in diameter.
Althcu#l this J:'eSQ1I08 prci:)ably occurs in large quantities, mi.nin; is
still risky and mt ecalClDical.

Geologically, coal deposits can extenl to offshore areas, as is the
case with hydrocaItxm.~ can be easily mined, however,
becalJSe of its liquid nature, bIt this is mt the case with coal. 'D1us
far iJd1st:Iy has shown no Wicatien of~ offshore coal
mi.nin; in IrxkI'lesia.

In offshore reDK:Jte areas coral has been excavated for l:uildirg
materials, and en a small scale excavatien is pennittecl. Iarge-scale
excavatien, however, shcul.d be prchibited because it creates an
ilIbalaooe of the ecosystem ani generates \D'1favorable envircrJmental
ocntiticns.

Inda1esia is an islard arc ~d1 has a magmatic belt with volcanoes
as a surface manifestatien. Geothermal energy has therefore great
potential for IrxkI'lesia.

Because oo-lard qeotheImal energy has already been nmestly
exploited and can still be devel~ and exterrled, it is daJbtful that
exploitatien will take place offshore in the cani.rg decade.
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Mineral :resooroes play an bportant :role in IrD:x1esia' s
developuent. In the last decade offshore oil am gas productioo have
gained a larger share of total oil producticn-it presently represents
41 percent of total productioo am will exceed 50 percent in the near
future.

'1bese cxn:::lusia1S am l:«UiihEimtia1S do mt address the potential
of oil am gas. '!bey CXI1Cel1trate instead 00 other CUlillCdities that are
koown to have potential bIt are umerdevel.qm. '!he followin;J sectia1S
identify these CU'i,J:Xii.ties, arrarge them aoc::ordi.rg to short- am
ICDj-tenIl developuent, identify 0Cl'lStrai.nts to their developuetlt,
PZqxJSe a developuent progt:aDl, am qive a plan for short-tenn actioo
durirq Rspal.itas V am VI.

ANALYSIS OF MINERAL ex:tH>DITIES

Table 1 shows the mineral olii,uiities koown to ocx::ur in :IRblesia's
seas. Of these Oi'i.Kdities, the nine listed in Table 2~ j\D3ed to
have the JOOSt pranise am~ the subject of further disolSSioo.
Table 2 also lists factors that DUSt be taken into aocamt before
placirq priority 00 the developuetlt of me mineral aver another. IQlown
oocurrerx:e ran:Je8 fran the lrt1ea1th of infonnatioo 00 :IRblesian offshore
tin placers to the scattered reports of marganese rxxhlles am crusts.
A probable occurrence is me Sl¥JgeSted. stragly by the geoloqic
settirg, such as the likelihood of gold placers beirq famd off areas
of koown alShore gold deposits. In JOOSt cases the quantities of
resooroe minerals present in Irrla1esian waters are totally \.D'1known.

In Table 2 techrx>loqy is CUlSidered develqm if it is available
~ in the lIIOrld. '!he worki.nj qroop assnued that a techrx>loqy
oc:A.ll.d be acquired, for a fee, if needed. In sane cases mi.ni.n:J
tedmiques have been tested am proven workable, althcuj1 the
particular CU'i.aiity is mt beirq mined cxmnercially. In two instances
in Table 2 pzooessirq techrx>loqy is shown as cxmuercial even thcuj1
mi.ni.n} has mt passed the test lilase. '!he reasa1 for this awarent
paradox is that metallurqica1 pzocesses have been develqm for the
ooshore equivalents of these marine (u'i'Kdities.
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TABlE 1 ExaJrples of Mineral ai.".dities for Future Developue:ut

Placers

Tin
Gold
oiaDl:n:l
Ioblazite
Ira1 sam
Ilmenite
Gamet
C11ranite sam
ziroal

J4Jxeaates

sam
Gravel
PUmice
Shell
coral.

Irrlustri6' Minerals

Clayjkaolin
Bentarl.te
WOlframite
Quartz sam
Barite

cemlt-ridl
~crust

Marganese nodules
Aragalite
~te

HI) (polymetallic sulfides)
ClJWer
Zinc
Isad
Gold
Platimm
Silver

'!he :infrast:ructur cost Wicated in Table 2 incl\XJes the cost of
providirg services such as power, water, roads, schcx>ls, and haJsirq to
a<X) 1'lliCdate the peq>le and materials involved in the m:inin;J steps that
lead to a marketable product. For exanple, a m:inin;J finn wwld have to
invest a1x:Alt $1.7 billial. to begin a marr;rcmese nodule venture. '!his
invesbISut wwld provide for two m:inin;J ships, a fleet of ore carriers,
a marine tenninal., a prooessirq plant, a waste disposal facility, and a
transportatial. net. In the case of sam and gravel a m:inin;J oarpany
wwld brlld a shoreside facility for washin:J and sizirq, and it wwld
have to locate the plant near sources of water and power and near a
rail track leadi.rg to market.

'!he envi.J:ame:ntal inpacts shewn in Table 2 are of general 0CIlCem.

'lbeir relative ranki.n]', however, reflects the extent to Wldl
researd1-ocn:iu mainly in Em'q)e, Japan, and the united
states-1lakes it possible for a regulator to ensure that cxmnercial
rea:Ner'j activities will be carried oot in a manner that is reasooably
safe environmentally. sam and gravel m:inin;J is of special 0CIlCem in
IrxJalesia because it wwld prci:)ably be ocniucted close to met:rcp:>litan
areas and fisheries. Altha.1gh this'situatial. is famd in Japan and
Em'q)e withalt awarent pollutial., this workirq graJp recognized the
potential for damage to fisheries in Irrlalesia if the prcper
regulatial.S are mt jnposed.
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TABlE 2 Potential Developtent of Marine Mineral ResaJroes in IrxJalesia

MininV Market Potential
occur- Processirg Infra- Enviral- Priority

Mineral rerD!/ '1'echJx)logy strocture mental Research within
Family ()lanti.ty Devel~ cost Inpact Needs 10 Years Beyoni

SHAI.J:atl SFAS
Placers

Gold PrciJablej C/C Low Low Exploratim High High
?

Tin Koown/ CS/C Low Low Deeper Medimn Medium
ab.nnant water

Jllinirg
Aq:;p:~tes Koown/ C/C Medimn Enviral- High High
(sam am ab.nnant mental
gravel) effects
Irrlustrial Koown/ C/C Exploratim Medimn Medium
(glass ab.nnant
sarrls)
DEEP SFA
Hydrogenetic

Man:janese Koown/ Til' High Low Exploraticm Low Medium
nodules ?

Man:janese Koown/ NoneII' High Low Exploraticm High High
crust ? & Jllinirg

fhos- Koown/ T/C Medimn Low Exploratim High High
Plorite ?

HYI:R:1IHERMAL
KJOO PrciJable/ T,INale High ? Exploratim High High

?
Poly-
metallic PrciJable/ NalejC High ? Exploratim Low
sulfides ? & m:inin;

Note: ? = unknown
C = cemnercial

CS = cemnercial in very shallow water
T = Tested successfully

'!he researd1 iSS'1E'S included in Table 2 are those CNer Wi.dl
In:ionesia has sane <X1ltrol. In JOOSt cases the need for exploratim
data is clear. In sane cases m:irli.rg 1:ec::hrx>logy needs to be devel~
ani, in the case of tin, iJrproved to penni.t deeper dredgirg. '!he
potential inpact of sam am gravel m:irli.rg led the wo~ graJp to
rec:xmnerx1 an envil:alDslltal. assessment, followed by a government-level
decision on the suitability of eadl m:irli.rg site pIqXlSed by irrlustty.
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'lhe wcrltirq gr<q) OCI'lClmed that the nearshore am shallow-watar
0"'" dities in the Exclusive EamaDic 2'.a1e (EEZ) are of higher priority
for near-t:em developue:ut in IrxJalesia than the CUiiilOdities in deep
water. 'lhe reMOI1S for pl.aciB) a high priority cm shallow-water marine
minerals are: .

o A market presently EDd.sts for the nearshore Oilii!Oditi_ ani
two Cnlilkdities (tin am sand am gravel) are known to occur
in oc:muercial quantities.

o 'lhe Marine Geological Institute has the persamel am
qrlpuent to ocniuct the necessazy st1.dies am to provide
within a short time frame the maps am reports needed to
evaluate the potential for exploitaticm.

'lhe gr<q) also acp:eed that priorities for nearshore inYestigatialS
ani deYelofilEnt, in decca"di.n) aIder, are:

1. Tin
2. Gold
3. sam am gravel
4. Ird1strial. minerals (for exanple, glass sands).

Deepwater resaIrOPS within the EEZ for later deYelcpuent irx::lude
~ites,~ nodules, cxDUt-ridl ferranan;;ransse crosts,
metalliferous ums, am polymetallic sulfides.

Table 2 sbc7.1ls the inportaJxle of bathymetric, geqbysical, am
geological mzq;::pi.n) bei.n) cx:niuct:ed in a sequence that takes into
accamt both the priorities of certain mineral OUiiI.dities am their
probable locatialS.

Planni.r'g strategy

A OCIIiJination of Irrlooesian am U.s. experierre EUJ':}ests the
followlrg flow of activities:

o :Invent:cny of existi.n) data cm Irrlooesian waters am resources
(both Irrlooesian am foreign)

o Developueatt of trained manpower am ~ition of required
equipuent

o Field llIOrk (at sea):
Recall 18 i ssar¥:le scale mzq;::pi.n) (for exanple, GIaUA,
high-resoluticm sei smic reflection)
Framework geology (for exanple, DUltidlannel., seismic,
magnetic, gravity)
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sediment:aJ:y deposits ard pzocesses
Marine minerals
ooastal. pzocesses (for exaDp1e, erosien, polluticn,
resan-oes) •

Procednrally, seafloor mzq;::pirq wwld be ocrd1cted first. '1t18l
areas of interest, identified t:hrcujl geqiIysica1 t.ectmi.cp!s, wa1ld be
sanpled.

'!he 'b:'ai1'1irq ·of professicnal.s ard tec:tmicians is wl.l. a1~ for
these tasks. ~ is the primary oalStraint at this time.

Repelita N (Present to 1989)

Activities will center en fau: goals:

1. Inventory of existin;J data
2. OX1ti.nJatien of train:in;J of persamel. for nearshore stuiies
3. Prepimltien for field work in nearshm'e areas
4. Pragmatic stuiies to encourage foreign participatien.

Repelita V (1989-1994)

'1'q) priority wa1ld be placed en ilrplement:atien of a marine mzq;::pirq
pztqJ::am. 'lhis exw.d lead to exploratien ard evaluatien of
shallai""Water areas for tin, gold, am sam ard gravel. Tin is a1rMdy
bportant to the IrxkI'lesian eccnany. 'lhus, the eqilasis I1ClII shcW.d be
en locatiD; additicna1 tin in known areas t:hrcujl detailed mzq;::pirq am
exploratien in deeper water. In the futUl:e the eqilasis shcW.d extem
to deepr water drea;Jirq am a seard1 for potential geograpuc
extensicns of the tin-granite belt to seek new reserves.

Q1-lam gold deposits are known am malped en Kalimantan ard
SUlawesi, bJt possible offshore deposits shcW.d be explored as well,
such as south of Kalimantan. Qn:lentrated offshore gold deposits also
possibly exist near the JID1ths of rivers that drain the oo-lard
gold-bearirq regien. seafloor mzq;::pirq ard sanplirq will shew the
extent ard oax:'8utratien of offshore gold.

141Iegates such as sam am gravel can be used as blildirq
materials en the free market islard of Batam. sam ard gravel shcW.d
be scujlt to smve as ac};JZegate in oax::r:ete for OCX'lStroctien am as
lardfill. For the fomer, surveys shcW.d be ocrd1cted near major
cities so that as alShore resources J:>eex>ame depleted in that area, am
if envi.J:amental am lard-use cxn:m:ns precl\.de their use, there is a
possible marine solutien to a city's ac};JZegate shortage. Ba1th Irian
Jaya, for exemple, needs sam am gravel because there is no alShore
SUWly. other areas such as Sirgapore shcW.d be explored as possible
markets for exports. Deposits Itt suitable for OCX'lStroctien~te
may be suitable for larxlfill ard for dike OCX'lStroction for shrilrp
fanniJ'g, far exzmple.
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Beycni 1994

Beycni Rspal.ita V the eqi1asis will be al explorinj am evaluatinj
the deepwater :resooroes shown in Table 2. rrhis will involve
sqirlsticated equi.poent such as deep-tows am a larger ship capable of
seafloor sbxiies at depths to 5,000 m. It may also inclme usinj a
research ERJbnersible or other advarx8i tec::hoologies.

~ ISSUES AND RFX:XH!ENtlM'ICH)

It is reoM...eded. that intematimal. ~tive projects be
0CIltim1ed am encouraged to SUWlement the develq:m::r:alt of :IRblesia' s
marine :resooroes PZog:IaJrS. SUCh ~tive projects provide
ean:mical access to data, trainiJ'g, am advarx8i tec::hoology that might
oot be imDptUately available athe.1:wise.

It is reo ....edad that the develq:m::r:alt of the infrastructure
suwortirg marine resources pzograJrS be expanjed by:

o Pravi.ciin1 cwcntunities am suwort for graduate stment
trainiJ'g am operatimal. trainiJ'g abroad, the latter in such
tec::hoological fields as ocean ergineerinj am JlllJli.rx}

o Broadenirg am strergt:henin;J the marine curricula in
Inb1esian mrl.versities beyan the current eqi1asis al biology
to include D¥Jre CXAJrSes al, for exanple, geology, geqilysics,
geoc::jlemistzy, ocean ergineerinj, J:'eSQ1Z'08 evaluatial am
exploitation, am protected lard management

o IIx:reasinj the marine geoscierre carpanent within the present
geology curriculum offered at :IRblesian mrl.versities.

It is recs ""HXB:l that CXlllJlDUcation be expanjed anDl;J the many
mrl.versity departments, research institutes, am gcvenunent aqeooies
havinj marine resources pzograJrS. '!his becxIres increasinjly inportant
as new intellectual. am operatimal. resources becn'ne available within
Inb1esia.

It is :reo ....e dad that marine mineral resources be develcp!d in a
manner sensitive to am oa1Siderate of possible~ to the
environment am social structure of the region.









APPENDIX A

Bac1cgrcA.n'rj Paper 00 Ooeaoogrcqily and the Marine Resan:oes
of IrXIalesia' s Offshore seas

Dirk Frankenbel:q
CllainDan, NRC Panel

Imalesia is an ardrlpel~ state made up of aver 13,000 islams
distrihrt:ed across 5 million of the earth's surface. Territorial
latrl makes up 1.9 million Jmf and is surro.nU:d by aver 3.1 millioo
~ of e::x::san. 'lbe natioo extems for abaIt 2,300 nautical miles
a1~ the equator fran saIth of Malaysia to north of Australia (Figure
1) •

Imalesia's islarrls are situated in a oarplex geologic setti.rq
created by the interaction of six lithosPleric plates: the Em"asian,
5a1th arlna sea, Inlian, Australian, Arl.liR>ine, and Pacific (Hamilton,
1979). '!his regioo is tectarl.cally active and ridl in mineral
resoorces. 'lhe islarrls of eastem IrXIalesia~ to be a product of
the CD10irg collisioo of the Pacific and In:b-Australian plates, ~dl
have formed two cxxlOelItric island arc systems. One bears the islams
of the lesser SUrrla graJp (I.altlak, S\.mt)awa, Flores), as well as wetar,
))mar, Manuk, Bal'xJa, and the lIleStem part of~. 'lbe other arc
bears the islarrls of 5aWU, Rcti, Ti.nr=>r, Babar, '1'al1iJrbar, Kai, and the
eastem part of~. 'lbe oarplex t.ectarl.cs of this area has also
produced seafloor t:qxJgraJily characterized by deep-sea trenciles and
basins north, saIth, and between the two island arcs (Figure 2). 'lhe
western Inblesian seafloor irx::ludes the broad SUrrla Shelf north of
sumatra and Java, ext:endin;J across the SUrrla sea to Kalimantan. 'lhe
SUrrla Shelf is incised by two major systems of sul::meJ:ged river valleys,
inticatirg earlier periods when the sea level was lower than at
present. 'lhe Inlian Ocean shelf is narrow' a1~ sumatra, Java, Bali,
and the lesser SUrrla islarrls, and this narrow' shelf is dlaracteristic
of those that oocur where two t.ectarl.c plates collide. Katili and
Hart:a1o describe the geology of this area in detail in this report.

surface ocean cirallation in the IrXIalesian seas is daninated by
lIOlSCX.Xl wims, ani it :reverses seasooal.ly (Wyrtki., 1961). '!his
m:JllSOCIla1 :reversal is str~ly develqm in the enclosed waters of
the Java, Flores, Bal'xJa, and Arafura seas because their axis lies
parallel to the major wi.ms flowi.n:j to the equatorial low-pressure
trc:u:Jh. In the northem hemi.sIi'lere winter, high pressure aver Asia
created by seasooal. ooolirg OCIIi>ines with relatively low pressure aver
Australia to displace the equatorial low-pressure trc:u:Jh to abaIt

- 105 -



- 106 -

FIGURE 1 Irrlonesia am its territorial waters am Exclusive Eoonanic
Zone.
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FIGURE 2 Marine envirornnents of In::lonesia.
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100s. '!he resultin]' pressure differentials lead to a strcn;J wim
flCM fran the oortheast over the SOlth China sea. 'lhi.s flCM turns to
the east alag the equatorial t.rcujl. '!he resultin]' strcn;J
west-to-east wims over the enclosed waters of In:lalesia produce
west-to-east surface cun:euts that :reach 75 aD/sec (Wyrtki., 1961). In
the oorthem~ this situatial reverses. Beasala1 wannirq
causes air to rise over Asia, creatin]' lCM pressure, while the qp::lSite
oocurs in Australia. '!he reversed pressure differential DDVeS the
equatorial t.rcujl back to the equator am allows the sc:ut:heast trade
wims to blCM 'lminpeded across In:lalesia' s enclosed waters, creatin]'
east~ surface cun:ents with speeds of 40-50 aD/sec (Wyrtki.,
1961) • Ilah\¥3e am Birowo describe in detail in this report how
llO'lSOOn wims affect water 1OOVE!!DeIlt in Irdanesia' s seas.

'!he biology of In:lalesia' s marine waters has been sbxli.ed
extensively because of the inportan"e of fisheries to In:lalesia' s
protein SUWly am eoanny. 'Ihirteen types of fisheries yield JOOre
than 20,000 tala of harvest anmally (Ana1ylln1s, 1979). '!hey include
ardlovies, mackerel, scad, sardines, oil sardines, tuna, trevally,
pcnyfish, cxx::kles, skipjack, ch:um fish, prawns, am catfish. It is
estimated that the anmal. per capita OalSUllptial of marine fish falls
between 8.5 am 10 kg am aocnmts for 30-50 percent of In:lalesians'
intake of dietary protein (SUjustani, 1980). Abalt 4.5 percent (11.7
millial pecple) of In:lalesia's pqul.atial derive their livelihood fran
marine fisheries, althcu]h fishezy products make up less than 2 percent
of total ~rt revenue, 80 percent of which is fran prawns (Polmrln,
1983).

In:lalesian marine biology has fOOJSed al systematic stu:lies of the
diverse biota, fishery statistics am tedmi.cs, am coastal habitat
ecology. Relatively little study of offshore waters am benthos has
been <:x>rducted, althcu]h useful infonnatial is available fran
expeditial reports (Srle1lius, Meteor, Galathea., etc.).

waters off the shores of Irdanesia~ to be biologically
divisible into (1) productive coastal waters in which nutrients
regenerated fran l:xJttan sediments, SUWlied in lam nmoff, or
seasooally upwelled fran bel~ tQe Platic zooe SUWOrt rates of primary
productial of aba.It 100 ge/m /yr'- (grams of cartx:n per square meter
per year), am (2) low-productivity offshore waters with primary
productial rates less than half that high (Wyrtki., 1961; Polmrln,
1983). '!he DD'lSOa'l-driven circulatial of the enclosed In:lalesian
waters creates areas of seasooal upwellin]' al the eastern am western
sides of many islams. 'Ihese upwelliJ'gs involve a dani.n;J of the
disoal'tinuity layer, which rarely, if ever, :readles the surface
(Wyrtki., 1961; internal data, Natiooal. Institute of oceanology,
Jakarta, 1982).

'!he animal ecology of Irdanesian offshore waters is poorly known.
A few OOsezva.tions of benthos suggest that CCITIl'l.Dli.ties al the
continental shelf are less diverse am sl1c:7N nv:>re even species
distribItions than those in shallCM water, am that species
distribItions generally sl1c:7N distird:ive zonatial patterns (Polmrln,
1983). CJJserva.tions of nektal am birds suggest highly patchy
distribItions, althcu]h as a whole the CCI'lIll.U'li.ties are diverse, am
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sane pcp1l.atialS (for exzmple, skipjack at the In:lian ocean side of
sumatra) are locally dense (Polmrln, 1983).

Marine fish have been hazvested in In:blesia I s seas sin::xa lag
before the faJl'Xiirg of the natiat in 1945. Traditiatally, fi.shel:mnen
have used trawlirg, hook ani line, ani traps, ani these methods are
still E!II'ployed today in coastal waters, alt:hcu]h there has been a
steady in:::rease in the nDJi:)er of DDtorized vessels am productiat per
vessel over time. Both trenm irx:reased steeply in the late 19708.

Gavemment policy t.owani marine fishirg has evelved durinJ a
S'JOOeSsiat of five-year devel.oprent plans. '!he first five-year plan
(1969-1973) was aimed at inprcvirg eoaanic am marke'tinJ ocntitioos in
the fisheries sector (zadlman, 1973), am it focused at irx::reasinJ fish
productiat ani inprcvirg fish marke'tinJ. Iooentives were offered to
fishirg i.rxlustzy entrepreneurs, ani by 1975, 14 joint venture
oatpanies, 27 danestic oarpanies, am 5 state fisher:y entel:prises were
operatirg in In:lalesia (cemitini ani Hardjolukito, 1983). Total
invesbllellt in these activities in 1975 was over $100 millial
(Ana1yl'InJs, 1979).

'!he seoc:ni five-year plan (1974-1978) focused at irx::reasirg
fisheries productial, ani it exceeded its 4 percent anmal targets by
1.5 percent per year. '!his period also saw attentiat given to creatinJ
(1) a laPJysical i.nfrastmct:ure thn:u:Jh trainirg, educatial, researd1,
management, ani administratial; (2) a PtYsical i.nfrastmct:ure t:hrcu1h
establishment of fishirg ports, piers, breakwaters, market halls,
dockyards, ani slipways; am (3) productial, pzooessirg, ani marketinJ
facilities sud1 as fishirg boats, gear, cold storage, am credit ani
extensiat services (cemitini am Hardjolukito, 1983).

'!he third five-year plan (1979-1983) was aimed at (1) irx::reasirg
fish productial to meet danesti.c demarrl ani for exports; (2) inprovinJ
the livirg stardards of fi.shennen am fish farmers; (2) providi.n]
E!II'ployment ~rtuni.ties t:hrcu1h diversificatiat am developrent of
suwortinJ irrlustries; am (3) inprcvinJ fishery :resaJrCe conservation
ani management. '!he quantitative target for increased fishery
productial was met in 1980, bIt by 1981 am 1982 a partial trawl ban
had limited hanrest fishery growth. I!x:reased productial fran
aquaculture partially offset the decline am brcught total productial
to within 3 percent of the 1983 target (World Bank, December 1983).

'!he current five-year plan retains the same general goals:
resa.troe sustainability, occupatiatal ~rtuni.ty, ani equality of
iooane. I!x:reased productial remrlns an iJIport:ant ci:>jective to be
achieved thn:u:Jh effective resooroe management ani pzog1atrS to inprove
the iooane ani livinJ stamards of small fi.shennen. '!he 1985 hanrest
of marine fisheries was 1.8 millial metric toos, a threefold increase
sin::xa 1969.

'!he fishirg areas of In:blesia have been subdivided into four
regialS based al types of fishiIg graJl'X3s am the natiatal system of
fishery statistics. 'Ihese regioos are shown in Figure 3, am their
size is SlD'IIlIarized by jurisdictial in Table 1.
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TAmE 1 JUrisdictimal Fi.shin} Regioos ('1bJusard Square Miles)

Regimal Arc:hipel.agic Ext:enjed

JUrisdictial JUrisdictial JUrisdictiala Total

Reclial1
lA (Malaoca strait) 30.1 36.5 66.6
1B (SCAIth China sea) 105.0 66.0 171.0
SUbt:otal. 135.1 102.5 237.6

RecJi.al 2
2A (Java sea) 186.4 30.0 216.4
2B (Makassar strait) 141.5 23.6 165.1
SUbt:otal. 327.9 53.6 381.5

Reclia'l 2
(East :rmcnesia) 539.7 371.5 911.2

Region 4
4A (West of sumatra) 81.4 214.7 296.1
4B (SCAIth of Java) 17.1 112.1 129.2
4C (Bali ani Nusa
~) 106.2 126.7 232.9

SUbt:otal. 204.7 453.5 658.2

1,207.4 981.1 2,188.5

aBased al the calculations of cemitini and Hal:djolukito (1983).

500rces: Prescott (1981). :rmcnesian Department of Mines and Energy,
1984; :rmcnesian Mi.ni.n1 Yearlxx:>k, Ban:h.Jn;J, :rmcnesia, 1983.

canitini and Hardjolukito (1983) have described these regicns in
c:::a'lSiderable detail al pages 32-35 of their l:eport al Ima1esian marine
fisheries. A representative catch rate by species grcup is SlD'IIlIarized
in Table 2 for eadl regial. '!he 30 species groups listed in Table 2
l:epresent ally ale way of suumarizin} data al the DUltispecies fishery
of In:lalesia. Actually, aver 100 separate species make up the fisheries
productial, ani the Food and qiculture Organizatial of the united
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TAmE 2 ~m:A Species~ in Ead1 Regim ani IBvel of
Productim by Regi

Species lA lB 2A 2B 3 4A 4B 4C

Marine catfish 4 1 4 2 1 1 2 1
Palyfish 2 1 7 2 1 2 3 2
Red~ 2 1 5 2 2 2 2 2
Gralper 2 0 2 1 2 2 0 1
Bar'raDIln:li ani

threadfin bream 2 1 3 2 2 3 2 2
Yellowtail fusilier 3 0 3 0 2 1 2 2
croaker am dnnn 6 1 3 2 0 1 1 1
Shark ani ray 2 2 6 1 2 2 2 2
Black ani silver

panfret 3 1 2 2 1 1 2 1
scad 2 0 8 2 6 2 2 3
Yellowstrip trevally 3 0 6 2 6 3 2 2
Jack ani trevally 1 0 1 2 3 2 1 0
Flyir¥} fish 0 0 6 1 2 1 0 1
M.1l.let 2 1 2 2 2 1 1 2
'1breadfin 3 1 2 3 1 1 1 0
ArdrNy 5 1 8 2 6 5 5 5
Fring'escale saniinel.la 5 1 7 2 4 2 2 2
Irxlian oil saniinel.la 4 0 7 1 2 2 3 6
WOlf herrin1s 5 1 3 1 1 1 1 1
Imo-Pacific mackerel 6 2 7 2 3 6 2 2
Spanish mackerel. 5 1 5 2 2 2 2 2
Hairtail 2 1 4 1 1 1 1 1
'l\ma 1 0 0 1 4 2 1 2
Skipjack 2 0 1 1 7 2 2 2
Eastern little tuna 6 2 6 1 5 5 5 4
Tiger prawn 3 0 2 2 2 1 1 0
Banana prawn 6 0 4 2 2 1 2 1
EOOeava1r 3 0 2 1 2 1 2 0
Blood cxx:::kle 8 0 2 1 1 0 0 1
CtmIUl squid 2 0 3 1 1 1 2 2

am tenDs of the quantity ca\¥]ht.
bihe I'I.mbers irrlicate the level of product!m per year:

o - less than 15 ta1s
1 - 15-500 ta1s
2 - 500-2,500 ta1s
3 - 2,500-4,500 ta1s
4 - 4,500-6,500 ta1s
5 - 6,500-8,500 ta1s
6 - 8,500-15,000 ta1s
7 - 15,000-30,000 ta1s
8 - greater than 30,000 ta1s

saJroe: Irdanesian Directorat:EH;enera1 of Fisheries.
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NatialS (1980) has graJped these into four categories: crustaoeans
(primarily shrillp); deaDersal.s (for exzmple, poo.yfish, grooperB, ani
~); small pelagics (for exzmple, mackerels, scads, paofret,
sardines, ani ardlovies); ani lazga pelaqics (for exzmple, tunas).

'!be practical difficulties of 1lIl!lI1agin} ani even collectirg
meaIlirY:jful statistics m DUltispecies t%q)ical fisheries is described
by PUrwito in this zeport. Despite these difficulties, there is
generally tha.1ght to be substantial. unexploited productim in sane
In:la1esian fisheries. '!he Irxk:nesian Directorate-General of Fisheries
has estimated the maxim.Jm sustained yield for pelagic, demersal, ani
s.hrinp resources by provin::le ani has c::x:mpared these estimates with
c:un:ent levels of productim. Table 3 shows this oc:mparisat for 1981.

TAmE 3 Utilizatim of Marine Fisheries RescA.1roes, 1981

Productima (1,000 tals) I.Bvel of Utilizatim

Pela­
gic

Pela­
gic

west sumatra
coast 38.2 18.1 0.33 22.2 10.7 36.9

sart:h Java
coast 30.0 12.4 1.2 18.0 11.0 21.4

Malaoca strait 91.1 34.0 8.8 68.2 43.5 43.9
East sumatra 82.6 43.7 5.8 20.0 6.9 100.0
North Java 233.8 58.7 4.3 64.3 18.2 36.6
Bali-Nusa
~ 64.5 10.6 0.34 24.9 4.9 68.8

soot:hwest
Kalimantan 39.2 20.9 5.9 25.1 8.5 100.0

East Kalimantan 42.9 23.0 5.3 27.8 11.5 100.0
sart:h SUlawesi 161.0 38.5 4.0 100.0 55.9
North SUlawesi 65.3 9.6 0.01 17.7 12.0
Moluccas/Irian
Jaya 62.4 15.6 7.4 4.1 3.3 40.9

'!OrAL 930.9 285.2 43.3 23.5 11.0 62.8

aIncltdes the Exclusive Eocn::mi.c ZOOe.
bEXcl:tdes penaeid shr1np bIt 1rd.tdes coral reef fish.
Conly penaeid shrinp.

8alroe: Ima'lesian Directorate-General of Fisheries, Nove!rber 1984.
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xncwn offshore resources of IXI'lfuel minerals in In:lalesia :i.ool.ude
tin, saRi ani gravel, ~te (Broadus, 1987) ani barite (Mere,
1965). other minerals of pot:ent:.ial significance :i.ool.ude nickel,
cxbal.t, <Xg)er, ani~ fran~ rxxlules ani~, as
well as cx:al., DX>lybderun, gold, silver, lead, meraJrY, titanium,
~, uranium, zirx:, ani ziroaU.um (Dorian et al., 1985). '!he
infODllatiat provided by Katili ani Ifartax) in this report at specific
mineral resources can be usefully c:x:upared with a world .perspective at
seabed mineral ret::JCNerY: see Table 4 (fran Broadus, 1987).

Present Irxb1esian mineral productiat is fran terrestrial sooroes
except for offshore petroleum, tin, ani sane locally recovered sam,
gravel, ani coral robble. Tot:al Irdanesian productiat of major
minerals fran 1979 thn:u.Jh 1983 is Slmmarized in Table 5 ([k)rian et
al., 1985). Dorian et ale (1985) ~lied a revised versiat of the Unit
Regiatal Value (URV) metlxxi (Griffiths, 1978) to MSesS the mineral
resooroe pot:ent:.ial of In:lalesia. '!he methodology involved three major
steps:

1. sel.ectiat of U.s. states havi.n} geology most similar to that
of major In:lalesian provinces

2. Fstimatiat of the area of each provin:::le cxx::upied by specific
rock types

3. Rlltiplicatiat of these areas by the areal productiat value of
33 minerals J:eCCJVered fran simi 1ar rock types in the United
states.

usirg atly terrestrial rocks this effort was able to identify nine
minerals an-rently not proonoed in the provinces identified (Table 6).
six of these nine minerals--cx:al., gold, silver, ~te, zirx:, ani
nickel~lyoccur in offshore areas of Irxb1esia (see paper by
Katili ani Ifartax) • 'lhus, it is likely that In:lalesia's mineral
resources pot:ent:.ial has an offshore as well as alShore manifestatiat.
Definirg priorities for eJCPloratiat of offshore deposits was a major
activity of this workshq).



TABLE 4 Seabed Naterials in \.,Iorld Perspective (MT=Metric Tons)

Xli- Sell- rro·

Seabed World E.,rimatcd hro
World 1-aJ Scahro xafxod jnl"d

rm- mine I\WW
n:vt- share

rt"l'ortN
World

romran!l(ll1
"Rc!I(Jllrce nndlflf't"

Snhed Matnial
n:vt.

nucst of llnmorc hrc~ dc:rlc·
deposits commodity duction rro- price nua·

($ in world ~nlial III ~"tkl intlcxll licll1(10-' dlk"tion ($ rcr ($ in ~JUn:n
rt"~n:c,tmil· I't"!OUrcn (WMT) (vcan) h\. ,'carMT) (10-' MT) MY) mil· n:vt- (IO'MT) ("'I

lion~)
lions) nunt io.\~

(%) (%1

Hydrocarbons# Cnkkoil 7ft8,IU4 2,7"8,913 70 55,21" 195,224 28 >61.429,000 1"1,1'57,000 34 (,5 IRS
~lItUraI gas 246,670 1,296,405 95 23,434 123.158 19 >60,000.000 22",214,000 26 17(, 45

Sand Ind vawl Sandand~1 112,300 7,620.480 3 334 22,1161 I 6lI5,m,ooo Very la~ Small I..unlt
Industrial sand 1111,440 14 2,540 Large Very large Small I.unlt

ShcII Calcium carhonarc 16.667 1,66",667 6 100 10,000 I 90,000,000 Very large Srmll IA'"1t

Sulfur Sulfur 381 54,000 105 40 5.670 <I 27.125" 5,000.000 <I 93 120

Raritt Bam 5,652 31 175 2,OS7" 45.1.600 <I SO

PhoIpIiorih: MaosphlIh: rod 159,000 24 3,1116 7,939,000 129,500.000 6 1'14 12

\tincral r1Xft! Tin 211 201 6,614 1115 1,329 14 2,500 34,500 1 172 lOS
Runic 356 3M 130 13,060 181,440 7 510
llmenirc 4,187 49 205 230,500 907,200 25 217 .....
Tilaninmtt 90 12,2.\6 1.101 40 -"-J
Z.rcunium 709 182 129 29,040 54,432 53 n
Harnium «I 231.483 17 290 544 53 7,452
Yllrium <I 35.020 H

(3,4SO"J 172 430
'Thorium 2 35,850 72 5,168 2,584
Chmrnirc 9,616 42 404 3O,15S·· 32,659,200 <I 3,396 I
(',ul<! I 10,600,000 10,600 <I·· n <I 72 443
Sliva 12 206.M7 2,480 743 62 295
rilltinum «I 9,000.000 1,980 «I·· 99 «I 446 U

Nodules and crusts rillrinumtt 2-3 2-3
Cobalt .12 25,353 811 6,000-24,000 10.8116 55-220 340
Nickd 745 5,026 3.7« 35,000-131,000 129.730 27-101 174 77
Manltancx 23,406 141 3,.100 706,000-2,600.000 10."86,400 6-24 465 17
Copper 7,805 1,475 11,512 29,000-108,000 1,600,000 1-7 205 M

M.ift IUIfidcs Copperllll 5,000-216,000 <1-14
Zinc 6,560 893 5,1'58 11,000-518,000 1,800,000 <1-29 274 47
Lcld 3,350 419 1,404 1,400.000 4111 4fl

'~11wd I'rodllninn r-..c. n"mlfN awn~ ",ift tWmkl mint rmd"crinn lime's tMimlial .nrJltt "...-t ISuhrd rr-nnll(', ItmQ 100. dn'idrd by wnrIcI ttftnun. t~al1nl~ rnrno"a! rroourcn to"," 11M).
d..-icIrd by MJrId onthort K«"'R"n. "",101 ",.."'~ """ou,n" dlvilkd ~ WOfId mInt rr,odokfi"n "'mm (.'11. "a<Ct1 "n ~ ....~ CI!IC b oo~lopinp; «ntW1ft1in. "h~lmCl in m("!"f In"" of nor t"",,~"'nr
··Sr.alwd m_ fnr 1M Unlltd .';rarft nnly; rM numhrr in htactS (.J.4~OI i" Ii... US !IC~ht.t mnoUllt ,I.-I'",i.. mnuining "'mum and r"'JriIll1l. ttTiranltlm ,,",,un.n OIl'(" indlkkd in I'Ufik and .Immllt ,",,,,nt" USc.-r
IIUIftllaw c1irrnty above in mintnJ pbcrn f", p1l1inum. II II~ numhrn dimlly ahtwt '" n"d"In and erom r.... ~'f'P"' .

<Source: Broadus (1987) . Reprinted with the permission of Science.
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TAmE 5 selected Mineral Productia1 of Irxb1esia, 1979-1983 (Mr-
Metric 'l'al)

1979 1980 1981 1982 1983

~leum
580.446 577.015 584.838 488.109 490.483(10 barrels)

IR; (106 m3) 13.821 18.923 19.372 20.165 21.179

~~ft~ 0.998 1.045 1.123 1.111 1.186

coal (106 Ml') 0.278 0.303 0.350 0.480 0.485

e.te
1.051 1.249 1.203 0.700 0.777(10 Ml')

Go1~ (kg) 164.9 247.9 183.1 222.7 259.5

~(Mr) 5,909 4,299 2,587 17,894 8,317

Ni~ ore
1.552 1.537 1.543 1.640 1.270(10 Ml')

~ckel
0.017 0.010 0.019 0.021 0.020(10 Ml')

silvezb (kg) 1,644 2,195 2,000 3,057 1,794

:(~ 0.188 0.186 0.188 0.223 0.205

Tin (Mr) 29,535 32,527 35,391 33,806 26,553

~tDes coal productia1 by private eatpmies, estimated at 162,610
metric tals.

bNe;t :in::l\Xli.rg gold am ailver productia1 by Freeport Irxb1esia.

5alroe: In:la1esian DeparbDent of Mines am Energy, 1984.
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Kalimantan

Tinm'

sumatra

Minerals Qn'l:e1rtlI b
orner Productial '

Petroleum, natural. gas,
coal

Coal, bauxite, silver,
tin, petroleum, natural.
gas

Minerals Predicted to occur
Based al Geologic Analogy

~, coal, 1OO1ybdenum,
gold, silver

Gold,~

Nusa~ _ silver, ~te, lead,
gold, silver

Irian Jaya

Moluccas

SUlawesi

Java

Petroleum, ~, gold,
silver

Petroleum, ferrali.ckel

Nickel/ferrali.ckel

Petroleum, natural. gas,
coal, gold, silver

Gold, ~, silver,
tmr;Jsten, lead

Coal, gold, uranium,
zirx:, silver

Nickel, merc::wy

Nate: irrlicates that minerals likely to exist, based al
geologic analogy, are cun:ently beirg produced.

~ers ally to 33 mineral resooroes assessed by the URV technique.
~ In:la1esian DeparbDent of Mines am Energy, 1984; Prijono

(1984); U.S. a.treau of Mines (1983). :rmonesian M:inirg Yeartxx>k,
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APPmJ)IX B

Kasijan RcJnimohtarto
C1laizman,~ Organizin;J cemnittee

Meni:lers of the organizin;J cxmnittee woold like to welocme ycAl to
the~ oerenD1Y of the WOrkshq;) al the Developrent, Management,
am utilization of In:lalesian Marine RescA1roes, am to thank ycAl for
attenliIx] the oerenD1Y am participatirg in the worksbq>.

'!his workshq> is organized by the In:kr1esian National Research
camcil (mN) am the Ima'lesian Institute of scierr=es. '!he workshop
will oonsist of four calSeCllti.ve plenary sessiCl1S am three parallel
grcup sessioos. '!he plenary sessioos will feature presentatioos by
four In:lalesian participants am two u.s. participants as well as
carments by the u.s. participants al aspects of management,
ooeanograr.hy, fisheries, am mineral:resa.m::es. '!he grcup sessiCl1S
will dj scuss these aspects separately.

1q:proximately 13 u.s. participants am 46 Ima'lesian participants
will meet. '!his represents Ima'lesian participation fran 18 different
research am similar institutioos am 10 universities ani other
educational institutiCl1S in nine cities of Ima'lesia.

All members of the organizirg cxmnittee wish all the participants
gcxxi luck in your cleliberatiCl1S, ani W hcpa ycAl have a pleasant stay
in Jakarta.
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APPtlIDIX C

0pe1'1inJ Remarks

Didin s. sastrapradja
Olairman, ltk>rkshc.p steerin;J o:mnittee

on behalf of the steerin;J cxmnittee, I join the previoos speakers
in welOClllin;J you to the~ oerenD1Y of the Workshq> at the
Devel.opteIlt, Manageme11t, am utilizatiat of Ima'lesian Marine
Resooroes. we are imeed haxn:ed by your preseooe at the~
sessiat am by your participatiat in the disolSSions that will follow.
'Dlerefore, let me avail myself of this OWOrbmity to express JIrf
s~ gratinm am highest cq:pl:'eCiatiat.

since time inmetnorial the In:la1esian seas have been an integral
part of the life of Ima'lesian pecple, particularly these who inhabit
the ooastal regialS. 'Ib cur pecple the seas seNe as media for
transportatiat, produce vast moount of food products, provide hoosin;J
materials, am seNe in many other ways. In the meantime there is a
strcn;J belief that with the presently fast-growiD] world pq:ulatiat the
seas am oceans will be the last :resorts for manki.ni at earth in the
future. In view of all that In:k:r1esia shalld praise the IDrd for
blessin;J cur cn.mtzy with so large an extent of the ridl watmy
territmy. It is cur duty then to manage the :resources wisely for the
benefit of the present as well as the future generations.

For centuries the seas am oceans have been considered a 0 liiiC n
gal:bage disposal into ~dl unlimited human wastes cx:ul.d be dI.Jnped
withalt fear of ignitinj negative inpact:s. '!he t.rememoos moount of
water cxntained in the seas am oceans was believed to be capable of
digesti.n;J--1:hrcuJh natural. processes-any moount of waste materials man
cx:ul.d chDrp into it. Of ooorse, we now realize that sud1 a belief is
oarpletely untanned.

Marine :rescm:oes are ale of Ima'lesia's highly valued assets, bIt
they DIJSt be pZ'q)erly managed am wisely utilized for the benefit of
the greatest majority of the pecple. Attain:i.rq this oojective,
~, is oot a sinple matter. Experience, expertise, tec:::hoology,
am DaleY are am::nj the basic in:Jredients necessary for its suooess.
'llms, it is crucial to keep in mini before we 1llIEd:ll.e with cur seas am
oceans that 'tobatever we do, we have to do it professicnal.ly am with
great care. otherwise we may eni up liviD] in the m:i..ane of a hostile

MerIiJers of the workshq> steerin;J cxmnittee were Didin s. sastrapradja
(Cha1nnan), J. A. Katili, sediooo M. P. Tjcnh:'alegoro, Aprilani
8oegiarto, Hasjam Djalal, R. soeprapto, Benny soepamo, Dirk
Frankenberg, M. Grant Gross, am Rose Bannigan.

- U2-
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ocean of human waste am with a degraded envircnnent.
Takin:J into consideratioo the ratialales stated al:x:Ive, the

initiative taken by the Irxk:nesian Natialal Research ca.nx:il (IEN), in
ooc:p!ratioo with the Ima'lesian Institute of sciences (LIP!) am the
u.s. Natialal Academy of SCienoes, to oawene this wo:rKshq> is
absolutely inport:ant am very timely.

'Ihn:u;Jh sud1 a scientific gatherin:;J, knowledge, expertise,
experiel'O!, am tec:::hoology 00 marine management ani utilizatioo can be
transferred. 'lherefore, it is very cq:pzcpriate for me, at behalf of
Minister Habibie as the C1lairman of the Ima'lesian Natialal Research
ca.nx:il, to a:JCWe':f the ca.nx:il's st.raq ccmnitment to a cx:uprehensive
am CCIlti.nuirg dj 80188ioo of marine :resa.1roeB as a priority tcpic of
the highest order. Fran the very iooeptioo of the IEN-NRC
oollaboratioo, ani the signi.n;J of the agt:eement with Dr. Keyworth, then
the u.s. president's scielX'e advisor, in April 1984, marine sciences
am marine biat:edmology have been p.It high 00 the list of sudl
priorities•

seen frau the overall picture of the :rmonesian national
deve!optellt pxocp:am, the timi.n; of this workshop seems to be very
accurate. Irxb1esia is now preparirg to enter the fifth five-year
developteut proJlam. In anticipatiat of this event, it is only
~iate to expect that deliberations at the management,
developtetlt, ani utilizatioo of marine resooroes in Irxb1esia' s
territory will result in an iDplementable plan of actioo, whidl I hcpa
will also provide broad di.rectialS for future research.

Realizirg that lIIlCh work has yet to be started, I hcpa that
oollaboratioo between the Ima'lesian National Research ca.nx:il ani the
u.S. Natialal Academy of sciences can be exterrled beyorrl 1987. A
sequence of activities in whidl :rmonesian am American researchers
will ooc:p!rate am~ knowledge in a particular field am related
scienoes is what cur developtetlt needs require.

To oarx::lude my remarks, I wish to express my sincere gratitOOe am
~reciatioo to the u.S. Natialal Academy of sciences for joiniD} IEN
am LIP! in spa1SOrirg this workshop. My thanks are also extenied to
all participants Wose hard work have made this scientific exercise
possible. Lastly, I wish yal all successful deliberatialS am an
enjoyable stay here in Jakarta.



1\F'PmOIX P

Remarks

Paul F. WOlfowitz
Arlbassador of the united states to Irxla1esia

'!his is the secxn:i ocx:asial that I have had the opporbmity to
acih"ess senior JMIIters of the Indalesian scientific oarmmity; the
first was alJoost exactly a year w:p. At that time 'Ie disolSsed the
develc:puerIt of infonnatial services. Now 'Ie are ocn::ertratin; al a
user of sucb sezvices, the field of marine :resources.

I am pra.d that 'Ie in the u.s. gcvenDellt have been able to help
develq> the excellent relatialShip between the Natialal Academy of
scieooes an::! the Irxla1esian scieme an::! t.ec:iu'x>logy oarmmity aver the
past 10 years. I am particularly pra.d to be associated with the
CUu.ent project, whid1 I see as the sprin;Jboard for major develqm:::i1ts
in the fUture, not ally in marine :resources bIt in biotedmology an::!
infonnatial seJ:Vices as ~l. Fran all reports I have received, the
project has been successful far beyaxl the anticipatial of those who
designed it. CCD;JratulatialS are certainly in order for Professor
sedialO M. P. Tjamu8;)OrO an::! the staff of the Irxla1esian Natialal
Researdl cnmcil secretariat for their :role in initiatin;, organizin;J,
an::! follow1n;J up al the activities of previoos workshq:lS. Q1 the u.s.
side, I think that oagzatulatialS are due to the Natialal Academy of
SCieooes for a creative an::! sensitive jci> dale in suwort of the
develc:puerIt goals of the gcve.nDellt of Irxla1esia in the field of
sciEn:le an::! t.ec:iu'x>logy.

In this wcrkshq> yal are ocncemed with marine :resources in
Indalesia's offshore seas. 'D1is woold be a subject of major i:aportanoe
to tJrr:I oa.mtry with an ocean baJmary; however, in Indalesia the
i:aportanoe ext:enjs far beyaxl Irxla1esia itself because Irxla1esia
straddles ale of the na;t iJrportant trade rcntes in the world. Its
I::lo.n'mries erd.ose several seas an::! even~ to its envira'ment
have effects far beycni Asia to the Pacific shores of the Americas.
Most of us are used to think:in:J of the Ian::! masses of wr own
countries. It is difficult to realize that the greater part of
Indalesia is water (62 percent). Marine:resources are the biggest
partial of the oa.mtry, yet they have received the least annmt of
sustained attential. Clearly, to use it productively, this resooroe
DIlSt be better umerstood.

As laymen an::! as toorists 'Ie won:ler at the sea, enjoy it, an::! are
often afraid of it. It is an \1J'llcoown. we prcilably~ an::! umerst:am
as little aba.It this "inner spacett as 'Ie do aba.It ttazter space," bIt 'Ie
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take it Dm'8 far granted. As experts in biology, envizamslltal.
sciern!, arxl~, yaI prd:)e the OCIlplexities of this close bIt
stran:;Je enviraDent. Ycu can assess the human resource needs that
Indalesia DUSt develop for her to reap the benefits of this extensive
part of her naticnal area. OYer the years, the united states has
pravided ass.ist:aro! to In:1alesia in the field of marine fisheries arxl
an:rently is~ a fisheries researd1 arxl developuent project,
web will develop a capability for researd1 arxl trai.nin;J. lfc:1Never,
the need is il'IInense arxl an- resooroes small.

Fran the time of the first pelita the govenllnellt of Ima'lesia has
recognized the~ of marine resooroes to the welfare of this
natien. OYer time it has developed In:1alesian experts arxl DDdern
laboratories arxl has taken advantage of qp>rbmities of assi.st:aro!
offered by other owntries. Major advaJx:es have been made. '!hat this
high-level workshq> can be c::xrJVellSd is evi.derat of that. I expect that
this procp:ess will c:altin.1e to develop. It has also been very
enc:nJragirg to see the il'X::reasirg oollaboratien between the goverraent
of Indalesia arxl the bJsiness CX'Jllllmity, because I believe that good
relaticnships between goverraent arxl bJsiness result in better products
faster than woold be the result of either goirg it alene.

Clearly, significant advaJx:es in marine researd1 arxl resource
developuerIt will need the interest arxl suwort of entrepreneurs arxl the
private sector who can Dd:>ilize greater resooroes en a Dm'8 sustainable
basis. '!his is oot ally tzue for the oceans as a resouroe for food,
bIt also for the developuerIt of mineral resooroes, in aatitien to oil
arxl gas. unless private resooroes can be Dd:>ilized to develop
Indalesia's minerals for the benefit of its pcp.tlatioo, neoessazy
growth may be delayed. '!he il'IInense sums needed are beya'd the
resooroes of donor agencies arxl of the goverraent of Indalesia itself.

I am haR'Y to be with yaI today because I believe that this
workshq> can help draw a clearer picture of potential Indalesian marine
resources than 'Ie l'XJW have. It can fClCUS en a set of priorities arxl
give Indalesian decisien makers estimates of resooroes needed to begin
lastirg arxl envircnDentally sanl developuent of the seas.

eD! significant related project is alIeady ume.r active
oc:I1Sideratien, involvirg the participatioo of a TlmDer' of leadirg
In:1alesian arxl u.s. ~-themajor In:1alesian seas
'D1raJ;Jhfl0W' Experiment or INSTEP. As many of yaI are alIeady aware,
INSTEP is designed to examine the dynamics of the exctlan1e of waters
between the Pacific arxl Iniian oceans arxl the effects of that exctlan1e
00 regicnal arxl gldJal weather pattems, incll.Xlinj the infaDD.1S El Nino
~. '!he benefits fran this project coold exten:l oot ally to
Indalesia arxl the united states, bIt also to the internaticnal
CX'Jllllmity at large by helpirg us adlieve a better un:lerstamirg of
world climate interrelatialShips. '!he project coold also help
Indalesia gain a broader un:lerstamirg of ooean currents arxl DDVemeIlts
as these factors affect danestic fish resoorces. Several of the
Indalesian arxl u. s. scientists at this llIOrkshop will be stayirg en to
participate in the INSTEP meetin:Js to be held in Jakarta, June 29-30,
arxl to finalize preparatialS for this extremely inpressive joint
emeavor.
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I urderst.arv:i that the wcrlcshq) we are qerlnj here today is the
last in this series of \lICrkshqJs. I wish again to axgratulate
everyme who has OCIltributed to their success. I hq)e that ways will
be fam to oa1time this relatia1Ship,~ fosters close cxxpraticn
between cur two c:nm.tries.



APPfWIX E

Keymte M:D:ess

&n:U salim
Minister of state for Pcp1latial am the Envir:alDeut

Ql behalf of the Imalesian goverment, the Inb'lesian Natiooal
Researctl cnmcil, am myself, allOlli me to extern a wann weloane to all
of yal, especiallyan- colleagues fran the u.s. Natiooal Amdemy of
SCiero!S, for att:erxii.n:J the worJcshq) al the DevelClp1lBC1t, Manac}e'nE!lrt,
am utilizatial of Imalesian Marine Resources. 'lbe pnpose of this
workshq) is to exdlan1e infonnatial am experience pertinent to
developirg, managirg, am utilizirg Indalesian marine resooroes; to
detennine potential short- aml~ projects that can be developed
for exmnercial pnp::lSCS suct1 as rx:m-oil experts or as i.Dprt
substitutes; am to develop actial p:op:allls to exploit Imalesia' s
marine resooroes.

'lbe role of marine resooroes is of strategic inport:aroe in
Indalesia 's natiooal develqment because of their size, their c:xntents,
am their capabilities. seas 0JVer abo.It 3.1 mi.llial~ or
~te1y 62 peroe1rt of the total Inb'lesian territozy.
Indalesia 's Exclusive Ec::lcn:Ini.c Zale adjs aoother 2.7 millial Jan2 of
valuable oceanic area. Nat less that 13,000 islams are scattered in
this area with abo.It 81,000 Jan of coastline. 'lhese islarm stret:d1
between two Oaltinents-Asia am Australia-am two ooeans-the Pacific
am the Irni.an--makin1 it an ideal place to study JDCI1SOCI1S Wich
detennine the wet am dl:y seasons within a year. 'lhese 1ID'1SOala1
c:harqes affect activities al lam am in the sea, am tln.1s detennine
the behavior of marine organisIlB. 'lbe water mass exdlan1e between the
Pacific am Ir¥:lian oceans thrcuJh the Inb'lesian waters plays an
ilrportant role in un:Jerst:.arKii the glcml. ooean circulatial am the
llleather am climate of the Imo-Pacific regial.

'!his bri.n;r.; me to the rich content of an- marine resooroes. Fish,
shrinp, crostaoeans, 1OO11usks, am seaweeds are a few exanples. In
additial, minerals am hydrocal:ba1 :resooroes can be am have been
taJ;:ped fran the shallC7Ner Inb'lesian waters. For a natial with a
am:ent pcpl1atial of 167 millial people nrJIIirg toward 212 mUlial by
the year 200O-livirg al a limited am.~ lam. area, the
availability of these resooroes are of crucial inport:aroe am may well
affect an- smvival. It is theJ:efore umerstan:Jable lltt1y Indalesia
attaches suct1 great :ilrport.aooe to the sea am all elements related to
it, suct1 as the law of the sea. 'lbe imustrialized natioos may look
upcI'1 the seas as M¥ other :rescm"OC that may eJ'lhaJD! their welfare.
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For developin;J ooontries like Irxblesia W!ch has to cope with high
pcp.1latien pressm:e en limited Ian::! :resooroes, it may beoome necessary
to oc:I1Sider our seas as the Adrl1les heel for our survival. For
developin;J ooontries like Irxblesia there is no new oa1tinent or new
Ian::! area that can abscnb the millicns of peq>le~ are added each
year, as was the case with Em'qJe which gave birth to the new world of
America.

It is this CIUCial role of the sea in our survival that leads us to
attach such great :ilt'port.aooe to all aspects of the seas. Because of
their :ilt'port.aooe, the seas can be the cause of oonflict.between
naticns, b1t also the cause of unity aD:n;J naticns.

As intellectuals 'Ie share a 0'''''''' trait-namely, use of our
intellectual capabilities to se.:r:ve not ally our respective naticns, b1t
the human race as well. arlldin;J our world with fewer h1.JRlzY peq>le
an::! less ineqlVlIl ity will benefit In.mImity. God has created men ecpal.
If there are diffm:ences aD:n;J men of naticns, especially in t:eJ:1IB of
wealth an::! incaDe, then these diffm:ences are caused mainly by
differellces in when develcpuent was beglm. Give these late starters,
the developirg naticns, the CJRX)rtunity to b.rl1d their intellectual
capabilities, an::! those naticns will p.rcY8 that men are created ecpal.

It is with this frame of mi.rD that this workshop may beo liS a
different entity. we can make it not ally a vehicle for intellectual.
exercise an::! an exd1an1e of ideas, which is still useful, b1t also
enhaooe its quality in the di.recti.oo of closin;J the gap of ineqlVlIl ity
am:D1 naticns.

In this oart:ext the sea may ~l seJ:Ve as a strategic unityin;J an::!
integratin;J factor aD:n;J the scientists of the United states an::!
Imalesia. we need to explore the full capabilities of the sea that
might unite our experts. Arxi it is here that I see the varioos avermes
that are oa'lCea1ed in the capabilities of the sea, which 'Ie need to
explore together to st:rEn]t:hen our ~tien.

'!he sea provides us with the CMXtt1:lmity to ~te in t.rainirg
an::! research in~, deep-sea fishi.J'q, OCI'lSeZVatioo of coral reefs,
developuent of our ooastal. zene, mitigatien of sea- an::! lan::!-based
pollutien, an::! develcpuent of tec:tmology for sustainable fishiJ'g. All
these refer to the capabilities of marine :resooroes that can an::! need
to be developed.

It is in these fields that the transfer of skill an::! know-how
becnlles necessary to make full use of our marine resources. Use of
these resources needs to be based en the cxnoept of
sustainability-that is, to ensure that it meets the needs of the
present wit.l'la.1t cutpLanisirg the ability of future generaticns to meet
their own needs.

'lhis cxnoept inplies that the tec:tmologies meded satisfy the
followin;J cx:n:li.ticns. First, they sha.ll.d not hanD the functioo of
these resources. Marine:resooroes may be exploited b1t within the
oa1Straints of not jecpardizin;J their role as a life-suwortin;J
system. we ll'IJSt treat marine :resooroes as "capital, II usin;J the
benefits of its interest wit.l'la.1t cx:.nsumiJ'g it. seoc:ro, they sha.ll.d not
pollute the biCJSIilere am reduce manki.rxi I s quality of life. 'lhird,
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they sha1l.d suwort a system in Wich the poor are enhar¥:led in their
effort to C'btain a tmmane quality of life.

To achieve these OOjectives it is inportant that ways an::! means be
identified for trai.nirr:J, instituticn b.li.l.diIq, an::! law maJd.n:;J, as well
as varioos other instituticnal.~, so that lag-tenn,
oa'1tir&D.1s developuent can take place. If this workshq> is PIt in this
cxntext, it baa 111M clear that this meeti.nI today may well be a small
step toward maJd.n:;J the sea a unifyirg factor, not ally between the
intellectuals an::! experts of the united states an::! Irdcnesia, bIt
between our two natioos as well.

It is with this spirit that I heartedly weloaDe all of yal am pray
to God the Almighty that He may give us the strergth, friemship,
ume.rst:arrllrg, am OClq)eraticn that we hqle will be established between
united states am Indalesia t:hrcu]h the unityiDj sea.
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Registraticn

0peJ'lin;

Report by the Organizin:1 o:mni.ttee
Dr. Kasijan paniJJrJhtarto

Remarks by the U. S. NRC Panel
Dr. Dirk Frankenberq

Remarks by the steerin:1 o:mni.ttee
Prof. Dr. Didin s. sastrapradja

1dD:ess by the U.s. AIrblssador
Dr. Paul F. WOlfcwitz

Keymte 1dD:ess am 0peJ'lin; of the WorKshcp
by the Minister of state for Pcp.1laticn
am the Envil:alDelIt
Prof. Dr. &ni.l. salim

Coffee

Plerw:y sessicn

Olairman: Prof. Dr. Didin S. sastrapradja
~: Dr. M. Kasim Mxlsa

'!he law of the sea OX1Venticn am Imalesian
Respa1ses
Dr. Hasyim Ojalal am Dr. Boer Mauna

u.S. Mi!m2!IlgeIlE!lIt of Marine am coastal
Resooroes
Dr. Jack Ardler
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ocean SCieral as a Basis for the Develc:puent,
MaM1c'}eIiBlt, am utilizatioo of Marine

.ReSaJrOeS
Dr. Dhic Frankenberq

Plenary sessioo (ocntin.Jed)

Olainnan: Dr. Dm Frankenberq
Ra}::port:eur: Dr. otto~

oceanograprlc Features
of the Irxla1esian waters
Dr. Abdul Gani IlaluxJe
SUyatno Bi.rawo

o ''''EiIts by u.s. Participants
Dr. A1:nold L. Gorda1 am Dr. IQ.aus Wyrtki

Plenary sessial

0lainDan: Dr. Kasijan Rani.nd1tarto
Ra}::port:eur: Ir. Gads sedana Merta

Irxla1esian Develc:puent am Manaqement
of FisheJ:y ResaJroes
Dr. Pu1:wito Martosub:rot:o

o ""EiIts by u.s. Participants
Dr. Brian Rc'thsdli1d, Dr. Earl Conrad,
am Dr. rmrid M. Oleckl.ey, Jr.

Plenary sessial (oaltinued)

01ai.nDan: Dr. Grant Gross
Ra}::port:eur: Dr. Nafrizal SiJo.mbarq

III. MINERAL REroJRCES

Imalesian Offshore Mineral Deposits
Dr. H. M. S. Hartalo



COffee

'Ibursday. JUne 25

COffee

fridaY. J'une 26

COffee
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o IIII!AI rts by u.s. Participants
Dr. !b1ty H2IIIpta1, Dr. GaIy Hill,
am Dr. Jdm P8dan

Directives to Olainnan an::!~
of~Groups

Prof. Dr. Didin s. sastrapradja

~ Group sessioos

Plerm:y sessicn:
Report of~ Groups with Special Reference
to Management Prcblems

Olainnan: Ir. Henk Uktolseja
co-dlallman: Dr. Dirk Frankenberg
~: Dr.otto~

D!solSSicn of Rsoc l"ledatioos an::! Ccn::1usioos

Olainnan: Dr. SUyatno Bi.rowo
co-dlallman: Dr. Dirk Frankenberg

CD1tin.Jaticn of DisolSSicn

SUnInary of Ccn::1usioos an::! Rece 1IIIermtioos
Dr. SUyatno Bi.rowo an::! Dr. Dirk Frankenberg

Closirg Remarks
Prof. Dr. Didin s. sastrapradja
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workshq> Participants

steerim Cclmdttee

Prof. Dr. oidin s. sastrapradja, Vioe-<hail:man, Imalesian Institute of
SCie.ra!S, am Assistant (II) Minister of state for Research am
Tedux>logy (Cllainoan)

Prof. Dr. J. A. Katili, oirector-Gerw.ra of Geology an::! Mirm'al
ResaJroes, Ministty of Mines an::! Energy (Vioe-<hail:man)

Prof. Dr. 8ediooo M. P. Tjcnh:aM:lgOm, 8ecI'et:a%y, Indalesian Natimal
Research COUncil (~), am Assistant (V) Minister of state for
Research an::! Technology (8ecI'et:a%y)

Dr. Aprilani soegiarto, Dep1ty for Natural SCiences, Irdcnesian
Institute of SCiences (LIPI)

Dr. Hasj im Ojalal, Head, kJer'CY for Research an::! Developuellt,
Department of Foreign Affairs

Dr. R. Soeprapto, oirector-General of Fisheries, Department of
Agriculture

Drs. Benny Soepamo, Head, SUrvey am Maw:in::1, center of the AJ:med
Fon::les

Qrganizim camdttee

Dr. Kasijan Rani.n¥:iltarto, Head, center for oceanologica1 Research
an::! Develc:puent, LIP! (Olairman)

Dr. ArI.gerah Naltj i, Imalesian Associaticn of oceanologists, LIP!
(Vioe-<hail:man)

Dr. Kasim Mxlsa, center for oceanologica1 Reseerd1 an::! Developuellt,
LIPI (secretary)

Ms. Titi Mazpa\ID1, LIP!
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Ms. Rabla WUlan KaraJ'q, mN

Dr. Aznam Azis, center for OC8amlogical Researdl am Develc:puent, LIP!

Mr. Tat:an:;J Bardjah, secretariat, Ministty of state for Research am
Tedmology

u.s. Participants

Dr. Dirk Frankenberq, Director, Marine SCiences Progzam, university of
North carolina at Olapel Hill (Olairman, NRC Panel) .

Dr. Jack Ardler, senior Fellow, WOods Hole OOoanograJ;trl.c Instituticn

Dr. D!lVid M. Qleckley, Jr., Assistant Professor, Department of Marine,
Earth am Am lSfheric SCiences, North carolina state University

Dr. Farl Q:>nrad, Olairman of the Board, Port Clyde Fc:xJds Inc.

Dr. Amold L. Gorda1,~, I.a1lalt-Dcherty Geological
a:set.vatmy, COI\.1lli)!a university

Dr. M. Grant Gross, Director, Divisicn of ocean SCiences, Naticnal.
SCiera! FaJrdaticn

Dr. Gary W. Hill, arlef, Office of Energy am Marine Geology, U.s.
Geological SUrvey

Dr. John Padan, Progzam Director, Deep 5eabed Mi.nin;J, Naticnal. oceanic
amA~ic Administraticn (R::M)

Dr. Brian Rothschild, Professor, university of Mazylam center for
EnviJ::amental & Estuarine stmies, Cbesapeake Biological Iaboratory

Dr. Klaus Wyrt:ki., Professor, Department of Qc:leanograply, university of
Hawaii

Mrs. Rose Barmigan, senior Program Officer, flSl'll)

Resgm;;e Persons

Dr. MJnty Halrptal, arlof of the Brandl of Pacific Marine Geology,
U.s. Geological SUrvey (USGS)

Dr. John C. Hathaway, uscp'-IQ(, Bard.Jn}

Dr. WOlfgarv;J SCherer, arlef, Technical Awlicaticns GraJp, Office of
Qc:leanograply am Marine Assessment, R::M
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