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-rn 
The Udrman of the Ioc Regional carmnittee for the western pacific 

(WESITPAC), Dr. John Wzrrt, as Chaixman of the Symposium, welccgned the 
participants to Tbwnsville and to the Sheraton E5makwater Hotel where the 
Symposium was held. He explained that the Symposium had been sponsored by 
the Ioc and organized, on its behalf, by the Australian Department of 
Science. Nevertheless, the Symposium cxxiLd nut have been convened at this 
particular time and place without the generous assistance , in money and/or 
kird, of a large rnnnber of institutions and ccanmercial companies. These 
were, in the city of Tbmsville: 

Australian Institute of Marine science 
Great Barrier Reef Marine park Authority 
James Cook University of North Queensland 
Sir George Fisher Centre for Tropical Marine Sciem=e 
Tamsville City council 
Department of LDcal Governmnt and Administrative 
services 

ard from elsewhere: 

united States National Science Foundation, Washington, D.C. 
F'rench Mhktry of National -cation, Paris 
United States Agenq for Inwtional Development (AID) 
Unesco (RX?EXA), Jakarta 
(aANIIAs, - 
msE!IT, canbema 
Euttemo&hs, London 

Momer, a considerable nunber of institutions presented colorful 
and attxactive displays of their research effort, which complemented the 
themes taken up by the symposium. 

m. m t  also acImmle@ed the invaluable contribution of the 
Keynote speakers, the Tapic cornrenorS and the Discussion Ieaders in guiding 
the symposium. 

In many diverse ways, the aforementioned institutions, cognpanjpc 
and inlividuals greatly assisted the oqmizing ccgmnittee in arranging the 
scientific and social pmgmmnes for the Symposium, the social activities 
often allowing unique cpportunities for ripenins the fruit of the mre 
formal debate and discuss ion of the scientific activities. 

The Symposium was opened by Dr. W.J. M G .  Tkgart, Secretary of the 
tkpartmnt of science, of the Australian Govemmmt. (His address is given 
belm). . 

The main Keynote Speaker was Professor Roger Revelle, of the 
ScripPS Institution of -my, whose intmductory address is 
summarized helm. 
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% symposium cavered four main th- which were so programmed as 
to give as mch chance as possible for interdisciplinary participation: each 
themewasintrodu cedbyaKeymtespaker: 

(i) 

(ii) 

(iii) 

Evolution of the Arc Ccanplex: 

InaOneSia. 

Geology and Speciation - Dr. John 
Katili, D*r General, Geology axd Mineral -, J-, , 

Ocean Variability ard the Links with Clhte - Dr. J. Stuart- 
Godfrey, Division of Ocamgrafiy, csm, Hnbart, mtralia. 
~nterannual~ variability in m i n e  cammm 'ties - Jk. Alan R. 
liqhurst, Bedford Institute of oceanography, Dxtmmth, N.S., 
Canada. 

)Iunran Influences on the Marine Environment - Dr. Ed -2, mine 
Science Institute, university of the Fhilippines, Manila, 
Fhilippines. 

The Tapic convenOrs and Discussion balers are listed at the 
k@nning of each themtic section which contains the abstracts of the 
papers or poster sessions presented within the theme. 

?he discussion of the papers was far too rich to ke. recorded in 
minutes, so each of the four lceynate speakers summarized the =in o u w  
of the debates in each theme: their summaries appear at the end prior to the 
section on the Closure of the synposium. 
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. .  

Ihe Semekuy of the Deparbnent of Scieme, Dr. W.J. Mc G. Tegart, 
made the 0penh-q Address of the Symposium: 

Mr Chairman, Ladies and Gentlemen, 

A little over 3 years ago, I had the pleasure of leading the 
Australian delegation to the third plenary session of the 
WESTPAC Program Group coincidentally also held here in 
Townsville. At that session, Australia took over the 
Chairmanship. 
the WESTPAC Group has developed the infrastructure and 
credibility to be in a position to convene a Symposium such as 
this and to attract such broad support. 
23 countries are represented by more than 200 participants and 
I welcome you all to Townsville and, in the case of our, 
overseas visitors, to Australia.. 

. 

Under the enthusiastic leadership of Dr Bunk, 

I believe that some 

The number of-participants, the quality of the papers to be 
presented, and the calibre of the Symposium keynote speakers 
and discussion leaders augur well for a stimulating week. 
Combined, they also demonstrate two things very clearly. 

Firstly, that there is enormous international interest in the 
marine resources and processes of this Indo-Pacific region and 
their effective utilization and management based on sound 
scientific knowledge and, secondly, that WESTPAC might 
appropriately act as a focal point and catalyst for such 
discussions. 

The Australian Government has demonstrated its committment to 
WESTPAC by providing support to Dr Bunt, during his period as 
Chairman, through my Department. This support has been 
extended to assist in the convening of this symposium and 
complements direct financial assistance provided by a number of 
other member states and international bodies. The on-going 
effectiveness of the WESTPAC Group will be both determined and 
measured by the input of its member states. 

From the Australian Government's viewpoint, WESTPAC is at the 
crossroads of its development. A strong base, broadly 
representative of the region, has been established and a solid 
information exchange mechanism built. This Symposium now 
provides the springboard for the Group to demonstrate its 
ability to fulfil a coordination role in the region, and to 
attract the necessary support required to generate relevant 
regional research programs which require collaborative effort. 
I trust that my Department's support over the past 3 years will 
be vindicated. 

Undoubtedly, the marine environment of the Indo-Pacific has 
played and will increasingly play a major role in the 
socio-economic development of south-east Asia, the 
south-westem Pacific and Australasia. Utilization of the 
fisheries and sea-bed resources of the ocean, increasing 
maritime traffic and the growing awareness of the impact of the 
ocean on our climate guarantees that the marine environment 
will continue to be a focal point for both scientific study and 
political debate. 
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The Australian Government fully recognises the importance of 
the marine environment to its economic development and, despite 
financial restrictions in the public sector, has maintained the 
continuing development of a strong marine research base in this 
country. 

Data on R&D expenditure indicate 
commonwealth operational funding for marine research from some 
$A13 million in 1978/79 to about $A50 million in 1985/86. 
These figures do not take account of State Government, 
university, and privately sponsored research which add 
considerably to the total expenditure. 

During this period, there has also been substantial capital 
expenditure on the relocation of CSIRO Divisions of Fisheries 
Research and of Oceanography to new buildings in Hobart, and 
the construction of a new oceanographic vessel to be operated 
as a National Facility by CSIRO. Further, the Bureau of 
Mineral Resources, Geology and Geophysics has chartered a 
specialised vessel for an extensive seismic program in the seas 
around Australia. 

It is most appropriate, from an Australian perspective, that 
this Symposium be held.here in Townsville. Townsville is the 
centre of this country's tropical marine science effort and 
could lay claim to being a regional centre of excellence. As 
many of y0.1 will be aware, the Australian Institute of Marine 
Science, whose facilities and hospitality you will experience 
first hand later this week, the James Cook University of 
North Queensland and the Sir George Fisher Centre for Tropical 
Marine Studies which is associated with the University are all 
located in Townsville. Similarly, the Great Barrier Reef 
Marine Park Authority and the Queensland National Parks and 
Wildlife Service which provide the expertise required for the 
management of that magnificent resource, the Great Barrier 
Reef, are based here. Consensus may not always be reached over 
dinner tables in Townsville but the quality of debate is always 
high! 

a steady climb in direct 

A great many other agencies play an important role in the 
research, development and management of Australia's marine 
resources. I am pleased to see that a number of these bodies 
has taken the opportunity to illustrate their activities by way 
of the extensive poster displays which have been mounted in 
this and the other conference rooms. The displays provide both 
a colourful and informative backdrop to the week's 
presentations and discussions. 

Your discussion program is as varied and interesting as the 
displays, and provides a wonderful opportunity for close 
interaction between scientists, administrators and the 
generalist who has an interest in the ocean its resources and 
processes. The social program is equally 
encourage interaction and discussion in a 
atmosphere. 

as varied, and will 
less formal 
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Of particular appeal to a non-marine person, such as myself, is 
the opportunity to move between and across sessions and 
subjects. To listen to presentations in, for example, one of 
the oceanographic sessions and then to relate some of the 
hypotheses there to discussions of mangrove and seagrass 
systems should ensure that a high level of interest will be 
maintained. 

I trust that all of you will take the opportunity to sit in on 
discussions outside of your immediate field of expertise, for 
one of the primary objectives of this symposium is to encourage 
a multidisciplinary approach to the marine research and 
management questions confronting the region. Similarly, the 
Symposium seeks to promote a closer liaison between the men or 
women at the bench, or perhaps, at the beach, and their 
counterparts among the decision-makers. 

Pressures on the marine environment, particularly human-induced 
pressures must be investigated, evaluated and monitored in 
order that national utilisation and management regimes can be 
implemented before one's paramount concern becomes remedy 
rather than maintenance. These pressures on a fragile 
environment come in a number of forms. Tourism, fishing 
effort, waste dumping and the like all create a potential 
environment in which the hackneyed old phrase !@the straw that 
broke the camel's back" can have real relevance. 

The prawn fisherman, the tourist operator, the oil rig builder, 
and the Reef Authority are dependent to a very large extent 
upon the evaluated results of research undertaken by scientists 
such as yourselves over both the short and long term. The. 
scientist must therefore be-responsive to the needs of that 
client community and should be encouraged to actively pursue 
and answer those questions requiring resolution before 
effective management can be undertaken. 

I believe that public acceptance of expenditure on marine S&T 
will be much easier to obtain if that research has demonstrable 
application in management of the environment and of its 
exploitable resources. 

The traffic is not however entirely one way. No research 
agency or individual scientist can be expected to ignore the 
llpurell aspects of their work for the llappliedt!, merely to 
satisfy or remedy an immediate situation. Crisis management is 
both inefficient and invariably ineffective. Equally, 
development decisions taken without full consideration of 
sufficient data are doomed to failure. In short, the end users 
of research must enunciate their long-term objectives, and must 
design and implement relevant research programs in close 
consultation with the groups who will be expected to provide 
the base data for decision making. A cooperative approach to 
problem solving will hopefully lead to cost-effective research 
and management strategies. 
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These observations, whilst obviously stated in a simplistic 
manner, are designed to encourage collaboration and cooperation 
and are equally as valid in a regional context as in discussion 
of researcher/utiliser relationship. 
knows no boundaries and scientificrcollaboration provides a 
useful mechanism to overcome perceived political difficulties 
as well as ensuring that unnecessary duplication of effort is 
avoided or, at least,reduced. It is a rare situation indeed, 
particularly when discussing marine questions, where a problem 
is totally a local one, or does not have relevance in another 
geographic situation. Tides, tunas and typhoons are not 
restricted to any particular locale and, to understand fully I 

the processes which govern their behaviour, it is essential 
that information and hypotheses be available and freely 
discussed by all who study the phenomena. 

I would therefore encourage all- of you to actively explore 
opportunities for the establishment of collaborative research 
programs in the region which may complement or extend your own 
domestic programs and which could appropriately be encouraged 
through the IOC and WESTPAC. 

Mr Chairman, you and your Committee are to be congratulated on 
the design of an interesting and, more importantly, relevant 
Symposium. You have assembled an impressive array of experts 
whose contributions will undoubtedly stimulate discussion and 
raise more questions. This process will contribute to further 
R&D in the region's marine science sector. 

In conclusion I wish you every success in this venture and for 
the continued development of the Program Group and I am looking 
forward to participating in your discussions 

The marine environment 

~ - 
days. 
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over the next two 
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~ The@. ofthe-oce Cbmnission, 
professor Inocencio Ronquillo, of the Philippines, then addressed the 
participants: 

Ladies and Gentlemen, 

It is for me a great pleasure to be here at this Symposium, for at 

First, as Chairman of the Intergovenrmental oceanographic 
carmnission, 1 can tell you that the ccaranission attaches great importance to 
pramoting co-opemtion and intellectual exchange amongst marine scientists 
even if, as an inteqovernmental bofiy, it is rnandated to work through the 
com=erted efforts of its Menber States. 

Although these concerted efforts are usually made through CO- 
operation between Goverments, they require co-operation m q s t  scientists 
and scientific institutions, at the national, at the regional and at the 
global level, since oceanography is, perhaps above all other subjects, 
multidisciplinary. 

Today, at the opening of this symposium, we see the two components - goverments and scientists - working wether to promote marine science in 
the westem Pacific, for the principal supporter of this symposium 7 is the 
Australian Department of Science, and I wish to convey to you, Dr. Tegart, 
as the secretary of the Department, the warm thanks of the canmission - its 
 ember states, its officers and its secretary, Dr. Mario Ruivo, represented 
here by the Senior Assistant Secretary, Mr. Ray Griffiths - for the 
generosity of your country's guvemmmt, through your Department and through 
other institutions (which I shall mention in a mament); I should also like 
to thank your government, through you, sir, for its supprt of the work of 
the Ioc Regional m t t e e  for the westem Pacific, as manifested in the 
hosting of this symposium, -and in marry other Ways. 

least three reasons: 

Hmever, the principal supporter also has supporters, to the great 
advantage of the W s s i o n  and the symposium. And therefore, I wish also 
to thank the Australian Institute of W i n e  Science, for its noble a h  in 
helping to convene this slmposium. When I mention AIFE I must at o n e  thank 
John.Wmt, its former Director and the Chief Organizer of the Symposium. 
Dr. Bunt is also the Chairman of the IOC Regional m t t e e  for the Western 
Pacific. 

Then, I wish to thank the James Cook University for its 
significant contribution and its hospitality in housing many of the 
participants. 

The Great I3arrh.r Reef Marine Park Authority has also m d e  notable 
contributions, for which we are grateful. 

Several IOC Memkr States have contributed to ensuring the basis 
for success. The Governments of FYance and the USA have made financial 
contributions to facilitate the attenhce of scientists from developing 
countries, and a number of other governments and governrental .institutions 
of IOC Maker States have assisted scientists f m  their won countries and 
sametimes f m  other, developing, countries to at-. Unesco, through its 
Regional office of Science and Technology for South-East Asia, has also 
assisted some scientists to attend. 

~" 

I 
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?his is what we may understand by the %oncerted effort" the IOC 
Statutes require the Member states to make in order to "learn mre abut the 
ocean and its rescmwd'. 

The second reason for my pleasure in being here, is that so many 
of the meetings I must at- as chairman of the IOC d in other official 
capabilities are of the intergovexmental or policy-makhg kind, and, 
important thaugh they m y  be, they are nat prely scientific, so I hope to 
enjoy learning mre about our ocean and its resources through the concxrtd 
action of the many renamed scientists present here. 

I wish therefore to thank those of you who have m y  agreed to 
play special roles as Keynote spdcers and W i c  ~~nvenors, and those of you 
who will read papers, or who will give poster displays or who have simply 
suhitted ppers, or who have just CCE to exchange intelligence. 

m e  Indo-Pacific ~ ~ n v q e n c e  is a key OceanOQraphic phenmenon our 
hcwlpdqe of which de- largely our capacity to predict the effects of 
the processes that characterize the phemwnon. But it is not simply a 
converym of sea water; it is a conveqene of tectonic plates ard the 
associated geological processes; it is a convergence of a-eric features 
as the southern and perhaps other cscillations of the air-pressure field fix 
their positions relative to these b o  great cceans - the Pacific and the 
Mian; it is a biological conveqence associated, in evolutionary tenns, 
with major tectonic plates, but living organisms die hard arii the sea is 
perhaps as often a barrier as a carrier; and it is a cultural convergence, 
historically dictated by the ocean currents. 

It is therefore appmpriate, ladies and gentlemen, that we 
converge here to learn fmm each other about the guiding forces in our 
scientific lives. This convergence has been greatly helped by the 
unstinting efforts of Mr. Bob Harris, of the Department of Science, who is 
also the Australian Liaison Officer for WESTPAC, aril I wish to thank him and 
the other Departmental staff too. 

My third reason is that I have again the pleasure of caning to 
w i n e  and seeing one of the great natural wonders of the world - the 
Great Barrier Reef. Not for the first the, the Ioc is receiving the 
hospitality of the Mayor and Council and Citizens of Tuwnsville, since the 
Third Session of the IOC Regional Camnittee was held here in 1983. I 
understand that we shall have an opportunity to thank the Mayor for his 
lbmfs hospitality later this week. 

And lastly, it is my pleasure to be here because symposia such as 
this one have proven to be an important mecham 'sm for determining the 
possible new thrusts of the ICC regional subsidiary bodies' actions, for 
focussing the present thrusts, and for enhancing co-opration beween 
scientists and Countries in the search for -lege by which we may hope to 
spur our sccio-econOrnic development, peace and prosperity in all its forms. 

OII behalf of the Intergovernmental oceanographic Cmnission, I 
wish you every success in your intellectual exchaqe and invite you to M e  
practical reccxnmendations to the Cmm.ission on the development of 
international co-operative marine science and its related technology in this 
exciting ocean region. Thank you very much for your kind attention. 



Pmfessor R0Fp.r €&velle then delivered the main Keynote speech to 
the symposium. (Since no formal text was submitt&, the speech is summarized 
here f m  notes.) 

The ocean is already a soure of extractable living and non-living 
resources and provides a d u m  for shipping, Communication and national 

met by the land. There will therefore be gmwing demands on .the ocean as 
terrestrial sourcs are depleted. ?he ocean also rtcderates the climate, 
receives the damestic, agricultural and -trial wastes, and provides a 
source of recreation. Too little is knmn, h m e r ,  about the processes that 
would allow accurate prediction of the consequences of alternative uses or 
maMgement measures. Without adequate knowledge, rescwrc;.es may be wasted, 
used inefficiently or hdvertently destrwyed; inVeStment in the acquisition 
of essential knmledge can therefore return large dividends. 

defence. Hawever, needs for food, mineral s and energy cannot nm7 be fully 

The present symposium covers four main fields of marine sciaitific 
endeavour, with especial taphasis on the. Indo-Pacific region. 

In the field of geology an3 geqhysics, it is only recently that 
the distribution of metalliferous sediments close to the mid-ocean ridges 
has confirmed that ocean-floor spreading is accOmpanied by the creation of 
hydrothermal vents where the hot discharging waters m y  contain high 
concentrations of copper, potassium, calcium, barium, manganese, iron and 
zinc. m l e r  vents are characterized by extensive communities of organisms 
including clams, mssels, crabs and forests of giant tube worn. 

passive contiriental margins are often among the most poorly 
understood areas of the cceanic crust, mainly because m y  of them were 
formed by breakup a long time ago, so that the structures that were 
initially creited and much of their subsequent history often lie buried 
under a thick layer of sediments. The study of passive maqins is very 
important for urdertstanding the mecham 'SIIIS operating when continents 
separated to fonn new oceans, and for the exploration of hy-m. 

Active margins are important sites of present4ay tectonic and 
volcanic activity and there is general agreement about the basic processes 
at work in them. They are zones of convergence where the d c  plate is 
sukiucted under the continental plate. The deep-sea m, the volcanic 
arc, etc. are all manifestations of the subduction process, and the Indo- 
pacific region is particularly interesting in this respect. Nevertheless, 
fundamental questions remain abut the structure and the nature. of tectonic 
and volcanic processes at active margins. perhaps, as the oceanic plate is 
subltucted, the sediments are scraped off and imbricated on the averriding 
plate in the space between the volcanic arc and the trench. W h t s  would 
thus be accreted at the active margin. Hmever, the results of deep- 

accretion may be very small or even entirely absent. The daminant process at 
several active margins appears to be crustal erosion rather than crustal 
accretion. 

drilling in many active margins shm that, in fact, the zone of sedimentary 

- .  

A correct choice of &dcal species as markers of past and 
present biotic processes is fundamentdL to an understarding of the flux of 
matter to the bottam sedhts.  any products of primary synthesis (for 
example, steroids, hydmcarbons and carotenoids) retain their identity in 
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partiailate matter for a long t h e  in the deep ocean and may be found in 
fossil remab of the deep sediments. The direction of modification of these 
chemical fossils pmides clues to the early palae3dmnical e n v h m t .  
The sediment-water interface can also introduce a chain of chemical and 
biotic reactions which d f y  particulate matter drastically before the 
material enters the bulk geochemical cycles. 

The stratigramc record of marine SediXLentation on the 
c0nt-m dong their margins reflects the response of relatively 
ShdLlm depitioxxd mine envirorrmentS to global (eustatic) sea-level 
changes. The mgnitude of --level changes ranges fm a few tens to a few 
hundred metres, h t  pmbably not llylre. Rates and patterns of sea-floor 
spreading have been invokd to explain long-term sea-level changes due to 
volurre changes of the ocean basins, w h m  the short-term, ard scaoetimes 
very rapid, sea-level changes have been attributed to climatic factors which 
 an d t  in volume changes of the world ocean (Le., isolation and 
desiccation of marine bash) as well as t0 changes in the m t  of water 
accumulated in the world ocean (i.e., through the amumlation of laxye ice 
sheets on the continents during glacial ages). It seems clear f m  the 
sediment distributions’ in shallow marine depositional enviro;rrments and from 
the seismic stratigraphies of continental q i n s  that the inferred sea- 
level changes were global phenmena, but the causes for the changes are not 
well established. 

The high-eneryy environment is that in which waves and curents can 
influence gecxnorphology. Most high-energy envhmts cccur nearshore and 
on the inner parts of continental shelves. m l e s  are beaches, tidal 
inlets and tidal channels, suharine deltas, barrier islands, s u h a r h  
bottom forms and river lTlcplths. Generally, these cambine into assemblies such 
as estuaries, barrier island chains and parardllel fllbmarine shallows. 
Ekequently, sand dunes fom an essential part of the sedimentary structure, 
so that wind transport is an additional luovir~~ agency. The central problem 
of the high-energy environment resides in the intmplay between mrphology 
and hydraulic forces. On the shelf, irregular bot- topography causes tidal 
residuals, but tidal residuals also cause irregular topography. The 
interaction is difficult to characterize in any quantitative sense. The same 
holds, in shallower water, for incoming waves and sand banks. Anothes 
problem is the evolution of high-eneqy e n v h m t s  mast of which are, 
gal@cally speaking, very young. ?his is one reason why they often show 
rapid morpho~ogical changes, but such changes also seem to be a fundamental 
characteristic. The determination of the geographical boundaries of specific 
high-energy environments and the gains and losses through such bourdariw is 
problematical; same environments are clearly open-ended as, for example, 
beaches, which are fed by coastal erosion on one side a d  lose sand by 
offshore tzarsport on the other. In other*,envh-ts, such as tidal 
lagoons, with their inlets and barrier islands, sediments move in a mre or 
less closed system. 

There is also a continuing interest in sandy bedforms and the 
-taxy sequences in them. Theories of sediment transport ard stability 
have recently been devised for sand waves and tidal sandbanks and ribbons. 
Because of their aggregated structure in transport and their cohesive nature 
men deposited, muds are less well understood. 

In’the field of ocean variability and W links with clhate, the 
coupling between the oceans and the abnosphere is particularly strong in the 
tropical regions. There is good evidence that laqe climatic fluctuations 

I 
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are govemed by largescdle tropical 0cean-atmsphex-e interactions, and that 
the dynamics of the equatorial ocean play an inportant role. At the same 
time, the detailed dynamics of western baundary currents and their 
interaction with the rest of the ocean circulation are not well understood. 
Western hurdary currents transport a significant m t  of heat polewards, 
and a strong heat flux frcan the ocean surface to the atmosphexe occurs in 
the current t h d - f m n t  regions. The role of the so-called southern 
millation is certainly an important one in the atmosphere-ocean 
relationship in this region, and is under active study. III the Indo-Tacific 
region, the exchange of water, and therefore of heat and salt, betweent the 
Pacific and Indian -, is of paramunt importance to a full 
understanding of ocean variability. 

In the field of inte~ lal variability in marine cummitiesf 
classical focd-dnin work has concentrated on the consurrpstion of relatively 
larye phytoplankton cells such as diatoms and dinoflagellates by %et 
zoo plankton^^; e.g., cope@s. Nm, evidence from a number of directions 
s h m  that very small primaxy producers (nanoplankton and picoplankton) are 
responsible for a significant portion of the organic flux, ard that they are 
grazed by small copepods, ciliates and mucus-net feeders such as salps. 
Vertical profiles of biochemical properties in the water column (RNA, DNA 
and EIS) are beginriing to provide esthtes of biamass, respiration and 
gnxJth rates within the water column. 

Biologists are now studying the ecological consequences of such 
mesoscale f-tures as upelling, rings and fronts, but, to understand 
biological processes, it is often essential also to knuw the wind, 
turbulence and currents that fonn the dynamic matrix in which the processes 
take place. The physical processes associated with the upper 300 metres of 
the ocean dominate many problems of biologicdl oceanography. Turbulence, 
eddy diffusion, t h d  stratification, internal waves, etc. regulate the 
supply of nutrients to the photic zone, and the nutrient q l y  ultimately 
limits the prcductivity of the area. 

&muse of the need to e x p r h t  with ecosystenrs, a considerable 
effort has been made during the last decade to develop emla=& mine 
eccsystems (variously called mirrocosrns or ~llesocosms) for exprirru=ntal 
purposes. While there is in every case a limit to the size of the organisms 
that maintain themselves in such systems, it is clear that very often the 
smaller o q d s m s  and carmudties do well, and that the major features of 
biogeochemical cycling, in sane coastal regions at least, can be well 
sirrrulated. on laryer time/space scales, many important probl- arise that 
are both scientifically stimulating and immediately relevant to the rational 
exploitation and m g e m e n t  of oceanic eccsystems. Same of these problems 
are under investigation, such as seasonal phenomena, the biological effects 
of yariations in the onset of stratification, and the description of the 
laryescale biogeographical patterns of species and d t y  Orpeso The 
response times of biological aJmrrnrnities to physical changes vary widely but 
may sametimes be tens of years, which is important on the time-scale of 
human life and observation. 

CL,IMAP (climate LO- Range Investigation, ~apping and prediction) 
illustrated the usefulness of recent studies of palaeontology in 
establishing long time-series against which the fluctuations in present-day 
communities can be compared. Many of the interpretations Of 
micropalaeontology are based on the results of investigations of the present 
ecology of groups such as Foraminifera, Radiolaria, Coccolithophorida and 
ostracods. 
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In the field of human hfluerce on the m d r ~  . I  the 
last fifty years have seen a significant hcrease in man's input of prcx3uct.s 
and wastes into the marine enviromt. Research and monitoring of the 
cx>nsequent impacts have also increased , h t  basic research in this field is 
still not in a position to prwide an adequate scientific basis for 
pollution management decisions. 

&lease of potentially hannful substam=es continue to OCCUT via 
such sources as oil-well blow-outs, tanker accidents at sea, chemical dmp- 
sites, and discharges of heavily polluted rivers, etc. And new ccRnpOundS and 
their by-products may a m  as future pollutants. 

DUT, its derivatives, and PCBS are halogenated hydrocarbons for 
which sensitive analytical procertures exist. ?heir presence in the 
ernrhnment may help in the detemuna tion of large-scale proesses such as 
atmospheric distillation and condensation ( f m  warm .to cold regions). 
Analysis of individual PCBS could also help in llfingerprintWt water 
bodies. several organocNorhe pesticides (e.g. , Dar) m y ,  be replaced by 
toxaphenes which are likely to have as great an irnpact on the marine 
environment as but the analysis of which is much mre difficult. 
Information on the production, use and release of toxaphenes to the 
envhment will be needed for the evaluation of the hazard they generate 
and of their suitability as tracers. 

!the release of freons (Chlorofluomns) to the a-ere has 
contaminated ocean water, so that the analysis of such water can be 
used to identify areas of vertical water exchange and to study the flaw at 
depth frcxn such areas. 

m e  levels of metals have tumea out to be lower than 
reported previously. =Biological systems may therefore be more sensitive to 
these heavy metals to the ocean than had keen thought. Capper, zinc and lead 
are of special interest since they are produced ard used in h-e quantities, 
and IMI~ has appreciably inrreased the mass of merrury circulatig in nature. 
Methcds have been developed for determining methyl xremxy species in sea 
water and air. other elements such as tin, arsenic, anthny ami sulphur are 
also methylated, so that methylation prohbly plays an important role in the 
flow of a nunher of elements, and may reveal the degree of a h  exchange 
of different chemical species, reduction-oxidation processes, etc. 
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The evolution of the Sunda, Banda and Solomon Arcs over the 
last 150 million years has been strongly affected by the 
convergence of the Indian-Australian; Pacific and Eurasian 
Plates. 

It is envisaged that, before the arrival of India, double 
arc-trench systems with opposing subduction zones existed in 
the western part of southeast Asia. 
formed around an older nucleus of micro-continents welded 
together by collision to form the ProtoSundaland, consisting 
of parts of Thailand, Malaysia and perhaps West Borneo. 

The collision of India with Eurasia, which occurred around 50 
million years ago, resulted in a clockwise rotation of the 
Sundaland accompanied by the generation of major wrench faults 
in the continental part of east and southeast Asia and 
Sumatra, followed by the forming of pull-apart basins in 
Sumatra. 

While subduction continued around Sundaland, the opening of 
marginal seas and back-arc basins in the South China Sea 
(17-30Ma) and the Andaman Sea (10-20Ma), respectively, still 
demonstrated the after-effect of the collisional process 
between India and Eurasia. 

The break-up of Gondawana resulting in the development of a 
major spreading axis in the Indian Ocean was subsequently 
followed by a major reorganization in the subduction pattern 
of the Indonesian region. About 20 million years ago, an 
8000km-long, east-west trending arc-trench system developed, 
stretching from the western tip of Sumatra to Buru and even 
further eastwards to the Melanesian arc by way of Java, the 
lesser Sunda Islands, Timor, Tanimbar, Kai and Ceram. 

Prior to the arrival "of the Australian continent at the 
southeast Asian continental margin, a north-south oriented 
Sulawesi-Mindanao volcanic arc existed about 800km east of 
Borneo. Further to the southeast the older east-west trending 
Sepik and the younger inner Melanesian Island arcs separated 
the Australian-New Guinea Plate from the Eurasian Plate. 

As Australia drifted northwards, New Guinea first collided 
with the Sepik Island arc about 30 million years ago. 
Probably about the same time, back-arc spreading had formed a 
ContinUoUs Solomon-New Britain arc to the northeast of the 
island of New Guinea. Ten million years later, New Guinea and 
Sepik, now welded into a bigger micro-continent, collided with 
the inner Melanesian Island arc. This opened the Australian 
Plate to the influence of the NNW-moving Pacific Plate. Arc 
reversal occurred in the North Solomon arc. Anti-clockwise 
rotation of New Guinea about 10 million years ago and 
continuous northward movement of Australia trapped the Banda 

These volcanic arcs were 
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Sea and caused Iltectonic shavingm1 of the Bird's Head of 
New Guinea along the Sorong transform fault system. 
Subsequently, Buton and Sula and other micro-continents 
collided with Sulawesi and Halmahera transforming the double 
island arcs into a K-shape form. A small west-dipping 
subduction zone developed in northern Sulawesi accompanied by 
active volcanoes in Minahasa and the Sangihe Islands. Other 
small subduction zones with reverse polarities subsequently 
developed in northwestern Sulawesi and Halmahera, which can be 
held responsible for the generation of the active Una-Una 
volcano in the Gulf of Gorbntalo, central Celebes, and the 
volcanoes in the western Halmahera arc. .Active collision 
accompanied by emplacement of ophiolites is presently taking 
place between the west-facing Halmahera arc and the 
east-facing Minahasa-Sangihe arc. 

Thus, the convergent movement of the Australian-New Guinea and 
the Pacific Plates could be held responsible for the various 
tectono-volcanic features in eastern Indonesia such as the 
loop-shaped Banda arc, the K-shape form of Sulawesi and 
Halmahera, the back-arc thrusts of Halmahera and Sulawesi, 
large transcurrent faults in Sulawesi and Irian Jaya and 
extinct volcanoes in certain sections of an active 
plutono-volcanic arc. 

Assuming that the high convergence rates in this region 
continue for another 50 million years or so, Australia will 
move further northward to close with southeast Asia. This 
complex region of arc-continent and arc-arc collisions, of 
accretion of allochthonous terranes, of large horizontal and 
vertical movements, of rifting and small sea-floor spreading 
in back-arc and marginal basins will ultimately be squashed 
between Australia and Asia. In the future, the region from 
the Sumatran to the Solomons arc will resemble a broad and 
complex mountain system such as we now see in the Alps, the 
Hercynian and Caledonian mass and the North American 
cordillera. 
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I B e p I H A W D ~ o F ~ I N m N E w ~ m A N D ~ ~ :  
aNsmAms-  AND^^^ 

Deprtment of Earth, Atmospheric and Planekuy Sciences, Massachusetts 
Institute of Technology, Cambridge, USA 

Weseismic long-period and short-period waveforms and P-wave first- 
motions were used to d e w  ' reliable focal mechanisms and source depths 
for the largest h the New Guinea fold qnd thrust belt since 
1961. 
depths between 5 and 20 km and smaller events were located as'deep as 45 
km. 
imply that active defonration in the fold ard thrust belt is not thin- 
skinned (i.e., limited by a shallm detachment surface) but must involve 
the crystalline basement. The three largest events, which occurred under 
the crest of the Central Highlands in eastern Irian Jaya near the P a p  New 
Guinea border, were characterised by strike-- ' withthepreferred 
fault plane orient& E-W so that displacement was left-lateral. 
prdminance of left-lateral strike-slip mtion can explain the discrepancy 
between abserved E-W striking thrust: faults 
direction of Pacific-Australian plate conveqence. 
mechanisms ard depths of the earthquakes suggest that seismic defomtion 
in the New Guinea fold and thrust belt is damhated by high-angle thrust 
faults that petrate crystalline basanent and that a major zone of left- 
lateral shear d s t s  throughout the fold belt. 

we are in the process of using giavity data to investigate the possibility 
that the Central Highlands are supported by the flexural straqth of the 
dexexbng ' Australian continental platform. If so, gravity and toposraphy 
data will be used to constrain the extent of underuuusting since the , 
muntains started fonning in the la& Miocene. 

The two largest events (Ms 2 7.0) w q  faurd to have occxured at 

The depths of these earthquakes and the steep dips of nodal planes 

The 

folds and the ENE-WSW 
Therefore, the 

- 

. 

c l m 3 u N G o F m < ; u I F m ~ :  R r E T R G o F ~ ~ A s I A ,  
AND QxzOIClTx2lnu~ 
s?wGADEmoPAs 
Geological Survey Division, Deprhmt of Mineral Rsmrces, m b k ,  
?hailand 

The Gulf of W a r d  an the west of the south China Sea is floored by very 
thick (up to uan) mainly fresh-water sediments that include bds at least 
as old as Oligocene, and possibly cansiderably older. 
the sediments suggests a basement of y q  mtle4erived rocks urder the 
thickest part of the sedimnts. seismic pmspectq ' data indicate many 
north-sauth-trerding nonnal faults that have m e d  progressively during 
deposition of sedinents. Rifting was &+E&, at right angles to the 
trend of the no& faults, ard the northwest trerd of the Gulf of Wiland 
is nut related to the riftkg trerd, but is inherited from a line of 

Fault zone. 

High heat flm in 

wealmess along the Mesozoic northwest-- sinistral Three l?agaIas 

Approxirrately northeast-trerding dextral faults in peninsular W a r d  lie 
roughly at 45 dqrees to the east-west sense of extension of the Gulf ard 
accummdate increasing separation, towards the sauth, of peninsular 
milard from Irdochina (the -tern Gulf coast). 
evidence, the m a y  Peninsula has rotated anticldwke away frum Indochina 
with a pole of rotation near or in western krneo, ard its northern &,my 

 ram pdlaeomagnetic 

ke ov- southernpeninsularzhailard. 
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%e trenjs of the lamwn 2u'd inferred Cenozoic faults on lanil are of the 
same age as the trerds of the horsts ard grabens in the northern Gulf of 
?hailand. Evidently, the east-west extensional tectaru 'c regime that caused 
the opening of the Gulf exterded north thrcfflc3h the entire length of 
western, central, ard northern ?hail&, and even further north into wuxa 
and Laos. 

~nttracratonic spreading in the Gulf of W a r d  and extensional tectonics 
on land are probably related to the current sukduction of the W a n  Plate 
uder southeast Asia along the Java Trench and the --Nicabar Islard 
c~lain. spreading in the south china sea ard rift- of the Wfle sap- 
Wrq Depression and offshore basin are prabably also related to this 
brealap of continentdl SCRltheast Ash. A few basins north of the surds 
Shelf contahimj hydmcahm deposits are pmbably related tectOnics. The 
time when the t e n s i d  faulting cammced in W a r d  to the north of the 
Gulf, in -'Gulf, in north surds Shelf and in south Vietnam is uncertain, 
but pr~bably nlany-ba~ins, if not a ~ ,  cam inta existence not later than 
Oligocene  tin^^, ard have hen cantinuausly infilld with clastics since 
then. W i n e  deposition is widespread fram the Pliocene onward. 

Tbe clirrax of Cenozoic tensional faulting is'probably indicated by the 

%he climax prabably coincided 
smallbutwidespread 
basaltsinThailardanlsouthIndochina 
with the main phase of uplift of the present mountains of W a r d  and 
adjacentareas. Themuntams ' haverraturelydis~tops~youthful 
gecmmrpholcqy on their margins, and con- infrequent but significant= 
Qua- deposits upliftea to great elevations, Wcating prabably rapid 
uplift during the Quaternary. 

fields of late Tertkry and early Quaternary decline 

A plate 
cantinerrtal smthead Asia fram early Palaeozoic to late Mesozoic are also 
briefly Summarized. 

'CIS mDdel an the geologic evolutim of W a r d  ard 

? h e ~ ~ t a l o c e a n o g r a p h i c c a m r m s s  * ion (I=) and theunited 
Nations Ocean. E a n d c s  -and Technology Branch (UN-OEZB) jointly 
established a Programme on Ocean Science in Relation to Non-fivhq 
Resaurces (OSNLR) in 1985. The OSNLR programme is at an early stage but 
progress has been made in establishing likely priorities. One of these 
priorities is the coastal zone, which is seen as an area of partid= 
%eed for knmledgelf in many parts of the world. It is also an are2~ of 
great econcdc significance. With this in minl, a project is proposed O ~ I  
sea-level chalxJs, - aldlkctonl '(3s in the last Million Years 
w i t h t h e a c m n y m ~ .  'IfreGuidingc;rcerpofE>rpertsalsoproposedthat 
Ttmnuq, partiallarly as it relates to ccastal zones, placers, sard ard 
gravel and -tes, iS given a high priority anl should be a focus of 
effort by TEMA. Sane trainiq an m t e  deposits i s ' a ~ ~  recarmnerdsd". 
TI&S paper will xwiew SNLR SEINY possible research directl 'on in the 
future and potential areas of t?zam#g. 

. .  I 

0 .  
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The stmctwe and evolution of the northem New Guinea collision zone is 
deltuced from ISC seismicity (1964-1985), new ard prwicusly published focal 
mechaniSlIls 21ly1 a -tian of perthent geological data. A 'tectonic 
lrodel for the Nev Guinea margin is derived which illustrates the sequential 
stages in the collision ard suturing of the Bewaniaricelli-Adelbert- 

subduction polarity reversal in the west. 
plate is being skduckd bath to the north anl south bringhg,the New 
Britain and Tmbrhrd fore-arcs towards collision. West of 149'E, the 
fore-arcs have collided ard, wether, they override a fold in the doubly- 
sukducted Solanmn % plate lithosphere which has an axis that is pardlld 
to the strike of the m+brkham suture arad that pluqes westward at an 
angle of 5' beneath the axst ranges of northern New Guinea. 
volcanism off the north codst of New Guinea is relaw to sukduction of the 
Solamon Sea plate beneath the Bismarck Sea plate. 'Active volcxmkm of the 
papuan Peninnla arzl Quaternary volcanism of the Ned Guinea I-€,ic$iLards are 
related to slm 
Australian plate aloq the Trobriard ?kough ard the trough's fonner 
extension to the west, respctively. 
mchankm reveal that comeryeme between the sutured Bis~mxk andIrd0- 
Australian plates is accmrcdated by rampiq ard wedgirq within the 
Finisterre an3 Adelbert rang-, cumpression of the New Guinea orogenic 
belt, together with basemnt-involved foreland folding and thmstmg ' tothe 
south. 
southward4ipping Wadati-Benioff zone, and focal lrvxhanisms M a t e  
oblique sukhcti an. 
has progressed past suturing to a full reversal in sukduction polarity. 

Finisterre- Huon-New Britain Arc to central New Guinea fOllWed by 
East of 149'E, the Solamm Sea 

Active 

'on of the Solarmsn sea plate beneath the -0- 

Fram 144-148'E, seisnicity ard fccal 

Alang the New Guinea Trench, west of 144'E, sekdcity defines a 

Only this oldest, we&emm& portion of the collision 

Lithofacies data dined with palaeontolcgical ard 14C d a w  yield 
uplift rates for Lae and the lower Markham Valley, PNG, on the boundary 
between the -bard SXlth B W  plates. 

4m/1000 yrs, averaged over the past 1 million years. 
a rate of 6m/1000 yrs is indicated for the past 20,000 yrs, with tilting 
prior ta 8000 yxs-bp. 
uplift is oc=zlrrh-g by creep or by episodic large increxumts, because the 
mDde of qlift has implications for urban seismic risk. 'Be uplift is a 
result of plate conve.tyence, triple-junction migration and elision of the 
S0l-n Sea plate. 

Rates for the north 
flank of the Max.kham Valley, as far west as the Leron River, may exceed 

In the Lae urban area 

Ekperhts are needed to determine whether this 
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sw lzvErs IN !mE PACIFIC - TEE !sEmmEs IN - REEm QF P2ssIvE 
~ A N D € x Y I s F m ~ ~  
-SWYlE 
Bureau of Minesal -, Canberra, ACT, A.ustmlia 

llrough their shallm water and tenpera-pendmt ccrmposition, reefs 
encamate a record of vertical and h o r i z m  =CS, sea-level 
change, subsidence hisbry, paladimate ard Naeo-oceanography. 

Reefs are strul=tures which achieve their maximum gruwth within 25m of sea 
level and are bocm=ied top and bottam by sea-level W c a t i v e  criteria: an 
individual reef rep- ' a period of reef growth is usually sardwiched 
between a basal unconfonnity and an upper surface Qljkded wit@ sea-lev& 
imprints. 0x1 this basis and at this level, therefore, reefs are c l ~ ~ ~ y  

coral reefs contain a strong sea level signature within their framework 

Qinozoic sea-level changes have been kpid ccnrrpared with the geologi%-3 
nom. Tmqressive and regressive changes in the -ternary of 10-20m 
years differ frnm Tertiary rates only for the shorter lengths of time for 
which they omxr&. the hotqmt-generated volcanic i s l e  of the 
mamtus and the passivemangin generaw reefs of northeast Australia, 
~~lccene sea-level history has follow& a similar caurse of very rapid 
-ion follmed by a long period of stillstand. 
reef facies prodwed, together with their gearnetrid relatianships, are 
similar, reflect acauately the course of sea level and contain detailed 
signatures. Reefscanmintam ' pace with a rapidly rising sea level for a 
short period of time. 

Refs of passive mqins and hotspot regions preserve a record of 
vertical and horizontal plate motion. 
iaentifid in both settinqs. 

good indicators of the prmrimity of sea level. Howwer, and in additian, 

which is often diaqnostic of sea level to within centimetres. 

III both areas ths 

l e  "Darwin mintst' can be 
 he temerate/tmpid bourdaripc identifikd - 

define the rates of plate-eon. 

_ _  r --------I .,-- 

university of Tasmania, Bay,  as, Australia 
m m  m u m  

Stmctuml defomtim of the central New Hebrides Arc (Vanuatu) resulted 
fram a oamplex tectoxll 'c history of 
zcme-am collision. 

'on polarity reversal fracture 
pardllel, no& faults along the length of an 

western belt of islards formad at approxifiately 25 Ma frcnn thennal 
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u@cwing of the arc during the first (vitiaz) westward subductian phase. 
Reversal of E.Xk&&l 'on fram westxard to edstward (New Hebrides) at 
a~radmatdy 8-10 Ma led to the eneKyen% of the eastexn belt of isla& 
where parallel, n o d  faults were contQlrporaneously pxpga-. Oblique 
collision of the d'Entrecabax fra- zone (LE) .at approximately 6 Ma 

'cs with the formation of wide fault zones initiated --fault tectom 

collision for approximately how many years since then caused the elevation 

fomation of an intervening intra-arc basin (graben). 
enhaxed horst ard graben stsuctures, fo& transpressional-tid 
struc=tural wedges an3 ratated blocks. D i s p l a m t  aloq the tranmecze 
fault zones tappea magma chamkrs alorq the Benioff zone, thus allowing the 
-on of picritic volcanoes. A major transcUrrent fra- zone, 
the Aaba fra- zane, &its approxiTnately 20h of d i s p l a m t  and 
offsets the intra-arc basin. 
appmximately 1 Ma caused the migration of the active volcanic chain 
westward to its present location along the central. axis of the arc. 
Continued collision of the DEZ is exhibited in recent Uplift of Espiritu , 
Santa Islanl and prutrusion of an accretionary wedge westward hb the New 

'on axti .transversetothelcolgaxisofthearc. (3nthKW- 

of horslzi that !Xpprt bath western ard eastern belt islands and the 
wrerach faulting 

steepening of the Benioff zone at 

Hebrides Trench.- 

- .  

OF qEE lux3EEaARY WEIZE AND ?HE sEz!xIC - AIINz 'IHE 
rllU?mI-,-- 
rrrra;aKzGAMI 
ocean Researr=h Institute, University of Tdkyo, "0, Japan 

'an of the 
'Ihesedinwstary 
deformation zanes am- to their tectmu 'c style and dkh3xta 
ccnnpressional. wave .sped at the basal part of the wedge. 
labelled one to three fram the tren& axis lardward. 
regime are abt2uned ' fruxn the abserved ampressiondl wave speed. 

ZoNEmCIuRE lYmNmmG SLIP REGm 

1 Basaldecollement Primary dewatering Stable slip 

wedge across the Nan)oi Trcugh can be divided into three 

These zmes are 
DaJatering ard slip 

2 MUtipledecollemmt secandarydmaterirq 
~ (Dehydration of clay) 

.~ransitional 

3 SeismicthmStbJ --stage dewatering stick-slip 

The fore-arc region along the Nankai Trough has been divided into E O k m  
long segmnts by seiSmic activities (Ardo, 1975), ard they are hereby 
defined by shearing stress conditions on the subduct- plate baundaries 
ard by s h o w  of the wedge. 

(- 'earthquake) 
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E m . m ~ c ~ m ' 1 o B E B I R D ' s H E A D , l R I A N J A y A  
~ x L m I w m K , c B H I s ~ ~ ~ J o B H ~  
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Geological Reseach ard I33vel-t centre, E!anhq, Indonesia 
m€MJmN?tI!A 

The drift history of the Bird's Head still remaifls a matter of discvss ion. 
Hypathesestodateccolt2Lm ' little or no quarrtitative data of the sort that 
wmld provide same masure of the tVpe and scale of relative d o n  
postulaw. Palaecwaptic data on Bird's Head rocks are clearly required 
to- part of this missing element. 

We report pilot results fran a palaeamagnetic s&dy of a seqence of 9 
Bird's Head fomations, Camprisirg clastics and m t e s  that outcrop 
al- the southwestern margin of the Kemum Blcck ( ~ 2 . 7 ~ ~  1.2s). % ages 
of the formatians fall witbin the range  ate 
Miocene. 
0ne campanent, similar for all, has shallcw, upard indination ard is, in 
g-I N*lY - : 
oveqrint, possibly of chemical origin. 
for each f o m t i m  ard is interpreted, at this stage, as primary. 
frcan the ?mdning 2 f o m t i m s  provide IM useful palaemapetic 
illfOnIlatiOIl. 

poles derived frum the primary magnetizations are in overall gross 
agreement with the qdated apparent polar wander path for eastern Gardwana: 
they demnstrate the absene of largescale d o n  of the Bird's Head 
relative to Austxalia since the Late carboniferous; in particular, large 
c1- ' mtation s h  the Neqene. Rather, the re'sults point to d y  
SIMU rotations a d  translations. 
between the Ute -niferous and Middle to Late -, followed by 
mrth-mrthmst.displacement ccmrpleted by about Early to Middle M i m e .  

could be present, reflecting collision of the Bird's Head with the rrrargh 
of the Pacific Plate. 

'eroustoMiddle 
Ekhfly, 7 formations ea& yield 2 annpomnts of magnetization. 

?he other CQmPonent is different 
it is interpret& as a  ate Tertiazy 

~esults 

They sugyest sae clockwise rotation 

A 
snal.1, pst-mly to Middle Miocene CQmPonent of anti-clcckwxse ratation 

In 1984 the E!NR in amperation with the Geolcgical Survey of Fapua New 
Guinea initiated a palaeaaqnetic study of the 
New Guinea. A pilot collection of mer 500 samples was assanbled frnm 
three regions: 

to Middle Miocene mrbamte, calcareous mudstone and greywacke of the 
Yaveufa Syncline; ami (3) Eocene to Miocene carbmate, calcareous mudstone 
ard greywacke fram the Papuan Fold Belt in the M-Ialibu region. 
demagnetization studies fram region (3) show a primary magnetization 
indicative of minor dlcchqse ' rotation. 
other two regions (1,2) show the presence of a penrasive overprint, mst 
P-lY - during a Middle to  ate Miocene phase of major igneous 

Highlards of P a p  

(1) the Triassic to Miocene sedimentary an=i volcanic 
overlying ard northwards adjacent to the W r  Massif; (2) m e r  

Pilot 

Esrtensive pilot studies frum the 
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activity. 
magnetization result frum region (2) have westerly declbtions and 
irdicate a rather coherent pat- of anticlcdmse ' rotation ~ l r y h q  in 
magdtude frum about 60 degrees to abcRlt 110 -. 
cmsistency of inaiviltual rotation abservat=ians thmqhmt the central. ard 
Eastent Highlanls suggest bodily rotation of a akerent tectanr 'c unit, 
starting after the Middle Miocene. 
attributd to telescoping ad translation of the northern &ge of the 
Australian craton due to dccking ard accretion of the East mpua camposite 
terxane ard the Finistere terrane in the Middle and Late Miocene. 

These secordary magnetizations (and a siqle primay 

The general. 

nese rutations are tentatively 

l i s m D r t a i c i F ~ ~ c ~ ~ :  ANI3xsoMc- 
aam+aIKIEEE- 
Blxeau of Mineral -, cdnberra, ACT, Australia 
!tl33QswcHnDE 
e c s  Research Institute, Texas A an3 M ~ v d ~ ,  Texas, USA 

The marqinal basins of southeast Asia are a jigsaw puzzle of deep ard 
relatively short-lived (less than 30 Ma) basins that are separated by 
active ad inactive arcs, rifted ad collided crustal blodks. 
line of the mkductt 'on System, the Japn-Ryu&u~wan-€hi.lipphe are 
trench system, appears to divide these marginal basins into two types: 
mntkent-affilhted basins (e.g., the Japan Sea, Okinawa Tmugh and South 
China Sea) ard the Oceanic basins. The d c  b a s h  older than 40 mybp 
have a similar E-W magnetic lineation pattern and a terdency to became 
y q e r  towards the north (e.g., the West Philippine Win, Sulu, Celebes 

The major 

the 

and Bards Basins). They are often interpreted as entrapped oceanic crust. 

Based on magnetic anamlies, crustal structure, palaeomgnetic data and 
ESDP results, the evolutionary kistory of these n3ryindl basins Can be 
urderstood in terms of five major episodes of plate reorganization: the 
Neccmbn, Late cretaceous, Eocene, Oligocene an3Micce.x~. For each 
episode, the tectonic developm?nt seems to be initiated by the mllisian of 
massive crustal blocks ard followed by a change of plate motion, the 
devel-t of new 
spreading centres. ?he configuration of plate motian, sukduch 'an and 
spreading then appears to remain relatively 
collision. 
drawn fram the ChronolcqicdL and spatial devdogmnt of wstern pacific 
marginal basins. 

1 
I 

'on systems.and the alteration a d  initiatian of 

until another cycle of 
% type of collision-transfomtion- 'anhistorycanbe 

. ?he recent pragress on the plate boundary process of divergent, canvergent 
and transform bourdaries, is briefly Sumrrarized with special reference to 
mxrntainbuilding. 

?he specific effects of the collisions of cmthnts , islardarcs, OCeMic 
plateaus or rises, ard seammts, are examined by an-land and UTderSea 
examples around ciramt-mcific regions. 
phenama, i.e., (1) ignems activity, (2) upliftiq of regional 
metarmrphic belts, (3) evolution of geologic structure, ard 

!&e collision-related orogenic 

- 22 - 



(4) sedimentation, are summarized as follms: (1) Absence of V O l ~  
along the collision boundary may sugyest the lack of 'on-relat& 
magmatism due b collision, but the older examples in ~ ~ i a  do not w r t  

dominantly plutonic syn- or post-collision magmatism 

with the  tin^ of collision, but the uplift of high-~/T mcks 
the collision in mxt cases. (3) n ~ o  geologic structures, 
i.e., imbricated thrust sheets and their reaxmnged nappes, are abserved in 
the collision zones *ether with the collision-rehted transform-fault 
defoxmations. (4) The episodic zmed growth of accretionary rrnrrplex m y  be 
related to rapid sdmnt supply by collision. 
ma teridLs are pelagic Sedilme, reefal linstun e, a'na fragments of 
Seamxrnts or rise (plateau), and are rarely mid-ocean ridge basdlts (mm) . 
?heir lxdes of - suggest their mixiqs as tsench olisk&mme as 
absewed in lmdern tmnche5. 

before 

Most accreted cceanic 

ExETExmMEuuGE 
SHIGmmI- I r  

Deprbent of Eaxth Sciences, Faculty of E3ucation, 'Ityam University, 
ToyazM, J a w  
RL- 
Department of Geology, school of Earth Sciences, stanford University, 
California, USA 

mudstmerich rocks that are broadly chracterized by an abscure 
stratigraghy, stratal disruptian, or a chaotic Yblcck-in matrix" fabric. 
Proposed origins of m&laxqes include: (1) layex-parallel extension (tIsii, 
1968; Cawan, 1982), (2) mddy debris flow (01- 1 (Maxwell, 1974); 
(3) - 'C mixing (suppe, 1973; ccx~an, 1974); (4) flow &-e (cloos, 
1982); (5) mud di.apiriSm (m & speed, 1984);and (6) am?bhti(XlS of (1)- 
(5) (M, 1973; Cowan, 1985). The term %xplosian Wangefl is p-M 
here to ~S&JX= so[0(113 chaotic units, as inferred fram ubi&- 
occu~re~=es of gas hydrates in -trench gaps, the binary phase &- of 
CH -30 wether with the effects of the third ampon- of 03 
c h , c 3 ~ d  S, the offscraping structures*near the toe of 3Atio- 
w a s ,  
apnsion of gas hydrate diapir by the depressurization, trig- by 
-, wmld highly disrupt the uncansolidated 

%e term nklarqe is anrently used to descnbe ' severaldifferentkindsof 

Nacl, 

a f 3 o n - M  examples. 12re insta.ntaneouS 170-fold v0lun-e 

'on cmplex. 
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one of the important prablems 
flrnda ard Bards ams in Irdanesia is the xaechanismbywhich the Australian 
w t  carrverges with the SE Asian plate. 

accurate focal depths and fault-plane solutions of the region's detJ2mmq 
largest earthqudkes by inversian of their teleseismic, long-period P and SH 
waves. 

N-S shortening occurs across the entire Bands Bash, by thrust faulting at 
its northern and southern margins ard by strike-slip faulting within its 
interior. Ple -lip faulting falls within a series of NE trerding 
ridges ard mDst likely a-- the NE motion of the SE M -in 
relative to SE AS&. 
eneqy release in the fore-arc fram Smhwa to T h r  and hdicates that the 
f o e =  respards t0 the collision by N-S shortening and E-W elOngatian. 

andarecmCentmtEdnear 

the tectonl 'cs of the eastern 

1 address this problem by 
a .  

Also, -lip faulting dminates the seismic 

very few earthquakes inlicate lmler-- ' 

~ I s l a n d ( a n d 0 f s m a l l ~ C n m n e r r t ) a r d s o u t h O f t h e S e r a m ~ .  

prcnninent SCIuth of western seraxu and along the ba&-arc slapes of the flrnda 
Large thrust earthqudkes with rougNy N-S trerdiq slip vectors are 

islard arc fram Bali to Wetar. 

I cnnchde that canvqence between Australia ard SE Asia is not 
' at the T h r  izrcugh but rather that it is accammodated locally by thmstuq 

takm up by q m s s i v e  deformatian 
a2e eastezTI Banla Basin is migrathq E away frcan SE Ash and wer the 

q1ai-n the decrease in corrvergence at the Tlmor Truugh and can account for 
the bend ard apparent Nw comexyence djzectl 'on at the eastern end of the arc. 
of the Kimalaya. 

wer a 700km-wide area. 

ArafuzaShelf, ther&yfOrmingthesautheSn~Tnxlgtr. 'IhislE&ania can 

'Ihe defomtion in the Bards Basin is analogous tf3 that in Asia north 
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W Eastern aryl Papan Plateaus fonn a southeasterly prolongation of the 
Australian craton situated between the mral Sea ~asi~/Osprey Embaymnt a d  
the -F=n Peninsula in eastern P a p  New Guinea. 

w collision of these plateaus with the East pap~an -ite Terrane in 
the Miocene formed the eastexnpart of the New Guineaorcgen. T h e e f f e  
on the plateaus of this collision include reactivation ard reversal of 
wvemxrt on soaae plateau-forming normal faults, tilting and subsidence of 
the northern muyin of the plateaus arxl the formatian of foreland style 
basins. 
boundary along the south side of the plateaus appears to be unaffected by 
the collision wents alang the northern margin. The plateaus appear to 
have resporded to the collision in a similar fashion to the craton further 
west. 

Despite their cmpratively 9Mu size, the ocean/wntinent 

Ihe origin of heavy minerals at Maprtaphut Beach is still controversial. 
To pruve the source, 54 surface sanples were collect& from nearshore and 
offshore zanes off the beach. These samples were then processed thmu#l 
heavy-mineral separatian. 0Z;tical investigation and gnin-cmntmg ' w e r e  
also cc&uctd in oder to determine the content of each mineral. 
result Cbtalnd Mmtesthattheheavymineral sinthestudyareaare 
e t e d  by tourmaline, zircon and W t e ,  with small. amunts of rutile, 
leuaxem ard monazite, ard very srnall cpantitites of cassiterite, anatase, 
xemtime, topaz, garnet, pyrite, magnetite, siderite ard alterite. Amxrnts 
of tcumaline, rutile, leucaxene, anatase, xemtme ' ard tapaz, the lighixx 
minerals, hcrease fram offshore to nearsfiore, while zircan, 
ilmenite, m i t e  aril cassiterite, the heavier minerals I display the 
reverse character. 
accordingly, offshore exploration should be urdertaken to delineate a d  

Cmis relationship reflects hydroayMrm 'c so-; 

evaluate-ure source. . - 

. .  
.. 

.. , 
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The Gilbert Islard atolls of WeSteM Kiribati are deyeloped on mid-plate 
oceanic volcanoes. Nunrerc3us lw-lyirq coral islets on their cuter rims are 
best developed aloq south and east whlwaxd -ins. W islets, ~ 

generally less than 5 metres above present HEUI sea level, exhibit fnrmerous 
features interpreted as resultirq frnm severe stom activity. ?hese 
features include: 

(1) Islet 'on by channels, typically with artlysured margins of 
cemented coral ruhble. Clast-size decmass fram ocean to lagoan side 
where sediaent labes often protsude. 

(2). shore-nomal tangues of coral c o n g l m t e  developed an seaward reef- 
flats; With heights greater than B.U above the xcdern reef flat surface, 
the edges are COlTmKlnly an erosional sczxp. 

(3) Islet surfaces strewn with loose reefal debris up to bcerlder size. 

All of these features can be attributed to storm activity d e r  present 
meansea-level carditions without invoking a Holocene sea levd higherrthan 
at present. 

me -mated top-cooliq rate for cceanic mantle, k b q  three tims 
rishg 
drift 

mantle, explainssub-continerrtal 
rifting. - AS mnthenk greater than that for 

(xnvdon plumes, and central CCoTtinerrtal 
fmm over the convection cells that rifted them, they are replaced by 
oceans, accelemtiq -ling of cells anl starthg cell decay. 
plumes forming under drifting continents will e W e  their parent 

adjacentcells. camoncell- 'es move fmm an initial position 

' on between cells beneath (subductable) oceanic li-. suhduch 
starts as an edge of oceanic lithosphere is pulled into the interface 
bebeen cells (where flms frnm adjacent cells merge and turn dcrwn). 
CeU bundaries then cease normal sb&iymavement, due to the resistance 

relative power. Eventual b- of the slab fmm the liulosphere (by . 

met again, to finl an equilibrium position well to seaward of the last 
pition, and to start a nappe of ocednic liMosphere leading to 
back-ar~ spreading and foxmatian of a mrginal sea.  re margindl seas 
then form as occasimd. fracturh~ of the slab is followed by further jumps 
of subttuctian seaward. 
continent , and all margirdl seas are accreted to the CQntinentdl fragwnt 
that w e s  to the active 

The new 

corrtinents renrain intact, by EnEhing back their cammpl baurdary with older 

. b eneathconw , towards COB. on pass- beneath ems, the interface 

of 
trapped slabs to seaward movanent, even thou#l cells are still Chqing in 

increasing stress between upper opposed flows) allows CQINeCtion flows to 
' 

~~entually, the new C&I rifts its parent 

'on zone, formFng Andean-typ q i n s .  
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All well mapped m t e  marginal seas have chaotic magnetic m y  
patterns, whereas well mapped linear marginal seas have ordered linear 
magnetic m y  mttems. ?his empirical relationship m t s  from 
differences in the mde of marginal-sea opening in ea& case; Linear 
mrginal seas can arrl do develop long mid- ridge W R )  s p m  

areas are f o e  on the sea floor and CM be mapped and correlated. 

have a large proportion of their.margins oriented at an acuteprmgle to the 
spreading- 'on, and so can develop anly short spreading segments (an3 
magnetic anamlies). Only after considerable Opening can long spreading 
secpmts fom, ard FDst marginal seas have ceased spreading before this 

l q e r  than when spreadhq kegan (Japan Sea, Mark) a n  rare cconplex 
again, since this geamztry involves ' ionalspreadixq. tbgnetic 
ard seismic data used wether can aid htezpretatian of complex spreading 
patterns, as in the Labrador Sea where similar spreading geometry has 
produced a magnetic N e t  zone over rough basemmt, a &aracteristic of 
acute-to--ins spreading. 

!seglwnb fram the start of true spreading, so that long linear magnetized 

cantrast, marginal seas that kegin spr&ling with an arcuate shape will 
In 

caxrs. mqinal seas which cease spreading with their outer arc stretched 

alASlXL -(X AND EEIXKC -CX? CX? A m  CXIXSl', -- 
~ S I 7 0 Y a r r d ~ H R I ~  
ccOP/sopAc, Swa, Fiji 

relatively large rivers form coalescing deltas whose mrpholw is -ly 
modified by waves. Except for the ~ungga River which is aischarg i-w 
directly irrt0 deep water, the deltas are pmgradmg ' over a relict shelf 
platform less than 60m deep. 'Ilhis plafform is thought: to rep- a 

isld. ?hepnqndlIq ' delta leks are rather steep and -ex in profile 

qmxd. 
which correspord to different deltaic facies whereas further offshore 
calcarecrus mLzds arrl sands prdanina~ on the atrrent-swept shelf. 
rivercchawtel xmrphologies.vary from braided 
i n c i s e d a r d I I e a & x i n J f ~  forms. ~esponse to flocdiq varies 
greatly between the different channel mrpholqies. 
the beach sdimnts on each delta correlate well with its river catchrent 
litholcqy sugyesting little lateral mixing. 

In the coastal plain aTxl nearshore zone of northeastern Guadalcanal, seven 

Pl- deltaic plain that has subsided due to tectaru 'c tilting of the 

the intemenixq embaymnts between lcbes are flatter axxi coM=dve 

LrxrJer 

Nearshores&hents are lnostly terrigenms muds, sards ard gravels 

M i n e r d l , ~ l a g e s  of 
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-0ns are based on g l w  plate merent dstories, 
palaeomgnetic hfomatim, and r e g i d  geology. 
the past 40 Ma, we have two sawwhat Meperdent approaches. 
fixed hotspat f m r k ,  to which all mjor plates can be referred. The 
other examines relative plate motian through a glabal circuit, including 
the Pacific, Antarch 'c, Australia-Irdian, African, North American, and 
Eurasian Plates. 

' ty is the history of defonmtian 
. A n  

difference in results. A major unertam 
in  AS^, and that intxcducs saw3 error into all rem- 
equatorial seaway came&& the pacific and Irdian oceans until almst 10 
Ma ago. 
initial positions alang major plate trajectories. 
M Sea show initial sepntim of the Bands ridges fnan Irian Jaya in 
middle to late Miocene, and gecdmu 'cal studies of the 

For recanstructions aver 
One aSSUmeS,a 

We have used bath mthcds and fird little significant 

Cmstal fragn'ents frnm Irh Jaya can be backtradked to potential 
Lithologic data frum the 

ridqes and the 
M arc volcanics imply ulat -&,on 
prior to 7 Ma ago. 

_ .  

beneath the ~anda a~.: ;righted 
.* 

c 

UpPwMANIm vlxocnY a? FIJI: IiE13(rr EFfx soRFa(lE FIzlvE -m 
KANDilAEI- 
University of the south Pacific, Sun, Fiji 

shqk-station grrxrp velocities over the period range 15-100 s are 
amput& for nine furdamental-mode Rayleighweprupagatinn paths that 
crosstectolu 'c pmvinces of the Fiji regian. These amputations are based 
on recordings of the arourd the Fiji islards by the WWSN , 
stations AFI, HNR and m. % inversion of the derived disprsian ames 
for shear velocity - depth structure shows that 
beneath South Fiji Basin, Lau Bash ard North Fiji Basin is slightly lower 
than that derived for the Pacific Ocean region of similar age by Yu and 
Mitchell (1979). 
marginal bash, ard the shear velocity is between 4.0 an3 4.3 lan/s in the 
depth range frnmMah0 down to 220 km. 

Interstation phase velocities between WEL~AFI: are ccnxputed for one 
-. 

mantle velocity 

The qpenmst mantle LID is almost absent beneath these 

when this disperkian m e  is interpreted in tenseof a flat- 
earth 
could 

parallel-layer xrodel it irdicates a higher mantle velocity. 
be takn as the irdication of the presence of suMucti on. 

W 



~ R E S J E I S C I F A ~ C S I W Y O F ~ , ~ J P ; Y A  
Or%lM3NA!IBKPP, EA-, HFRASEEO 
Earth Sciences, university of Qlifornia, Santa cruz, USA 

parts of the Inaonesian islards aramd the Banza sea, ani the Bards Ridge3 
within this sea, have basemmts of Australian affinity; they were probably 
displaced by strikeslip faulthq fram Irian Jaya. 

* 

?he island of Misool, just west of the "Birdts Headtt -q of 
I r h  Jaya has excellent coastal expmres of a Palaeozoic through 
Quaternary sequene of carbonate and clastic rocks. 
palaeumgnetism of these mcks to investigate the tectoru 'c +ationships 
between Misool, Irian Jaya, and Australia. The palaeomagnetie data will 
also provide a framework in which to evaluate the displacement of the 
various allochthonous slivers in the Barada sea region. 

We are utilizhq the 

We collected 614 oriented are samples frum 107 sites for palaeomgnetic 
study of 14 fomrations in the Misool archipelago. Detailed pilot thennal 
demgnetization experknts an representative sampls frm each formation 
demnstmte that secondary overprints can be m e d  allwing isolatian of 
a stable magnetic directi on. 
Tertiary CarbQnateS makes accurate 
!the Late cretaceous Fafanlap and Waaf formations, howwer, retain well 

ccanrterdloclcknse ' rotation of Miso01 relative to Australia. 

Very weak maqnet-ization of mDst of the 
of these rocks difficult. 

Mined, pre-folding magnetic directl 'om that suggest substantidl 

_.  
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m e  &'savu wins 
Inaonesian fore-arc system, 
limited extent. 

form fore-arc basins of the erltral and eastern 
ard have been studied until now d y  to a 

seismic and acQustic profilm carried aut durirq the snellius U: 
expedition in 1984-1985, cmp1emenM by w i v e  pktcm coring, shcws 
that in the Basin ' resulted in the formatian and 
uplift of the lmhk Ridge but that uplift is mu& less than along the. 
Smba-Savu-Roti~ir Ridge. The latter has result& in large-scale 
gravitational gliding and slmqing frnm S to N into the Savu Basin antl 
causes the widespread oc(xu~e~1ce of acoustic voids in the turbidites 
forming the present sed floor of th& Savu Basin. uplift of thf2 Lihxbok 
Ridge has resulted in the widespread occur~e~=e of growth faults along the 
ridge -ins, anl of m - s c a l e  slqiq. s€dimentatian rates in the 
savu Basin are twice as hi* as in the Lambok Basin: preliminary r;3tes are 
25 Qn/lOOO year for the Savu Basin ard 9-11 Cm/1000 years for the Lcnnbak 
Basin sedimerrts 

. 

. . .  

lhe fhst and fFfth legs of the R.V. JEAN CMLRQlll SEAPso cruise were 
devotd to the study of three arc-ridge collisions along the New Hebrides 

and single charmel seismic reflection profilhg. dt-ux Ridge, 
Layalty Ridge and Irxrisville ridge illustrate, 
ridge arriving perpendicularly, in parallel and abliqudy to the tren&. 

and-- 'an zanes, using SeaBEAM bathymtry, mgnetics, gravity 

'vely, the cases of a 

Ixu"iq the secord leg, we surveyed the New Hebrides back-arc area, 
especially the troughs ' northward (vanikoro and vot Tande Troughs) 
and southward (Efate an3 Coriolis Troughs). 

structural aspects with 3-D colcur block diagrams. Detailed SeaBEAM rraps 
mepostershmsthernainresultsofthesethreelegs, amlh;lsizingthe 

are also preserrted. 
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SUMfARY RJiMARS ON TDmC 1: mIIJl3ON OF !U-JE AWJ CXIWlXX: GEDlDX AM) 
-cN 
BY DR. JCXIN KA!ITLX ' 

~n the section on the Evolution of the Arc Ccanplex: Geology and 
speciation, two main lines of discuss ion were envisaged: Plate Tkctonics and 
pdlaeogeography; ard %-level ~snrironments and I'ectonics. It turned out 
that the papers presented fell predcaninantly in the first body of 
disoussion. There were eleven papers on plate hurdaries, including arc 
evolution and plate mvements; f a r  papers on stratigra&y and/or 
sedimentation; three on basin evolution; two on local geology and 
seismology; two on sea-level in general and one on rift-. 

(.-P=/TaYlor, in - ing a mddel of arc rev- following 
arc-continent collision for the Bewarn '-New J3ritah arc and its suturhg to 
cerztral New Guhxi , shcrwed that the Solawn Sea plate is be- fllbctucted to 
the north and south, thus wing the New Britian and Trobriand arcs tmmds 
collision. 

Green and his CO-authos'described in detail the palaeotectonic 

=-, reporting on tectonics of two island arcs (East sunda 
and Banda) inferred frum a h t e  detennination of focal depths and fault- 
plane solutions of laxye earthquaks in the region, described the 
conveqence of the Australian and south-east Asian plates, and the fore-arc 
response to the collision by N-S shortening and E-W elongation. The 
convqence appears not to be accomrAaW locally by thrusting at the T h r  
Trough but rather by compressive deformation mer a wide area. 

croo3c informed us of specific uplift rates for two parts of Papua 
New Guha as a result of plate converyence, involving triple-junction 
migration and the elision of the Solcanon Sea Plate. 

m.myani reviewed recent progress in the study and interpretation 
of plate boundaries (divergent, convexqent and transform) with special 
reference to mtain building, particularly the relation of the timing of 
uplifting to that of collision, noting that accreted materials are rarely 
mid- ridge basalts. 

PigraqISymxds described the effects of the collision between the 
Australian and the Eurasian plates on the Eastern and P a p  Plateaus, noting 
that the collision events along the northern margin of these Plateaus do not 
appear to affect their southexn margin; this suggests that collision, 
although a major manifestation of tectonic activity, is a ccxnparatively 
localized phenomenon. 

Su3axalkgam described upper mantle velocities of earthquake waves 
crossing tectonic provinces in the Fiji region, suggesting that this is a 
region of subduction. 

reliable focal mecham 'sII1s and source 
fold and thrust belt. The 

=m=ff=?Y de- 
depths for large earthcpakes in the New Guinea 

history of the central New Hebrides arc. 

t. 

A text not having been made available, these remarks are developed 
here frum notes. 

, 
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considerable depths of the smaller events shm that active deformation 
itself may aperate at considerable depths. They &wed also that deformation 
in the fold and thrust belt is dcaninated by high-angle thrust faults 
penetrating the crystalline basement. 

In contrast, Kloobd-jk and his co-authors pruvided palaecanagnetic 
evidence that, after the Middle Miocene, a bodily anticloclwke rotation of 
a coherent tectonic unit occurmd, which they tentatively attributed to 
telescoping and translation of the northern edge of the Australian craton. 

Silver/prasetYo shmed that two approaches to the tectonic 
reconstruction of eastern Indonesia - one asfllming a fixed hot-spot 
framemrk, the other, relative plate xmvemmts worldwide - lead to 

! U m i p p / S i l ~ ~  reported on a palaecanagnetic study of the 
islaxd of Misool, Irian Faya, just west of the Bird's head, CCBnparing the 
results with those for Australia. They found that certain formations retain 
well defined pre-folding magnetic directions, suggesting substantial 
counter?=lcckwise rotation of Misool relative to Australia. 

results. 

reported results of a study of the sedimntary wedge across . 

the Nankai Trough; he show& that the wedge is characterized by three 
deformation zones with different tectonic regimes, which illustrates the 
cc~nplexity of the tectonics of the western Pacific region. 

K l m - j k  and his co-authors, presenting palaeomgnetic results 

covering the period Late -niferous to Middle Miocene indicated a sballm 
upward inclination more or less northward which probably represents a late 
Tertiary overprint. A possibly primary cmpnent, different for each of the 
seven formations, w- also observed. somewhat surprisingly, two formations 
yielded no useful palaeomagnetic information. ?he inference is that the 
Bird's Head in Papua New has remained attached to Australia since the 
Late carboniferous, but with some clochise~notation up to the Eocene. 'ihis 
contrasts with the results presented by Wipps, Silver and prasetyo. 

Manam described explosion melanges - chaotic geological 
structures (obs<ure stratigramy, stratal disruption, chaotic block-in 
matrix) - and suggested several possible prcceses leading to their 
formation. 

Roy/Richmond described coastal sedimentation and deltaic 
prcgradation on a lifting coast (north-eastem Guadalcanal). The deltas 
m e r  a Pleistocene plain tilted by tectonic activity, with little latad 
mixing between channels. 

'Czrao SunqWidde described the evolution of western Pacific 
marginal basins; they are relatively short-lived and of two types: 
continental and oceanic, the latter possibly being t r a m  cceanic czust. 
The basins reflect five major episodes of plate reorganization: collision 
follawed by change of plate motion, with new subduction and spreading zones 
being established. mis again suggests the complexity of the tectonics of 
this region. 

f m  the Bird's Head in P a p  New Guinea , shmed that seven of nine outcrops 

Rmts described the formation and compaction of l~lginal seas in 
tern of differences in the cooling rates of convection cells beneath 
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continental cxust and beneath oceanic crust. ~nveqence beneath ocean crust 
m c t s  a nappe of oceanic 1ith-m leading to back-am spreading and 
formation of a marginal sea. ?his SuMUction leads to cell decay in the 
mantle and, later, to reformation of the cell seawaxd of the previous 
subduction. also described sane geological stxuctures and magnetic 
patterns in marginal seas, shming that the palaearnagnetism of q i n a l  seas 
is generally related to their d e  of formation and of spreading; linear 
marginal seas therefore have mre regular palaemmgnetic f e a w  than do 
arcuate mrginal seas (stretched outer edge relative to the rift). 

Bunopas described the rift- of Thailand and the related 
tectonics, stressing its relation to subduction of the Irdian Plate under 
mth-east Asia along the Java Trench and the Pdaman-Nidxir Island chain. 

't described the distribution of 
heavy - s off Maptaphut beach in eastern Thailand, and RidmrcpryRoy 
described the effects of severe S t o m  on the morphology of the Gilbert 
Islami atolls of western Kiribabi. They attributed the obsewable features 
to stom at present mean sea level without the need to m e  invoke a higher 
Holocene sea level. 

M e s  described h m  coral reefs provide a record of vertical and 
horizontal tectonic mements, of sea-level changes, palaecclhte and 
pala-my because of the strong correlation between coral grawth 
and the depth at which this growth naturally occurs. 

coak autlinea the Ioc-UN programme of Ocean sciem=e in Relation to 
Living ~esources, with specific reference to the flrb-programme on Sea-level 
changes, ~nviromts and Tectonics in the Last Million Years. 

Application of the results of marine geological and geophysical 
studies is important in many ways: in prospecting for h w n s  and 
metallic mineral s; in assessing and possibly mitigating the effect of 
geological hazazds such as earthguakes. Study of the stratification of 
ocean-bot- sediments has made possible a deterrmM tion of clinntic changes 
in the past and has im=reased understandiq of such changes, which, should 
help us to predict future clhates. 

m e  results of recent investigations suggest that the zone between 
the trench and the volcanic arc appears in sane areas to be mre like a 
passive margin consisting of older rocks that have been eroded and subsided 
rather than a lWacktl of geologically very young sediment slices scraped off 
the oceanic plate. ?he back-arc basins are often thickly covered with 
sediments of terrestrial origin. ?he sediments are young but the high values 
of heat flm that have been measured in many such basins may indicate that 
the organic content in the s e d h t s  is mature, these areas important 
for the exploration of hydrocarbons. 

On a r n ~  local &e, 

The papers given at this symposium have indicated that, although 
many aspects of plate tectonics are still imperfectly understccd, and some 
results do not seem to fit current hypotheses, a great deal is to be gained 
frcnn further aploration using state-of-the-art technology. 
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This talk was to have been given by Professor Klaus wyruci, who was 
unfortunately unable to attend due to illness. It is a great pity that 
Professor Wyruci could not came, because it is he more than anyone else who 
has put oceanography on'a sound basis in the WESrpAC region. l?mn his early 
work while in Irdonesia in the 1950s up t0 the' present t h ,  Professor 
wyrtlci has introauCea a steady stream of useful, simple ideas about h m  the 
ocean works in this area. In particular, he has played a pioneering role in 
shming hcrw ocean behaviour in this region is inthtely linked to 
variations in the world's clhte, such as the El NEo-Southern Oscillation 
events that, in sane years, cause serious dmught in Australia, Indonesia 
and elsewhere. In this talk I will try to shm what these links between the 
ocean and climate are, and to explain why further study of the region's 
oceanography is essential if we care to understand (and hopefully predict) 
climate changes in our region. 

Why is the ccean heat budget in the equatorial West Pacific' inportant for 
- understanding clhte variations? 

Rqa~dir~g the mean distribution of cloud m e r  in the Pacific Ocean, 
thmughout the year, two well defined hrds of cloud form an Unsymmetrical V 
pattern, with the tip of the V north of PNG. One band, roughly parallel to 
the equator at 5'-10°N, is the Inter+l?ropical Convergence Zone (ITCZ) ; the 
other, angling east-southeast f m  FNG, is the south Pacific rnnveqence 
Zone (SPCZ). Heavy rainfall occurs in each of these bands; the latent heat 
released in them is the main driving force for both the Hadley and Walker 
circulations, and hence for Pacific tropical winds. The winds in turn drive 
the ocean currents and contribute to determining the sea-surfaa tenperatwe 
(SST) distribution. 

The resulting annual mean SST pattern contains two ridges of maximum SST- 
and the cloud bands lie almost directly over the SST ridges. This is not a 
cohidence, and seems to indicate a positive feedback loop f m  rainfall 
through winds, currents and SST back to rainfall. ~s impression is 
confirmed by recent analysis of ENS0 events (e.g. Gill and Ramusson, 1983): 
in the 1982-83 event, the entire system - cloud bands, rainfall, whds, 
currents and SST maxima - m e  eastwazd as much as 3 000 km and, in the 
procks, rainfall continues to cccur mst stmrqly m e  SST maxima arii 
ridges. As a result, Indonesia and mch of Australia become drier, and the 
central Pacific experiences heavy rain. 

If this positive feedback link idea is accepted, then it seems likely that 
Pacific (and global) climate should be extraordinarily sensitive to small 

~ r .  Godfrey m y  replaced Prof. Maus wyrtki as ~eynote s m e r  
on this topic and based .his Keynote Speech on his formal 
presentation of a paper on Air-sea Interaction in the Tropical 
Pacific and Indian  ocean^. This paper has been edited, without 
specific reference to the original Figures and without specific 
bibliographic references, for the pupose of presenting Dr. 
Godfrey's Keynote Speech in a suitable form here. 

1 
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SST changes in this region. For example, an increase of about 0.5"C at 
(0°S,170"E), ccrmbined with a decrease of about 0.5"C near (O'S,14OoE), will 
drive the SST maxirmrm about 2 000 Ian -. Precisely such an event is 
seen at the start of an ENS0 event. 

Further confirmation that global. climate is w l y  sensitive to SST in 
this region is provided both by numerical rrcdel results, and by correlation 
studies of SST on Australian crops. !mus, Palmer and Mansfield performe3 a 
control run of their aixnqheric General Circulation W e 1  (m) with a 
typical SST pattern; then they ran two other nms, with Pacific equatorial 
SST anordies of quite different types. In one, the model shms that massive 
SST anamalies m near Smth America (as observed in an ENS0 event), but 
there is no SST anomdly in the western Pacific. In the other, the eastern 
Pacific anaTlldLies are remved, but small SST anmalies occur in the western 
Pacific. 'Ihe area integral of the anafialies in the first case is about 20 
times that of the anomalies in the second, yet the response was 
substantially stronger to the anarralies of the second case than to those of 
the first. 

m h g  to the correlation of SST on Australian crop, Nicholls obtained a 
time series of the values (in 1983 Australian dollars) of five crops- 
wheat, oats, barley, sugar cane and potatoes - frcnn 1953-1982. After 
removing the long-tenn trends due to technology -e etc., by a cubic 
spline fit over the period, the grass value of all five crops shms a strong 
correlation with the annual mean SST from merchant ship reports frcnn a large 
region north of Australia. 

The rrrts magnitude of the clop variations is about $ 300 million, but the rms 
magnitude of the SST variations is only about 0.3"~. 

These examples shm that global and Australian clhate do appear to be 
sensitive to changes of as little as 0.3"C in SST north of Australia. This 
is probably particularly true within 1000hn or so of the annual mean 
maximum north of P a m  New Guinea. Evidently, it kecumes important to knuw 
what causes these SST changes to occur, and hence whether they are likely to 
be predictable. This involves urderstaxting the heat budget for the ccean1s 
surface mixed layer, in this region. 

Recent progress in und- ' heat-flux variations in the equatorial 
western Pacific has sham that the heat input into the surface mixed layer 
is the algebraic sum of inputs through the sea surface (Qtot), thmugh the 
base of the mixed layer by miXing (Qnix), and thrcugh horizontal advection 
(QadveCt) : 

Mt = Qtot + Qnix + Qadvect 
where D is &&-layer depth. (One might think the th-dep-dent term on 
the left should be (D T), but the term & accountS for variations of mixed- 
layer depth due to pass- planetary waves etc., and should be left out of a 
thermodyMrm 'c equation for surface tenperature, T). Meyers Kt al. have 
recently used (1) , esththg only Qtot on the right side, to show that 
observed changes in correlate rather well with changes in Qtot through 
1979-83. m e  observed sea-surface tenperature (SST) between Ned Caledonia 
and Japan s h m  that equatorial SST was rather constant until early 1982, 
when a strong  cool^ took place. FrrJm then throqh 1983, the n o m 1  wintxr 
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coolings in each hemisphere penetrated mre deeply than usual towards the 
equator. 

The value of Qtat as a function of time near 2'N, along the NaumeaJapan 
mute was estimated from normal ship's abservations of cloud m e r ,  wind 
speed and direction, air sped and humidity and SST, us- a number of 
empirical fomulae for the different terns (latent and sensible heat flux, 
solar and infra-red radiation) contrihting to Qtat: Negative values in the 
w e d  rate of change of heat content of the mixed layer irdicate cooling 
events. They tend to correspond to negative values of Qtot, of about the 
right mgnitude. 

on further examination, Wyers et a. faund that the main contribution to 
the changes in heat flux came f m  the latent heat term; in particular, 
cooliq events tesded to occur when winds f m  the winter hemisphere blew 
arro5s the equator. The observed wind field f m  the Australian l3ureau of 
~teorology data, during two cooling events (one each for the winters of 
each hemisphere), and the correspordbq wind fields during two winters in 
which cooling events did not oc(=uz-, supporting Ikyer's view. 

These results give us the first indication of how the. small temperature 
changes that precede an ENS0 event probably occur. 

However, Wyers et al.'s mean value of Qtot was quite l q e  - about 80 
wattsp. Since they did not try to estimate Qadvect or Qnix, this result 
implies either that 0n.k + Qadvect also have a mean of about 80 watts/d and 
relatively small intemmual variations, or that there are systemtic errors 
in estimating Qtot. 

The %systematic errorvf hypothesis is supported by eXamining annual mean 
values of Qtat estimates by various authors (Hastenrath and Lamb; Weare _et 
al., Esbenson and ; Hsiung). All these authors estimate Qtot as the 
sum of a nuber of contributions: 

Qtot = Qr 2 Qb - Qe - Qs (2) 

where Qr is imxXning tatdl radiation, Qb is back radiation, and Qe and Qs 
are the latent and sensible heat losses. Different authors differ by as much 
as 60 watts/nf in their estimates of the annual man of some of these terms, 
at least in the eastern Indonesian region, with which Hastemath and Lamb's 
Indian cbxin studies can be compared. 

However, it is recent OceaTlOgraphic data that highlight the problem with the 
estimates of Qtot. These data suggest that  advect and csnix are bath no 
larger than perhap 5 watts/nf. Since we need to esthte this sum to 
roughly 10 watts/nf if we are to understan3 h m  SST changes of 5°C cccur 
over 3-month periods, such an error in the annual mean is umcceptable. 

I& us naw consider the 'different terns in equations (1) and (2) in a little 
more detail. 

Rqanlbg heat fluxes amass the air-sea interface, from  ma^ of total 
annual mean heat flux, from variuus authors, ard f m  similar maps of 
inaividual cmponents of this flux, approximate values (within one contour 
interval) have been estimated near (O'S, 120"E). 'ihe results (all values are 
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in watts/~) are tabulated belcx~. %e years listed beneath e a ~ h  author give 
the period in which the data were taken, where available. camrents on 
possible reasons for the 

Hasterlrath 
&Iamb 
(1911-70) 

Weare et al. 
(1975-76) 

Esbenson and 
Kushnir3 

Reed 
(1970-79) 

Hsiuhg 
(1946-79) 

cxmtmr 
Intenmls 

20 

20,5' 

20,5' 

25,102 

discrepancies 

cti 

180 

220 

160 

225 

60 

foll&. 

CB 

40-501 

40 

40 

30 

- 
20 

Qe 

60 

120 

80. 

75 

- 

60 

<5 60 

5 60 

. .  

<5 . 40 

<5. 75-100 

- 60 

0 '  40 ' . 
. .  

Regardhq solar radiation, these data show that individh. estimates of 
solar radiation differ from one another by as mch as 6owatts/m2 , near OoS, 
120"E. The differences depend primarily on different formulations of the 
de@- of dmmwani solar radiation on clcud cover - as reported by the 
(subjective) shipboarri observer. The region of interest contains heavy 
cloud: the empirid. fomolla used by Reed and Weare & al, is due to Reed, 
and was tested in the eastem Pacific, a region of stratus or trade cumulus 
cloud. ?he formula may break d m  in the high curmilus towers of the western 
Pacific. ~tenrath and Iamb's formula is due to Bernhardt and Philip; it 
is considerably more sophisticated than Reed's, and their value (180 
watts/d ) , if correct,' goes saw way to reducing the high net heat flux 
found by Reed. Esbenson and Kushnir used an algorithm due to Berliand: it 
contains a quadratic term in cloud amount that was absent in the Reed 
formula. =benson ard Kushnir's esthte is also substantially lower than 
-'S. 

1 Estimated by averaging from faur~seasoMl maps, rather than an 
annual map. 

2 For minor CampOllMts (Qb, Qs) the authors use the smaller of the 
contour intewals shm. 

some relevant contours are not labelled in Esbenson and Kushnir's 
map; the values quo- are subject to confinration with the 
authors. 

3 
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However, none of the formulae make any attenpt to allm for regional 
differ- in cloud type - m r  in any subjective bias by abservers, in 
estimating c l d  amount in amnilus-tuwer conditions. 

Regarding back xadiation, considerable differences occur between differat 
authors' formulae; however, s b  the range of values obtained is small, we 
shall not examhe these in detail here. 

All esthtes of latent heat loss have been made us- a foxmula of the 
fom: 

Qe = Ce (U, m - U (9w - qa) (3) 

where qw, ga are specific humidities appropriate to water at tempexatme m, 
air, respectively; U is wind speed, and (ma) is the airsea temperature 
difference. Different authors use different expressions for the !'bulk 
transfer coefficientgg, Ce (U, mqa). 

Values of Qr and Qe may differ by as much as 60 watts/m2. Part of the error 
may lie in neglect of a 'Isalt correction1t - Weare et al. estimated qw with a 
formula appropriate to fresh water. Not all authors give their formulae in 
sufficient detail to be able to track down such subtle points. 

However, (3) must break down in sufficiently light winds, because free 
convection can carry mdemte (and presently poorly knmm) evaporative heat 
fluxes even under zero-wind conditions; i.e., Ce (U, Ta+) is singular at 
zero wid speed. 

Presently used formulations for Ce (U, Ta-) for light wind conditions are 
due to wuiker, and to Liu & al. Reed, Weare & d. and Biung all used 
-1s formulation; Esbenson and Kushnir used Liu & d's formula, while 
Hastenrath and Lamb used a constant Ce of 0.0014. 

However, Ekmker's fonn is based on BCNEX obsemtions that are rather sparse 
at low wind speeds, and all wind speeds below 5 m/s are given a single value 
of e; i.e., the singularity is ignored. Liu et alms formula seems better, 
but it was not tested well against observation at lm wind speed. 

In pmctice, the singuhrity is likely to manifest itself when winds are so 
light that the Monin-Obukhov length - which is essentially the thickness of 
the layer in which the ordinary bulk formula can be applied - is less than 
the typical height of the ship's obemation platform, typically 10 m; under 
such coditions, the obsewation platform is likely to sample spasmodic 
ggthermalsgg rather than a mechanically turbulent baundary layer. ?his occu~s 
for wind speeds less than about 3 m/s. 

I 

On a mooring at OOS, 150"E, such wind speeds occurred nearly 50% of the 
time, in August-September 1985, so we could expect significant e m r s  in 
estimating latent heat fluxes in this region. F'urthemre, ?tJ-ITa was seldrnn 
less than 1.5"C; such large air-sea temperature differences inply large 
values of Ce. There is a further minor puzzle here: Hastemath and Lamb, 
Ware et al., and Reed agree that an average value of (W-a) f r m  merchant- 
ship data is only 0.5"C. Hopefully, this puzzling discrepancy will be 
resolved. 
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More funaamentally, hmever, there is a need for direct obsewations of 
latent and sensible heat fluxes, and calibration of them against a revised, 
lcrw-wird version of the hi& fonnula (3). 

So far, we have not discussed the oeamgramc reasons for believing that 
the net heat flux esthtes tabulated above are all too high. The first 
attempt to see h m  the ocean disposed of such large net heat fluxes in the 
western equatorial Pacific is due to Niiler ard Stevenson, who considered 
the annual mean heat m e t  of the waters enclosed by the annual mean 28C 
isotherm in the Pacific Ocean (also the 26O-C is0the.m~ in the Pacific and 
Atlantic  ocean^). Mass continuity ensures that annual mean flows cannot 
advect heat through an annual mean isotherm; hmever, seasonal f l m  can 
generate an If&dy fluxt1 of heat across the isotherm - e.g., if seasonal flm 
anomalies are into the enclosed region in winter when the water is below 
annual mean temperature, a net cooling will occur. 

Niiler and Stevenson concluded that (in the Atlantic) the ElaMn contribution 
to this ltseasondl advectiont1 term should only be about 0.04 watts/lrt, with a 
contribution of similar mgnitude from the geostrophic flm; i.e., they 
concluded that seasonal advection was negligible. Though their argument was 
loose, it seents unlikely that their estimate axlld be in error by the factor 
of mer 100 neded to be significant CCRnpared to the fluxes tabulated above. 

On the other hand, Niiler and Stevenson estimated &dy diffusion thrcugh the 
broad base of the 2 8 X  pool, us- estimates from Crawford and Osbomts 
turbulence masmemnts: they found that, away frrnn the equator, heat fluxes 
4-12 watts/mz wuld pass through the 28O-C isothenn from this cause, while 
within 1 degree latitude of the equator, heat fluxes of 40-150 watts/m* were 
possible. The area average was about 5-19 watts/d over the 28"s pool; this 
ampared guite well with the area average of the net surface heat flux f m  
Weare et al., which was 22 watts/nf . 
More recently, hcrwever, (3sIRO scientists have obtained results suggesting 
that Niiler and Stevensonls estimate of turtxilent heat flux throU#l the base 
of the surfam mixed layer are too larye. The argument is based on the 
observation of a number of temperature and salinity profiles in the western 
equatorial pacific; typically, salinity starts to increase rapidly below 
about 4Om, while tenperatwe r e m h  muglily Constant dam to 60 or 8Om. 
Within the depth range 40-80, the stratification is so strong that mixing 
can only occur by wind-induced turbulence: an eddy diffusivity can be 
estimated by considering the salt balance of the top 60 m. ?his diffusivity 
can then be used to estimate heat fluxes. The salt balance places an upper 
bound on the diffusivity of 2 x 10-5 m2/s leading to a heat flux of less 
than 3 watts/lrt. 

The error in Niiler and Stevensonfs argument regarding turbulent heat fluxes 
is primarily due to extrapolating crawford ard osbornls ObSesMtions f m  
the central Pacific to the western Pacific, a m& quieter and less 
turbulent region. If we accept their conclusion reganling seasonal advection 
of heat as being correct within two orders of magnitude, it folluws from the 
recent cSIw3 results (and equation (1)) that the heat-flux esthtes 
tabulated above are all incorrect. 

Evidently, substantial progress has be& made in understarding h m  the small 
SST variations that are so important to ENS0 take place. Hmever, before 
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n eyers et &. 1s results can be turned into useful quantitative tools for 
understarding climate change, mre must be done on improving the empirical 
formulae used in their calculation. 
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The medmmms ' of a&ange between the shelf sea and the coral Sea in the 
Great Barrier Reef province include very low-frequency (seasonal) 
fluctuations in the poleward-flowing East Australian -t, upw?=.llixq at 
the shelf break hluced by relaxations or reversals of the prevailing 

peculiarities of circulation around reefs on the outer shelf. -s in 

over the past decade but r[lost activity and 
during the 1980s. The me&axhs are presented within the CO- of ocean 
dynamics ard their amymm=s for the 
Reef, inclwdeterrmM tion of residence and 
water, nutrient fluxes into the shelf sea fram upelling processes d the 
trajecbries and fate of living or other material released into the shelf 
sea fram the reefal systems. 

southeast tradaJinds, tidal mixing involvi.tq flcrws and intemal waves, and 

identifyiw, ' andquantify~theseprocesseshasoccurred 
has taken place 

of the Great Barrier 
times for lagcan 

-- - 
II EXPBXTICXl1984-1985, RESJELS) 
~ A B A A E ~ S ~ ~ X ~ J J Z D I X E I A  

ma3 pEIA(IIc -CIF !Im3 BANW SEA (SNEnXm 

Netherlands Institute for Sea Research, Den wlrg, TW&, TIE Netherlands 

m e  faJ hydrographic data available on the upper wa- of the sea 
tend to suggest upellirxj canditions during the smthea&lrronsoon and a 
strong stratsification with dmmelling dur* the n0-t wird m n s  (w, 1957). Assuchchaqesbetweenseasanscouldbeepctedto 
affect nutrient Concentrations and hence biological activity in the surface 
waters of the area (e.g., Biruwo and Ilahude, 1975), a annprehensive study 

characteristics durixrj both mmnal periods. Preliminary results suggest 
inaeed up and acrwn-welling CQrKlitions as Mcated, in particular in the 
eastern part of the area, notwi- ' the presence of stratification . 
during both seasolls. Nutrient concentrations were f& to be 
significantly hi- &ring the southeast mnsoon, again in particular in 
the eastern part. 
P- 'on, microbiology, algal assemblage, meso- and macro-zooplankton, 
acouStic surveys) biamass ard bio-activity in the area were clearly 
enhanced during the southeast mnsmn. 

- wering hydrography, and various biological 

on mst criteria tested (e.g., chlorophyll, primary 
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WIND FmmE INIx#H) BY 
HYO am1 
mrea ocean Research and Development Institute, Panwol, Republic of Korea 

m e  surface winds generated by tropical stonns were investigated usiq the 
wid data abtained at the 10-m high beach tmer in meju Islard, near the 
East China Sea, in August 1985. As the isallobaric low praportional to the 
gradient of the isabars approaches the coast the rapid incmase of wind 
speed is sirmlltaneously ahibited due t~ mass flux collvergence tc;rwards 
falling pressure. 
M c a t i o n  of the PlDvement of tropical stoms in the East china sea. 

DI general, the real. wind fields may constitute gradient, isallobaric and 
frictional retarded wind ccnnponents. W relationships of ageostrophic, 
isallabaric and gradient wind ccnnponents to the absenred ones are discussed 
considering the dynamic concepts and given here with an analytical lllDdel 
for the prediction of marine wind speed and directi on. 

- IN T€E MARINE - IAYER 
m e  nature of isallobaric distributions may give a good 

~us.tralian Institute of Marine Science, Townsville, Qld, Australia 

~easurement of phytoplankton primary prduction over several years in the 
centrdl m t  Barrier Reef prwince and adjacent East Australian currmt 

sedsonal and spatial variability in pxcduction are of similar magnitude. 

associated with major meteomlogical events such as mnsmM rains or 
cyclones, but no clear association between p- 'on antI intrusive 

could be -ted. H i a - p w  'vity events are usually 
dcnninated by laryer (>lo um) phytoplanktan. m n v d y ,  under appropriate 
low-eneqy wird and tidal conditions, phytoplankton bloams m y  develop 
within enclcsed or semi-enclosed reef lagoons and thereafter be flushed 
into- ' waters. on a regional d e ,  early summer primary 
P- 'on rates in the oceanic caral. sea were low and relatively uniform. 
Hi- P- 'on was measured near Papua New Guinea and the Solumn 
IS~&, westing local upelling or tlisland masstt effects. abserved 
levels of variability in phytoplanMan standing crop and primary p- ' on in the GBR shelf system require that sampling designs ant~ frequencies 
sufficiently dense to capture p w  'vity events of short duration ani 
limited spatial extent. 

inaicates that % o m t 1  levels of primary prduch 'on and SeaSondL, within- 
Pronounced short-tezm increases in p~~&~ction (UP to lo-fold)  an be 
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satellite photosraphs shcrw, in the mean, t w  narrcrw bancls of cloud that 
form an assymmetrical I V  shape in the tropical Pacific: one band lies 
along 5-10'N, the ather angles eastsoutheast fram Papua N W  Guinea. 
Rainfall and latent heat release in these bards, and in the Irdonesian- 
Australian mnsoon rain bards to their west, drive the major wind systems 
of the tropical Indian and Pacific  ocean^. % winds in turn I ,  drive the 
ccean CUlTents of the region, and play a larye role in d e t ~ r m l q  sea 
surfa~tmperatures(SST); buttherainfallterdstocccuraVermaxFmain 
SST, so the a- and ocean circulations act on one another in a 
closed, feed&& loop. The system is unstable: one dramtic manifestation 
is the El Nino-sauthern Oscilla~on phenomenon, which every few years 
brirrgS drought to Irdonesia and Australia, and heavy rain to Peru. To 
predict these droughts, we nust understard the coupled tropical ocean- 
atmsphere system &te deeply on all time scales - the diurnal to the 
interanrrual; present understanding of the system is briefly reviewed. 

m e  annual mean depth-integrated steric height P a d  stream function 
the world ccean are calculated fram a Sverdnxp mDdel of the world ocean; 
with Helleman and Rosendein's (1983) annual mean winds. The 
parameterization of friction is unspecified, but friction is assumd to be 
importarrt only a l q  western b0UTdarie.s. W circulations arcrurd 
Australasia, New Zealand and Malagasy are calculated as 17+4 Sv, 29+7 Sv, 
ard 4+3 sverdrcq?s, respectively. 
mre accurate flow edmtes in the Southern Hemisphere than have 
previously been obbmed ' fram sv- Xdels. 

of 

li.rclusion of island effects results in 

The calculated world field of P is campred with w e d  depth-intqrated 

Levitus world data set; agreaent with observations is generally good, in 
both hemispheres, though a large unrealistic zonal jet occurs west of the 
south tip of south Africa. The observed difference in annual man P frum 
Western Australia to Irdonesia suggests a Pacific-Indian ccean throughflcrw 
of about I2 sverdrups. 

m e  d e l  caldatians are repeat& with the Indonesian passages closed. 
In the nsodel, the Indian ocean lxccm2s very much "colder"; the predickd 
drcpinPwuldbecreatedbyauniformdrwpof temperatureof 6'Chthe 
top 500 m over the en- southern Indian Ocean, with snraller changes 
elsewhexe. 

steric height, relative to various depths of no motion, abtained fram the 
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A ~ ~ a F T € E I E E D W I N c U R K l X C , ~ ~  
JSJ!U?RCGCOEREYi3IXiDJXXEIT 

Division of oceanography, Habart, Tas, Australia 

The w i n  Current accelerates down a pressure gradient into the 
prwailw wird. In the present model, this gradient is maintained by 
convective coolins of the k m ~ i n  ctxrm=nt waters towards an ecnrilibrium 
temperature that k i e s  with latitude. 
eastern pm%ry current behaviour, the 
h t = e s b g n o n - l i n e a r l p .  - 

l ? x z F I * ~ ~ - ! l E E - s E A s  
-L- 
Iamnt-Daherty Geolcgical Obsewatory of Colunbia University, Palisades, 
New York, USA 

?he Idonesian seas -resent the only tropical i n n  link, 
connectirq the reservoir of warm and fresh surface water of the western 
Pacific with the eastern m a n  m, while transforming it thmugh 
vertical mixing and 
water flux between bath oceans thruugh this link is estirrated to be 
considerabLe and have large-scale, per ha^ glabdlde, imp& on the 
ocean and climate. 

Various estimates of the mean throughflaw transport have been made, using 
different methods. A summary of these estimates, which also briefAy 
indicates how they are derived, is discussed. clearly, there is agreement 
a21y3119 all of them that the mean flm is from the Pacific to the Indian 
Ocean, but there is a wide raqe of estimates of its magnitude. 
little evidence is available as a basis for speculations on magnitude  an^ 
time scales of throughflaw variability. 

interaction on its way. The heat and fresh- 

Very 

KTMIO I324tam 
Department of Geophysics, Taho3ar University, Sendai, Japan 

An outmop area of the North Pacific Subtropical Mcde Water (SMW) was 
investigaw, mainly based on the published surface temperature maps. 
Following a series of studies by Masuzawa, we regarded the 16"-19' C 
temperature band in winter as the outcrop area of SMW. ~n the cooliq 
season, the bandmoves southward and crosses the KbmsJu '0 Axis whose 
poSitianS lie between 37' and 35' N. Then the band rapidly widens and 
stagnates there during winter. ?zlis fact reflects the formation of SMW, 
wfiichwassupprtedbyacancsete~ieofthe existence of a deep mixed 
layer at 300-400 m depth. The intemmual variability of the outcrop areas 
was also preserrted. Years of l m  temperature correspording to a larye 
m t  Of SMW formation Were 1974, 1977, 1978 and 1984. 
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WALL- 
Jarnes cook University of North Queensland, Townsville, Qld, Australia 

obsemations of m t s  in the -t few xetres of the ocean are now 
possible with  in^ gmundwave HF radar techniques.' These 
observations are restricted to the ccast (0-2OO)an) because the groundwave 
mode of radio-wave propagation is particularly lossy. However, the 
backscattered echoes are not contaminated by ionospheric dynamics as in the 
overthehorizon radars which use the same badkscatter process. 

horizontal Scale of variations is that of the Wina field when the wird is 
fluctuatiq as in squalls or Storms. Divergence (+ and -) in the &a- 
velocity field identifies localized upell- ard siriking. It is argued 
that the observed scales of horizontal fluctuations, an3 the associated 
diveryence ard canvezgence patterns in the surface flaw field lead to the 
accmnulation of buoyant material in oceanic front lines. 

Alffsw lNmacrKa? RI 'IHE WEXcEm €!?aFxC 
mNIDNHI 
Institute of oceanolcgy, Acaderm 'a S-Ca, 7 Nanhai R6ad, Q-0, China 

wrtance of the wester Pacific in air-sea jnteraction is addressed with 
shcrwihg a strong codation between the eddy streqth in the East china 
Sea ard El N& events, for which a hypoulesis has been praposed. 
project of Qlinese -deny of Sciences;, which will last for 5 years, has 
started this year in the Philippine sea to examine the hypthesis and to 
really urderstard the meridional process. 

preliminary results from the first QNlise ampleted by the end of 
CtAnber 1986 were showed. 
revealed. 
dnracteristic of eddies, which is different frum traditianally - acoepted 
m e  - a northward man flow. - (11) Branduq ' of the western baundary 
current near Bashi channel -the current gets into the sauth Qlina Sea fram 
north of w o n  atd a r n ~ ~  back to the western Pacific fram south of Taiwan. 
(111) High salinity core at abut lOOM in the south and l5Om in the north 
of the mippimi sea suggests that the water mass in the Fhilippine Sea is 
samewhat characteristic of the subtropical water, which needs further m. 

A 

Some striking circulation features were 
(I) western boundary calrrent edst of Luzon and Taiwan is 
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Naval Ocean Research an3 Develqnnent Activity, NSrL, Mississippi, USA 

Aglobdl, rnrmericalmcdelisusedtoexaminetheseasonalandinteranrrudl 
variability of the pacific to Indian ccean througfrflow. 
equatiuns are the nun-linear, shallow-water wave equations for a single- 
layer redfuced-gravity rmdel on a spherical grid. The latitudinal extent of 
the model is 71'N to 66's. The grid spacing is 1.25' in the midiondl 
directian and 1.5' in the zonal. TD within the resolution of the model, 
realistic coastline g-try and island chains are utilised throughaut the 
mdel damain. Although the horizontal and vertical resolution of the -el 
are very coarse, the study is presented in the spirit of providing a 'first 
order' a~xrximation to the seasom and i n t e ~ m  wiability of the 
Indanesian throughncw between the Pacific and Irdian Oceans. 
forcing utilises.the Hellerman-Rosenstein clhatolqy for the first 20 
years of the mDdel integration in order to arrive at statistical 
equilibrium; dsecpently, the Fleet Numerical oceanographic center marine 
win% fram 1977 to 1 9 8 4 , ~  applied. Prelhhaq exprhents reveal a mean 
thpphflcw of 7.3 x 10 m /sec with a seasonal variation of +3.5 x 
10 m /sec. m e  mal swations also revealed significant interannual 
variations of the throughflow precjepq and during the 1982-83 ENS0 event 
with magnitudes of up to 4.5 x 10 m /sec. -bents in which the 
throughflcw is blocked were also examined in order to assess the effects of 
this inter-hsin transport on the circulation within anti near the Irado- 
pacific ~~nveqence region. 

% model 

?he wind 

Institute of oceanography, Nha Trang, Vietnam 

% geosbropNc current of the East Vietnam sea (south china Sea) was 
calculated fmm the seasdnal mean density distribution by the dyMmic 
method relative to the 6004ecibar reference surface. 

It is clear that, in bath main mDflsoolls, the cyclonic current always 

the centre of Vie- the c=urrent near the coast is dkected to the south. 
existsinthewesternpartoftheEast,Vietnamsea.  th the north and at 

m e  divergent zone is situated along the coast and it m e s  near the coast 
inthesOuthernpartFnsumnaer. Alongthemainaxisoftheseathe 
currentis- to the northeast, but in summer this dinktion is mre 
-le than in winter. ?his tenclency of the current exists only in the 
layer fmm the surface t0 depths of 200-300111. Below this depth the 
current has the inverse tendency. 

- 48 - 



Isapycnal analysis of mixing between water masses of the lidanesian 
archipelago ard the Indian Ocean has been shown to overesthate the flux of 
Pacific waters through the axhipelago. M l y ,  the overestimation can be 
LIP to fifty pement in volucw. 

TO quantify volumetric exchange rates accurately, the analysis of mixing 
must be irdependent of the type of mixing a d  the layering of the water 
masses. RMS nniltiparameter analysis involves a minimum of assuqtions and 
(3ctraCts the maximcrm of information fram oceanographic data. 
estimates for transport through the Inaonesian archipelago based on rms 
multiparameter analysis ard currents in the outflaw area into the ndian 
Oceanwillbepreserrted. 

V0lLn.e 

A SW-mvEL lmclmlx NEnKEa IN mlz XEm? RXzm 
GW- 
Flinders University of South Australia, Adelaide, SA, Australia 

A Development Aid Project has been negotiated between Australia and the 
ASm countries for the study of tides d tidal menarena. 
opration is of prim impartance for many reaso~ls: 

(1) 

W region of 

In this extensive shallm-water zone cuqrising a cmplex collection 
of gulfs and straits, the variability of the tidal signal is very 
great ard possibly greater than in any other region. 

TIE region is unique in that it provides interconnection between two 
xuajor oceans. -re its gecgraphical position, straddlm the 
equator, allcrws for the transport of heat over vast spatial scales. 

(2) 

The ASEAN sea-level d t o r b q  axray of som 27 new inshmen tal 
installations, supp1emnti.n~ a similar rnrmber of existing stations, 
represents a strategic facility in the continuing study of the inter-ocean 

. .  

. ,  

*. . .  
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l l a E ~ ~ l N ! I H E W . E Z E Z W ~ C o c E A N  
IXEJIJMEIXM 
csm Divhion of oceanography, Hobart, Tas, Australia 

 re -torial Umkarrent (EuC) is one of the primary eastward-flowing 
currents of the tropical oceans. U- of the variations in its 
transport in the western Pacific is imprtant-in our UnderStatxtbg of 
oceanic heat fluxes and the dynamics of El N h  Southern Oscillation (ENSO) 
event initiation. 
ocean circulation skrdy (WEpoCs), a joint Australiaw-ican project 
studying the cirarlation of waters of the tropia ocean between 140"E anii 
l55'E. 
primarily CID, nutrient and velocity data. current-=- 
M3oriTlgs aMained six-month records of velocities in Vitiaz Strait, St 
George's channel, and the -torial urderaurent at 150"~. 

?2re mc is one foc=us of the Westem Equatorial Pacific 

Quises were cmpleted in mid-1985 and early 1986 which collected 

Early results indicate the follawing: 

4) 

5) 

strorq northwestward flaw through Vitiaz Strait which does not appear 
to vary seasonally, thus providing a ccoltinuous source of southem 
waters to feed the Euc. 

A sixqle eastward flmhg core of the Undercurrent amml200 m depth 
of magnitude 30 cn/sec dur- the southern winter and wring. . 

~eversal of the westward flm Wing the southern samer, 
resulting in the developxmt of a second and distinct -twaxd flm in 
the upper 100 m. 

, 

~n increase in the speed of, and miability in, the EUC core bing 
thesouthernflzrmner. 

Large amplitude (20 cn/sec) semi*- barodlinic tidal signals 
extending frnm the surface into the core of the urdercurrent. 

Joint Institute for Exine and A-ic Research, Honolulu, Hawaii, USA 

ming the Western Equatorial Pacific ocean circulation study (WEPDC;) , 
tw9 joint US-Australian expeditiom were made to the region north and east 
of Papa New Guinea. The first e>rpedition took place during June-A~qust 
1985, during which the southeast made Winas influenced the ccean 

cakhctd W h g  January-Febm 1986, at the height of the Northwest 
Mrmsoan. 
Northwest Monsoon, and was absent during the Southeast Trades. 
Guinea coastal Underaurent (NGCU) was abserved during bath periods, 
sugyestixq that it is a permanent feature of the c-ation. 

circulation in the Solanrm and Bismarck seas. T h e ~ ~ t i o n w a s  

w i n g  along the PNi: Coast was pmnounced bixqthe 
The New 
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IXrhJ the Sautheast Trade wh, the hia-salmty of the NGCU is 
fend at a depth of about 160 m at 143'E, and lcw salinity fram river 
runoff extends to a depth of ahout 50 m. '12re high-salinity core is faund 
at about the same depth during the Northwest Monsoon; however, high 
salfnity water is upelled to the surface near the ccast, and the fresh 
river runoff is generally confined to the upper 15 m. 
struzbm also clearly reflects the coastal UpwellixJ during this period. 

 he thermal 

l!mmmxnm BsxxL OF SIImaYs tmm32ITrn IN PIE 
LFMJRXRW 
Eastern Scientific Catre, Vladivostok, USSR 
ALURINEEV 
scientific Research Institute of -lied Mecham 'cs and mtheInatics, 
-, IJSsR 

Horizantdl tempera- and salMW gradients can be great at hydrolcgical 
fronts. 

and salinity gradients at the layer baunaaries has been suggested on the 
bask of the hypthesis of sideways convection connecting the temperature 
hersion in the T h r  Sea with the advection of waters with higher 
salinity due to evaporation on the Australian shelf. 
solutions of equatians of oceanic convection were found for various types 
of boundary coladitions m e  analysis of these solutions shows that the 
spatial oscillatims of the vertical *cteristics caused by B-effect 
take place in the ocean ard their frequency is defined by the ElaMn 
parameter value. 

A mathemti& mDdel describing the stratified seawater layer 
motion on the mtatiq Earth in the presence of predetermined temperature 

mct s t a t i m  

E - - - m I D M B C l R m  
!ZER3DJPMJR€?AY 
coastal Studies Institute, rpuisiana state University, ~ a t m  m e ,  
Imisians, USA 
m24mAAKEF 
Centre for Oceanolcgical Research and Developmmt, Jakarta, lrdonesia 

A sigd.ficant flux of m s ,  salt ard heat f r m  the Pacific to the Indian 
Ocean basin via the Indonesian archipelago has been suggested by various 
investigators to bear crucially on the b a l m  of heat, fresh water, and 
mss in the Pacific and the Indian Oceans. 
of 1.5 sverdrcrps (Sv), more recent workers have by inairect mans 
detennmed ' significantly higher d u e s  for the possible thmqhflcrw: 
Gdfrey and Gelding (l981), 10 Sv: Piola an3 Gordon (1984), 14 Sv; Fine 
(1985) , 5-6 Sv; 
transport. 

Since WyrUci's (1961) estimate 

and FU (1986) , us- herse methods, 6-7 SV net 
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lzre prechhant pathways are generally believed to be the deep passages 
mrth ard south of Tbr. 
between Bali and Irnrrbok I s l e ,  iS SecQTd only to the T h r  passages. An 
array of 21 current meters, supplemented with pressure gauges, and 
quarkr-annual CID surveys were run aver a 14-mnth period (~arruary 1985- 
March 1986) to study the dynamics of exd-nnge through the Lmbk Strait. 
Our STD data shcrw that the Pacific Subtropical mer Waters ard Northern 
IntenEdla ' te Waters have penetrated thraugh the Jatd Sea, into the Lmhk 
strait, and out into the m a n  Ocean. Our current-meter data dur* the 
northern winter indicate that a persistent southward net flm into the 
Inlian ocean is 
strong northerly pulses are driven by typhoons ard tropical cyclones 
transiting the T h r  Sea fram east to west. 

In transport capacity, the Lnmbok Strait, 

by 4-7 day pulses of north.. flm. ?he 

our secx3ld current-meter deployment, during the - m- W Y  to 
July), shows an even stranger mean flaw into the InliaIl ocean, as -. cur estimate of 1.5 SV net transport througfi the Lmbok Strait 
alone cyclone phases) from uur current-~ter data supports the 
hi* vdlues of thmqhflow for the entire archipelago deduced by Piola and 
Gordon and -rey and Golding. 

# 

CX!EANCUREENfFIEIDINTEE-~C 
HIlxDNIsImh 
Hydrographic Dqarhent, J a m  Marithe Safety Agmcy, WO, Japan 

oceanographic abservation cruise * to the equatorial region every 
winter. It was intaxled to mnitor long-term variation of the ccean 

current -ts have 
been rnade by CID, shipborne Doppler current meter and drifting buoys. 
Fram three cruises, it is beccmzirrJ clear that the Ocean-current field is 
not simple, as shown in the statistid current map. currerrt directim 
and/or speed change year to year and meso-scale eddies seem to exist 
fnainly 
February, a westward flow of the south quatorial currerrt had been 
replaced by an 
5Om, asso~iated with a relatively strang flow of the Equatorial counter 
current. I 

Since 1984, the I@kup'aphiC Deparbimt has been ' a n  

in the western Pacific circulation. 

the area north of about ="N. It was observed that, in 

flow in the surface layer above a depth of abuut 

The &-west CCrmpQnent of current velocity ( W s )  along 143-142'E in 
February of 1985 and 1986 were cxnnpared. 

- 52 - 



of Faculty of Fkheries - IPB, Campus Draxqa, 
m r ,  bionesia 

Dm effect of the regional Mplsoonal wind on the ocean transport in the 
Indanesianseashasbeenewrmned ' by means of a barotrapic primitive 
mrmF?rical model, w l y h q  the monthly mean wind field as the driving 
force. Realistic bttm toposraphy and linear dissipation were 
hrpomted in the mdel. 

'Ihe exper- meal intemtlng ' results which suggest that the regional 

seasonal tiae scale, but is.neg1igible on an annual basis. 
. wind field has a significant effect on the associated transport an a 

mil33 the sauthern Halk@ms winter, the wind field drives a flow into 
the Indian Ocean with a magnitude of 4 Sv, wheseas during the southem 
annmer the flcw is in the opposie direction; i.e., into the Pacific 
ccean, with a similar magnitude. 
circulation will also be &.sa=&- 

connections with the lary-e 

Typical profiles of temperature, salinity and oxygen within the basins of 
the zone and the present knowledge of their intenxnnections are reviewed. 
Rates of inflow of Pacific waters into the basin system and cunpmsabw 
outfluws into the W a n  ocean are estimated. The large-scale distribution 
of these outflcwing waters at in- ' te depths in the eastern equatorial 
Indian Ocean is shown. Sam evidence of time changes at depths helm 
2000 m in the Java Trench is presented. 
about the lq-term stability of these deep basin waters is discussed. 

Other more lhnited infomation 

sm z E v H ; w A N D  -G IN !IHE sarra (EINA sw, mix aF 
!ImnANDANDMAIALxaslzzAlIT -- 
Marine Science Department, Faculty of Science, QrulalaIqkOrn University, 
Bangkok, a'lailanl 

principal muse of fluctuations in sea levd is the tide. 
'he type of tide is analysed us- the ratio of the anplitudes of the 
diuxnal and semidiurnal c!on!stitllE?nts. In the south mina sea, the tide is 
p12Linly ai-, while in M a &  Strait, it is semidiurnal. Frrpn the 
muthtotheheadoftheGulfofThailard, thetidesvaryfrummixed 
(principally d i e )  to diurnal to mixed (principally ddiuxnal) . ?zre 
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mean range in the Gulf is about 1 m. 
occurs in November and mhhnum 
south coast of w a n d ,  they are Mae& in June or July and lowest in 
February and March. Lang-term variation of yearly E L  at mid-Gulf and on 
the Andaman coast is relatively stable, but stations near the head of the 
Gulf of ?hailand show rising sea level or submeryence of land. 

mnthly MsL-in the Gulf 
June or July. In Malacca S b d t  and the 

Department of ~ e t e o r o l c g y ~ ~  oceanogra~hy, Quezon city, Philippines 
-A- 
Rosenstiel School of Marhe an3 Atmospheric Science, Miami, Florida, USA 

ional, non-linear numerical IllDdel is used to investigate the 
perdent winl forcing such as 

A- 
baratropic circulation generated by time-de 
the land and sea breezes. 
withstrorgandm2ezatebreezps, dabaywithreefandtroughunderthe 
influence of strong breezes. The results of m i &  simulation showed 
intarstlq ' circulation patterns changw in consonane with the veering 
winds. 

' 

Four cases were cansidered: a flat-bottam bay 

-aF THE €!fwxQxL axuIlTKm OF laX.Ez3- =KIAA- 
SiUEUZEA-wrlaINplE-aF- 
-!mNammm 
Env-tal Section, Mining Technology Division, kpartrmt of 
Resources, Ba@mk, W a n d  

The physical condition of water masses in the Gulf of Thailand is 
investigated with seven 512x512 scens of NaAAsatellite digital Advanced 
Very H~#I Resolution Radiometer (AVHRR) data. Digital data process- was 
prfoxmed using q e  software and 
Imaging system (I s). ple albedo patterns of channel 1 are mppd for the 
studies of turbidity and riverine sedimentary plumes. S e a d a c e  
tenperatme (SST) mapsareproducedframchannels4ard5byapplyiqthe 
Strang and McClain (1984) a-ic c o ~ o n  eqyation. With 
turbidity, river-plume and SST maps the water is detect& to drift frwrn 
the Gulf into the South china sea during the southeast m m n  season. 
'1zle reverse water circulation is detected when the northeast monsoon 
becanres- . 
upelling, are abserved near the west and east coasts of the Gulf in 
August and November, respectively. 

plume of the Mekong River is, in contrast, observed throughout the year. 

systems of the Inkmatianal 

zones of high albedo and low SST, possibly areas of 

from four main rivers entering the Bight of Bangkok. The -* No sedimentary pl- are detected 
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p he Andaman Sea wakr has, in August, a surface temperature approxinrately 
2.0'~ lower than the Gulf water. a'lus, W i n g  this period, there are very 
different water masses with varying circulation patterns in this region. 
The result of this study M a t e s  that the AVHRR data are definitely 
usable for W y  investigation and mnitoring of the physical codtion of 

features over the ?hai region. 

CN TSE TmXL asmxmls AND !mE SEA-= I!mcmXErn aumm BY ImExxNs 
ANDTYnmaSINTllEINM 
~ N G E T E l u Y  
-teorolcgical service of the SR Vie-, Hanoi, Vietnam 

were applied to coastdl and estuarine conditiolls in Vie- which has 
varims types of tides with significant tidal range, and the influence of 
mnscas and typhoans on thex~ is important. % multifarious stmctwe of 
periodic fluctuations of tidal type with many high-order harmxll 'c shallw- 
water ccerrponents is evident. In the classical hamom 'c analysis SChenE by 
Darwin, a few cmpmnts might be omitted. At the same tine, the 
non-tidal sea-level fluctuations caused by the mDTlsoon with one-year 
period, half-year period, 3,6-mnth period, 3 to 10 day period and t h a  
caused by typhoans with a 26 to 78-hour period, are indicated. 

The spectml and harmonic methkds of analysis of sea-level fluctuations 

Theresearchresults 
understanding of the 
Vietnam. 

allowed us to acquire a full ard mre accurate 
peculiarities of tide ard sea-level fluctuations in 

~ ~ O F ~ ~ I N T S E O C W A L S E A  
lmlm€ms- 
Marine Studies centre Fo5, ?he University of Sy3ney, NSW, Australia ' 

?he water mass of the oceanic thenmcline, amnmnly hewn as central Water, 
is believed to be f o m  at the subtrapid cunvergence. 
South Pacific ocean, the subtropical convergen~e reaches its lllDst poleward 
position, coinciding partly with the southern limit of the W A C  region. 

In the western 

The role of the subtropical ~ n v q e n c e  as a source of mtral Water for 
the  oral sea is ~anfhned by the close similarity of t e q e r a m h i t y  
cumes in &e thenrrxline of the Coral Sea, M a n  and South Atlantic 
 ocean^. profiles in the Coral 
Sea indicates, however, that the water is not advected along the shortest 
path, that is, no- thmu@ the Tasman Sea, but westwad fram the 
central south pacific Ocean. 

zero and first derivative analysis of 
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?he analysis also shows that salinities in the upper thermocline are higher 
than those found in the subtropical ~~nveryence W c a t i q  a secad source 
for central Water. Evidence will be presentd that this source iS located 
in mlynesia where high salinity water appears to be formed at the surface 
ard sink to about 20Om depth. 
will be discussed fkum Qbservations. 

The p t h  of this water into the coral Sea 

History, Po Bax 9517, 2300 RA Leiden the 

center for oceanolcgid ~esearch ani Developrent, 
Jakarta 11001, Indonesia 

FOS 580 ~ J C  

Of CCUS= the snellius-a expedition in eastern Indonesian waters, the 
center of the world fxum the point of view of coral reef scientists, 
included coral reef research. Most issues of the prqzmue were purely 
scientific but because of the great economic importance of the reefs quite 
same attention was given to aspects of exploitation, dtoriq and 
management. 

gmxp of scientists of different disciplines can be transported to remote 
areas with all saphisticated equipment they need and that they can work 
there efficiently in cumfortable circumstances. 

eqedition was mainly ship--, which I& the -tage that large 

Eastem Indonesia is a vast area with an enormous surface of coral reef, a 
great variety of reef carmnunities and many different ways of exploitation. 
Relative to the magnitude of the managenat tasks the available research 
capability is still m e l o p d .  arxi developent of feasible 
research and mnitorirq methods were important tupics of the expeditim. 

Methods indluded aerial phatosraphy, field censuses urder 
standardized reef transect studies, taxanarm 'c inventories 
of organisms, sea grass carmrmni.ty studies, and studies of 
aspects, particularly fisheries. 

In general the nine different areas visited p m e d  to be in a better 

taken in tirne. 
blasting, pruved to be enforced strictly in mst areas. m e  area that was 
found to be most diverse, the sea arouTd the island of -0, has ludkily 
already been declared a marine park. Hcwever, because of the size and 
qlexity of the area as a whole and the generally increasing human 
pressure on the system, more basic research is uryently needed, frum 
fieldstations but also fram ships. 
cauld be of great help. 

d t i o n  than was expcted. COIEequently InanagaEIlt Iwasxes can still be 
W m t  important one already taken, a ban on fish 

III this respect other westpc countries 
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A field acperiment was Carried out to !Study water circulation and benthic 
biological p- 'vity near a passage through the Ribbon Reefs in the 
northern Great m i e r  Reef of Australia. The currents through the 
passage were phase-locked with the tide. Ixlrirrg rising tides, strong 
currents thraugh the passage generated localized upelling oq the upper 
COntltlMtal slope, enriching the depleted surface waters in nutrients, 
particularly nitrate and phosphate. Shnultaneously, on the shelf side of 
the passage, a tidal jet-vortex pair system developed, which separated 
frnm the Ribbon Reefs so that the coral reefs themselves received little 
of the upelled water. 
towards the meadas of the calcareaus alga Halimeda situated several 
kilametres inshorn of the reefs. Halimeda can acx=urrmlate nutrients, 
particularly nitrate, f m  the relatively lcw concentrations available 

than sufficient to supply the total nitmgen requirements of the Wixleda 
vegetation. 

was propagated as a bottam-trapped layer 

fram the upwelling events. m e  vtity of nitrogen lxp2lled was mre 

A tidal jet also f o d ,  offshore frum the reef passage, dur- falling 
tides ard the coral-covered offshore side of the Ribbon Reefs may be 
sustained by the mbseqwnt vertical turbulent entrahnent into the jet of 
deep, mrtrient-rich water irmrsaiately offshore fram the reef passages. 
?2le processes re&= a continuous barrier reef with only narrclw passages 
several kilarmetres apart. 

Numerical mlels successfully reprcduce the absewations of jet-driven 
cq-?wellbg and of the dynamics of the tidal jet-vortex pair system. 
lTlodel predictians are very sensitive to the details of the bathptry of 
reef passages. since such data are presently mvailable, it is not yet 
possible to use these mDdels to calculate the jetdriven nutrient 
q~ellhq for the whole Great Barrier Reef. 

?he 
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PIEWEXQZ4Nl24CIETCOCE3N: AC=RAD[IEaFCI;IMAIIE- 
m w y R I K I :  

University of Hadi, Honolulu, Hawaii, USA 

western equatorial Pacific and the Southeast-Asian Waters are the 
region of the world cceans where sea-surface tempexatme is highest and 
where rainfall is -test aver the largest contiguQus area. (2onsqmtly, 
this region harburs the largest a-ic heat source and the largest 
regia of conv&a on the globe. The region of lILaxirmrm convectian is 
subject to large north-south fluctuations of its 1-tion with the annual 

related to the sovthem Oscillation and the El N&. 
the heat is also subject to-a large net heat gain, chiefly because 
of a lack of emprative cooling. 
insufficient to remove this net heat gain effectively, which results in a 

Departarent of oceanography 

cycle, and to interannual variations in the east-west direction, which are 
?he & u&=rneath 

Horizontal ccean circulation is 

El N i b  is the process by which this 
tropical ocean.- . 

slow ammulation of stared heat. The 
excess stored heat i& remved fram the 

. .  
1 

. .  

. .  
. . .  . .  
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(xinmnzm- 
HIUjAELJ- 
National climate Centre, Bureau of Meteorology, Melbmme, Vic, Australia 

?Ire traditional notion of climatology CQnjcRUs up an image of tables and 
atlases of long-term averages of meteorological variables and synthesized 
classifications of the world into fixed climatic zones. While one does not 
deny the value of such work for a vast range of man's activities, there is 
a strong realisation now for the need to mnitor variations in the climate 
system in a Veal-timell m. 
deny the value of such work for a vast range of man's activities, there is 
a strong realisation now for the need to mnitor variations in the climate 
system in a Veal-timell m. 
With the recent establhhent of a National Clhte Centre, the Bureau of 
Meteorology has joined a number of other  tio on^ in prepring mnthly 
climate bulletins which, through the b r o a d d e  analysis of a variety of 
climate parameters, attempt to mnitor the cmthwus variability that is a 
feature of the climate system. 

W poster display will present a selection of, a d  short CarmTlerrtary on, 
the analyses and climatic irdices which are routinely prepared for the 
southern hemisphere and the Australian region each mnth by the National 
climate centre. 

OCWN (ZlXmmTcN m !t%E !lmiwxE - Nw2umRmJAm l3axmsm 
CSIIED, Division of oceanography, Hobart, Tas, Australia 

Satellite-tracked drifters were released on d near the continental shelf 
of northwestem Australia in 1982-83 as part of a survey of fisheries 
resources and the marine environment. 
triangle betwen northwestern Australia aril Indonesia was a source region 
for the w i n  current and the South Equatorial current of the Indian 
Ocean. The triaqle itself is subject to input fram the Archipelago. 
nature of the circulation revealed by the drifters is examined and cunpred 
with historical and contenpoxary f- and data. 

- R m A N D J L m  

The drifters shcrwed that the 

The 
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?he patterns of the taperature and salinity spatial distribution at the 
standard levels for the winter and sunmr are ~~nst?xcted. Sore 6685 

current meter data were utilised to 
analyze the surface layer pattern. 
hydmlcgical Okexvations are used. 

The inflow of ampmtively cold waters is frum the north through Taiwan 
channel while warm water inflcrw is fmn the south through mimata 
channel. 

In summer along the Vietnam coast at 14'N - 16'N are 
temperamandincreased salinity at the subsurface 

markedaecreased 
levels. 

The wlreau of Meteorology is develop- its m i n e  services to 
range of operational oceanographic pm3uct.s. aurerrt 

Australia 

include an 
sewices 

such as mn&id &-state pdction being e. A surface 
current prediction system is being developed for areas arourd the 
Australian coast. 
is being planned for the tropical Inciian and Pacific Oceans and for the 
Australian -ion oceans. 
these developing and planned marine services. 

An upper-ocean analysis s y s a  (using BAlmY-c dab) 

'Ibis poster describes som of the features of 

Pacific weanolcgid mstitute of th;t F=  astern scientific centre, USSR 
Academy of Science, Vladivcstok, USSR 

on the based of a many years' CID data the peculiarities of space 
distribution and spa--tim variability of fine stmcture characteristics 
in the main structural zones and the Far-EAstem seas are revealed. It is 
established that the regions with different conditions of the fine 
structwe generation are distixqukhed by their forms and values of 
statistid characteristics. We have faund SOIIP& widen- for the presence 
of relatively stable ard typical sfiall-scale stsuctures in various 
regions. These structures characterised by different forms, .space-th 
scales and profile disturbance amplitudes. 
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XXmE nrrrrrsler-x l I m x a w T - a F C ! t m ~ m ~  
M2ssIs-INm~-c 
ID-, IA-, GI- 
Pacific Oceanological Institute of the Far Eastern Scientific Centre, USSR 

of Sciences, Vladivostok, USSR 

Based on mean terqerature and salinity data isolated are structural zones 
and layers. 
developmt of double diffusion processes. It is shown that distribution 
of their parameters is corrditioned by location of inlxzmech ‘ate water 
masses baundaries anl fronts. Available energy of instability of 
temperature or salinity stratification is transformed by larye scale 
motians and dissipated in small scale salt finger or Illayer corrvectionff. 

Within their limits there are favourable conditions for the 

%e eastem Bands Sea an3 western Arafura sea are strongly influenced by a 
M311soon type climate. ?he SE ~311soon (June-Septmber) causes enriched 
upelling CorditioTlS and the Wrrronsoan (-) impoverishes 
stratified wrditions. Related to this phemremn an alterrating axrent 
pattern occurs in the area, with an influx of Pacific water during the SE 
MMSOQ~ and a p d h q  Java Sea/Indian Ocean influx (iurbq the NW 
monsoan. Ihe fauna of the -ian waters has endemic species, but is 
influenced by Pacific and Indian oceans faunas. These factors together 
make the Bands Sea area, fram a biological point of view, very cunplex. 
~n the context of the snellius 11 Expdition, two cruises, that is, Ausust 
1985 (SE nu=olsoon) ard February 1986 (NW monsoon), have been W-Kried aut to 
investigate the ~3flsoan effect on the zooplankton populations in this 
area. 

Zooplankton samples collected during these Cruises shaw that biamss, 
vertical distribution, diel migration, and species ccorrposition differ 
between the seasons and that parallels can be drawn with areas of constant 
U’gMellhg and areas of stratification in the North Atlantic Ocean. 
Biamass and resphtmy activity were two times lmer in February than in 
August, while the activity, estimated with E xbeasureslbents, per unit of 
sample remained the same. The zooplankton population reacts to the 
changing situation by an adaptation in biomass and abundance but not IT,’ a 
change in metabolis~~. Diel vertical migration is fourrd to be enhamed 
during the poor stratified pericd, sugyestirq that the availability of 

diel migratory activity. food plays a role in detennmmg a .  
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of ptempoas ai0 pyrami data ard Diacria quadridentata 
influx of the Pacific fauna in this area during the SE 

size of -hestigated taxa was ~raller CIW~XXJ the w a m x  stratified period, 
showiq an adaptation to the lower water densities. 
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5xM4?MYREwARKscNmPIc2: a x A N ~ A N D m ~ m ~  
ByIR.GEmGEcm!swEm 

I should like to start by thanking IOC, WESTPAC, John Bunt, Bob 
Harriss and their team. I also thank Keynate speaker Stuart ~odfrey, dong 
with Discussion Leaders Arnold Gordon, Matt Tamczak and David Rochford for 
their excellent work. 

After decades of inadequate ceanagmphk scrutiny, the WFSTPAC 
region, and the Indo-mcific C~nveqence that it contains, have kcare the 
fccus of attention of weamgraph- world-wide. The reasons for this 
attention are wrappd in the uniqueness and complexity of the region. 

Klaus WyrtM described it as a cradle of clkte variability: 
slight charges to its sea-surface tempera- produce aw- far-mchixq 
changes in the atmosphere. ?he thraqhflm from one tropical ocedn to 
another is unique and has effects far beyond the WESTPAC region. The 
processes of enrichment in the WESTPAC region appear to be complex in the 
extreme, and they choose to wear different disguises in different areas. 

?he equatorial region, with its currents and u n d m t s ,  and 
cOuntercuTrentS, resembles a stack of assorted squashed nocdles being drawn 
variously east and west, at differing speeds. 

'Ihe presentations cwered all the recent major expeditions, 
contemporary mdels, inbxpretations of historical data, and plans for 
continuing or future work. 

%ins and Adjacent Seas, Exchange of Water between the Oceans. 
'Ihe sessions were on: Upelling Ocean/Atmosphere Interaction, Deep 

?he group of papers on UPJlellhq included the follawing: 

- Tanchotikul discussed seasonal upelling revealed by 
satellite in the Gulf of 'Ihailand; 

- scfialk, Baars and Zijlstra described preliminary results on 
upwelling in the ~anda sea as part of the Snellius 11 
w i t i o n .  'Ihese camprehensive obsewations from a data-poor 
region were particularly welcome. velocities of 31qlday 
were measured. Flow into the Bands Sea was from the mcific 
in the south-east monsoon ard from the Java Sea and Indian 
ocean in the north-west mnsoon. 

~ultas presented data fram earlier this year shming upell- 
near the P a p  New Guinea coast during the north- west 
mmns. 

- 

- %l&, Ikew, Abel and ~'Brien dis<xlssed the transport of 
nutrients by a tidal jet vortex pair in the Great Barrier 
Reef. 

- Jmms and Mitchell described variability of production 
through the CentrdL part of the Great Barrier Reef due to 
causes such as cyclones and intensive upellings. 
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The 

described the response of the central part of the 
Great Barrier Reef waters to the meridiondl Werings of the 
weather bard. Wind events proctuced bottom enrichments of 
large horizontal extent that propagate3 inshore at W t  20 
W h y  

subsequent discussion revealed that, in many cases, the 
processes described-as upwelling did not bring mtrients -@te the 
surface. The surface productiviy was high thcRlgh. What was happening? 
perhaps transient wind mixing was involved, h t  the general inability of 
oceanography to COKE up with vertid mixing coefficients was highlighted. 
Miles Fumas advised us that the phytoplankton primary production could take 
up nutrients in a matter of an haur. What then, it was askd, do the 
ecosyste~~ do to survive during the non-upwelling season? Bhtt Tbczak 
pointed out that we oceanographers wrnplah that the mteorologists do not 
give us data on appropriate time and space scales: zt the same t k ,  we do 
not give the biologists the information that they need. 

The coastal-zone color scanner aboard the NlMBuS satellite can 
solve same of these sampling problems - unfortunately it is on its last legs 
and no plans exist for a replacement. 

One of the papers in the session that bridged several disciplines 
was that of WO-, Drew, Abel and O'Brien. It had sampling appropriate 
to the problem, which was: Why are there calcareous Halimeda mead= several 
kilcm~tres inshore of the passages of the Ribbon Reefs? 

The mad- lie on 
15-m thick banks of dead Halimeda. The authors Surmised that tidal inflm 
may have been punping nutrients f m  below the shelf &ge into the lagoon in 
the manner of Thonpon and Golding. They observed and modelled the flow ard 
found that certain combinations of reef passage width and both topcgraphy 
could generate localized upwelling and that this water was carried along the 
bottom to the mead= by a tidal jet vortex pair. 

m e  nutrient input was found to be sufficient to satisfy the 
Halimeda meadows - in fact the authors calculated that the 15-m thick banks 
had been established by 1 million wellings in the past io 000 years. 

Halirneda is capable of accumulating nutrients. 

The Ocean-At~mqhe~ Interactim presentations were lead by Stuart 
He elaborated on his Keynote Spee&. Gcdfrey. 

Hemn presented the results of using a 10-m 1 radar for studies 
of nearsulface currents and their responses to the wind. 

Hyo m i  discussed stonns in the East china Sea. 

sodusta and presented numerical model results of wind- 

K' 

driven bay circulations. 

particularly those relating to climate monitoring and tropical meteorology. 
Lh and cbughlan described E?ureau of Meteorology prducts, 

parkjer described the wrreau of Meteoroiogy~s entry into 
Opexatioml oceanography and this prmpted some spirited and, 1 think, 
healthy debate with Australian sections of the audience. 
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LI the session on ~eeg, Basins and waent seas, 
presentations were mde: 

discussed subtrxpical mcde-water formation 
and deep mixing to 400-500 m that is capped ovez in summer. 

the folluwing 

- the cooling 
The water is 

advected to the scQlth--west. The arrrount fonned shcrws an intemnmal 
variability. 

Wen described frontal phenomena associated with the Yelluw River. 

sit-ipmq presented analyses of tides in south-east Asia. , 

Immn described the ASEAN --level mnitorhg array and outlined 
the value that it will have for studies of tides, tidal PhenCgneM, and 
interannual variations. He presented Australian sea-level data to shuw that 
an El Niiio year is primarily a recovery year after a --level event in the 
previous year, 

Rochford reviewed the water characteristics of the deep basins of 
the Indonesian Seas. He had to rely on Snellius I, I3aM and SIR0 data frm 
the 1960s. Obviously, the region needs more study. He also shmd the 
Banda Intermediate Water spreading f m  the Archipelago as a plume at about 
1 000-m depth mer to Madagascar. 

papers were &citing -use 
they dealt with ccanprehensive research vessel data sets for roughly the same 
region fran the past year. It 
was a bonus for WESTPAC to get these OceaTlOgrapherS together. Incidentally, 
we learned that there were 7 ship f m  5 nations working in the western 
tropical Pacific early this year. 

The J3u, Nkhida and 

They described complex current situations. 

Godfrey presented a model 
reprcduas many of its features. 

I presented a poster on 
Sea. 

of the Lseuwin curre;lt that successfully 

satellite-tracked drifters in the T h r  

Wmczak discussed the water masses of the Coral Sea and haw they 
had a component frcnn as far south as the subtropical converyence off 
T d a ,  but reading the Coral Sea via the South Pacific. Another, highly 
salhe, component had to corne from the salinity maXirmrm in the central 
Pacific. The mture of the T and S properties also gave indications of the 
type of mixing processes involved. In the discussion, Tamzak criticized the 
Australian oceanographic anmmnity because, in general, it would not camnit 
itself to repeatd deep sections; for example, in the manner of china and 
Japan. Part of the redson for this, hmever, is that the clxzntry has a 
single civilian resear& vessel for oceanography and it has pressures on it 
to work in many places. 

The session on the Exdnnge of Water betwecm the Ooeans was lead 
by Arnold Gordon. possibly the flagship of our sessions was on the exchange 
of water between the oceans - or throughflm frwm the Pacific to the Indian 
Ocean. This really is a hot subject and this Sympcsium was its first 
airing. Collectively, the speakers left no stone unturned - historical data 
were re-analysed, &ern observations were presented, no less than three 
numerical models were described, and the plans for the Indonesian Seas 
Experiment ( I N m )  , scheduled to start in 1988, were outlined for amunent. 
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What did we find out? 

lhat the observations and models give a scatter of transport 
values for the IrxbPacific exchange, the transports ranging up to 20 m/s. 

lhat sane authors think that the thrcnqhflw ames f m  the North 
Pacific; sane, from the South Pacific. Arnold Gordon claims that the water 
properties point to the North Pacific. 

'Ihat the favoured pathway of the mvemmt is the strait of 
Makassar. 

That the models do a good jcb of showing a seasonal signal. 

The G ~ ~ L E ? Y  model showed that, if we look ahead to when the 
throqhflow is squeezed off (10 million years), the Indian Ocean will became 
6% cooler and the East Australia aUrent will sweep d m  to and around 
Tasmania like the Agulhas current sweeps south of South Africa. 

We learned frcrm m y  of the problems of instrumenting the 
Straits that carry the throughfluW. The tidal currents in Imbok Strait are 
well in excess of 6 knots. One satellite picture shmed a warm plume 
headirq tens of kilometres southward fmm this passage. The non-tidal flow 
thrcugh the passage was 2.8 Mt/s and it was found to reverse when T h r  Sea 
cyclones changed the-sea-surface slope. 

'Ihis important p h e n m n ,  the thnxlghflcrw fmm the Pacific to the 
Indian ocezn, with its consequm for climate control, dispersal of marine 
life, and perhaps modification of sediment beds, seems inadequately 
described and modelled, and mre work is needed. 

We were able to m c h  the following conclusions: 

For the processes of upwelli.rq and enrichnent, sampling arrays and 
frequencies must be designed to enable us to see what is ha-. 

More observations are needed on current responses to seasonal and 

~ n t i n u d  ohsemational and modelling efforts are needed for the 

Nevertheless, the recent e t i o n s  by many Countries have given 

short-tenn wind changes. 

study of the throughflaw between the Pacific and Indian Oceans. 

us a quantum leap in our hmledge of the Indo-Pacific region. 
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In this Symposium, we are asked to review variability in a 
region for which we need superlatives just to describe the 
status quo, so our task will not be easy. 

On a planet still affected by the Pleistocene glaciations it 
is in the western Indo-Pacific that tropical marine ecosystems 
are most fully developed. Here the warm-water world of the 
early Tertiary has been most completely preserved, and only 
here can we experience the rich fauna of the Tethys Sea that 
girdled the tropics throughout the Mesozoic, and on into the 
early Tertiary. Beyond the East Pacific Barrier and in the 
Atlantic, the fauna of the tropical seas is impoverished, and 
an east-west gradient in biological diversity of almost an 
order of magnitude exists between the Gulf of Guinea and the 
western Indo-Pacific. This is best known for coral genera, 
but occurs also in all other benthic and demersal biota: only 

-,the pelagic species, and especially those of the open ocean, 
do not so strongly follow this pattern. 

The Indo-Pacific contains the largest, deepest pool of warm 
tropical surface water that exists today, with mixed layer 
temperature exceeding 29'C over a very large part of the 
Philippine Sea and Micronesia,' where thermocline depths reach 
150-200m. This region of clear, warm seas supports profuse 
development of all kinds of coral reef: three major barrier 
reefs, hundreds of oceanic atolls, and innumerable examples of 
fringing and platform reefs on the shallow continental 
shelves. Paradoxically, the rivers between the Ganges and the 
Huangho carry 40% of all the silt discharged by all the rivers 
of the world, so the Indo-Pacific is rich also in shallow, 
turbid, muddy seas. 

.The Indo-Pacific conjunction is a region of complex geography, 
a function of movement of the Australian plate and many small 
continental blocks. Within the Philippine , Indonesian, 
Melanesian and-Micronesian archipelagos, ventilation of 
several deep basins is constrained by sill depths ranging from 
several hundred to several thousand metres. 
themselves stand on, or lie eastwards from, the largest single 
areas of continental shelf anywhere today: at least eleven 
Grand Banks of Newfoundland could fit onto the continental 
shelf between northern Australia and Thailand, and another 
four or five up through the east China Sea. 

The archipelagos 

The reversal of the monsoons over the Indo-Pacific conjunction 
is reflected as a seasonal reversal of flow through the maze 
of channels, some extremely shallow, that lie between the 
islands. The reversing currents sweep past countless capes, 

For the purposes 
the text of this 

of this Reprt, references are not included with 
Keynote speech. 
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gulfs and shelf-edges so not only are dynamic oceanographic 
processes highly complex, localised and little known, but 
there are two independent sets: one during the northerly, one 
during the southerly, monsoon river discharge and the status 
of coastal wetlands is highly seasonal, driven by the 
alternation between wet and dry seasons. 

The basic description of this complex part of our planet is so 
far from complete that variability is well known only for some 
of the fundamental climate variables, and only for some 
places. 
data for a synthesis of the between-year biological 
variability of this region, and I shall attempt no such thing. 
Rather, I shall briefly outline some of the environmental 
changes that can be expected to occur between years, and then 
suggest how some of the more important biological processes 
may be expected to respond to such changes. 

We are certainly very far indeed'from assembling the 

m i d  m h q  

It is now well established 
interannual variability of tropical sea-surface temperature, 
and so of many other environmental variables, is related to 
change of the Southern Oscillation Index (SO1 = Tahiti minus 
Darwin normalised sea-level pressure) and to the El 
Nino-Southern Oscillation (ENSO) events that occur after the 
SO1 shifts from a positive to a negative value as a weakening 
of the Trades occurs. However, even when the Walker 
Circulation is well developed, and the Trades are blowing 
strongly, there are differences between years in monsoon 
rainfall in regions further to the west. These differences 
may drive the coastal marine environment where the continental 
shelf is dominated by river discharge, as in the Bay of 
Bengal, the Gulf of Tonkin or the Gulf of Carpentaria. 

.that the principal mode of 

The environmental changes that ensue when the sign of the SO1 
shifts from a positive to a negative value are now well 
described, especially since the 1982-83 mega-event and 
especially in the eastern Pacific. 
trades and the occurrence of sustained westerly winds in the 
western Pacific foreshadows a series of Kelvin wave pulses 
that propagate eastwards in very low latitudes. Each causes a 
lowering of sea-level and a rapid rise of the previously deep 
thermocline of the western Pacific. 

Sea-level may fall by as much as 25-30cm, and mixed-layer 
.depths may be reduced from 200 to less than lOOm in just a few 
weeks. Over a wide region of the western Pacific, negative 
SST anomalies occur very early during the onset of an ENSO 
event, and the area of highest sea-surface temperatures 
(>28.5"C) extends eastwards depending on the duration and 
strength of the ENSO event. Some northerly extension of the 
warm-water pool may also occur during some ENSO events, 
producing positive SST anomalies in the central South China 
Sea. During a normal ENSO-event, SST anomalies are of 
shorter duration in the western than the eastern Pacific. 
Usually, return to their normal values after about two 
months, and the 1982-83 event was quite unusual in that these 
anomalies persisted for about one year. 

The slackening of the 
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Year-to-year monsoon variability and even ENS0 events occur as 
noise on decadal trends in SST and rainfall anomalies. For 
rainfall, long time-series are well known and exhibit clear 
decadal-scale variability. Similar trends can also be found 
in the NOAA Marine Data Deck of observations of SST from the 
1880's to the present day. These trends are consistent 
globally, but are expressed in tropical latitudes by changes 
of much smaller amplitude than in high latitudes; it is no 
surprise that this should be .so, because of the upper limit 
set on SST by the rapidly increasing rate of evaporation from 
the sea surface as SST rises. In this context, we should 
remember that, even during the Mesozoic period when an 
atmospheric CO2 greenhouse caused ice-free polar seas, 
equatorial SST s were about the same as occur today in the 
western Indo-Pacific. 

There is some independent and indirect evidence for changing 
SST s in the tropical Pacific on a decadal time-scale from 
stable oxygen isotope ratios in the dated growth rings of 
coral skeletons from Fanning Island. Though the data are 
fragmentary, there is evidence of a warming trend sustained 
through the 1960 s, and also that SST s during the 1930 s were 
about 0.5-1.O"C warmer than a decade later. We should 
note that sign and amplitude of SST trends are similar in the 
two sets of evidence, and also that the amplitude is of the 
same order as major variability on much shorter time scales in 
western F'dcific SST s. 

Biological Effects 

so much for the kind of environmental variability that might 
be expected to drive ecological changes from year to year in 
the westem Indo-Pacif ic Now, for what kinds of biological 
changes should we be examining our data sets? 

Estuarisation of the antinen- Sheif - I 

Perhaps a useful starting point would be to consider the 
immediate consequences of variable river discharge, because 
this is probably the most obvious between-year change in the 
marine environment as experienced by people working at sea on 
tropical coasts. The fauna of continental shelves in tropical 
monsoon regions contains a large percentage of species 
specialised for existence in water of variable salinity and 
high turbidity. This is a consequence of the massive seasonal 
estuarisation of tropical continental shelves under a monsoon ' 

regime, and perhaps also because the physiological cost of 
osmoregulation for fish is a negative function of temperature, 
dropping by 90% between 10" and 30'C. Nevertheless, the 
fauna of neritic and estuarine regions is displaced seasonally 
as wet season run-off is discharged from tropical rivers and 
estuarine species, such as the shrimp,Acetes spp, appear along 
the open coastline. Major seasonal shifts much occur in the 
distribution of many Indo-Pacific species that are specialised 
to water of relatively low salinity, such as the copepods 
Acrocalanus inermis, Paracalanus crassirostris, and 
Pseudodiaptomus aurivnlii or the fish POlynenn~S nigripinnis, 
Johnieops volgleri and Harpodon translucens. 

2 
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The relative species composition of the tropical estuarine and 
neritic fauna appears to be relatively unstable, as would be 
expected in such a highly varying biotope. 
of 40 species of nekton in an estuary in Papua-New Guinea 
suggested that though overall abundance was linked to river 
discharge, the between-year differences in relative species 
composition were more important in structuring the ecosystem 
than the seasonal changes in general abundance. Perhaps this 
is a general rule in the tropics, for the same thing ha$ been 
recorded for the benthos of an estuary in the Gulf of 
Guinea. 

A special case of the consequence of variable river discharge 
concerns the recruitment of penaeid prawns, obligate estuarine 
or lagoon organisms during part of their juvenile growth. - 
This relationship will be dealt with by other speakers later 
in this symposium, so that here it is sufficient simply to 
note that a statistical relationship has been found between 
recruitment and river discharge for tropical prawn stocks in 
several places: the southern USA, Mexico, West Africa,, India 
and the Gulf of Carpentaria. Where it has been 
investigated, the mechanism which drives this relationship is 
found to be complex. In the Gulf of Carpentaria, the amount 
of rainfall determines both the size of emigrants and also the 
percentage of the estuarine population of juveniles which 
emigrates each season. 

Seasonal analysis 

spawninsand- 'troent - 
More enigmatic and diverse are the mechanisms, beyond simple 
stock-recruitment relationships, which determine recruitment 
in continental shelf fish. The environmental control of 
recruitment is perhaps the most important problem facing 
fisheries scientists today, and how it functions in tropical 
seas is very little known.-- However, we ought to be able to go 
beyond the simple statistical relationship known to exist 
between river discharge and catches on the adjacent 
continental shelf (for example, in the southern Gulf of 
Mexico) to which recruitment variability is attributed, but 
for which a causal mechanism is not established. 

Any recruitment mechanism must satisfy each of three simple 
criteria: larvae must (i) encounter adequate food supplies 
and (ii) a tolerable level of predation, while (iii) they must 
complete their larval life in a suitable location to enter the 
next stage in their life history. These criteria emphasise 
matching the timing and location of spawning with suitable 
food and suitably few predators. 
temporal cues are variable, as are the conditions governing 
successful recruitment, a variety of reproductive strategies 
are utilised in all latitudes. 

Since both spatial and 

Reproductive strategies of fish form a series whose extremes 
have been called the 'big bang' and the 'hedged bet' 
strategies; in the former, all individuals spawn synchronously 
while, in the latter, serial spawning extend throughout a 
season. Generally, in temperate latitudes, pelagic 
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spawners with small, fast-growing larvae adopt the 'big bang' 
strategy while benthic spawners, with relatively slow-growing 
larvae, hedge their bets by producing many individual cohorts, 
usually spaced about three weeks apart. Synchronous spawners 
in temperate regions may use cues that enable them to spawn 
when suitable food occurs in maximum abundance,. but predator 
swamping is an alternative and in some ways more attractive 
hypothesis to explain this reproductive behaviour. 
spawning, on the other hand, is usually interpreted as 
ensuring that at least one cohort shall encounter conditions 
that ensure good survival. 

Serial 

Can we transfer this analysis of reproductive strategies to 
the tropics and in particular to the western Indo-Pacific? 
Many, perhaps most, species of fish of the tropical 
continental shelves have rather extended spawning seasons. 
Reviews of the reproductive cycles of fish.species of many 
families from the Philippines revealed that the reproductive 
season tends to include two spawning peaks about 4.5 months 
apart - the same interval as the two peaks of monsoon 
rainfall - and that there is a significant tendency for 
reproductive quiescence during the seasons of strong monsoon 
winds. This kind of reproductive cycle occurs also in 
tropical Atlantic continental shelf fish. 

Two explanations have been offered for the observation that 
spawning of tropical continental shelf species occurs 
preferentially at times of low wind stress. First, this is 
when the water column is most strongly stratified and layers 
of abundant planktonic food organisms will be available for 
the nourishment of fish larvae which may be unable to obtain a 
sufficient energy return from searching for prey in a 
well mixed water column where plankton is unstratified. 
Second, during periods of quieter winds it is less likely that 
massive off-shelf advection of fish larvae would occur. At 
least under some circumstances this is thought to lead to poor 
recruitment in some species of continental shelf fish. 

. Some organisms, such as larval rock lobsters and penaeid 
prawns, have ontogenetic or diel vertical migration patterns 
that interact with differential current vectors at different 
depths in the water column to achieve transport that will 
paiotain them in a region where survival is likely to be high. 
In the open ocean, Taylor columns and l-&e-ward gyres may act to maintain 
populations of pelagic larvae near islands and sea m t s  so that sufficient 
numbers are able to recruit to demersai or coastal pelagic populations. 

Somewhat paradoxically, it is also in tropical seas and in the 
western Pacific that the most extreme cases of synchronous 
spawning have been observed, both in fish and invertebrates. 
Settlement of metamorphosing larvae of some pomacentrid fish 
on the Great Barrier Reef occurs as 2-3 short pulses, each 
lasting about one week on about the same calendric day each 

A year, so not keyed to the lunar or tidal cycle. 
polychaete worm on the reefs of eastern Melanesia spawns at 
the sea surface simultaneously on only two nights each years, 
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cued by the date of the full-moon in October. Spawning of 
>lo0 species of corals on the Great Barrier Reef occurs on 
only a few nights (and before moonrise on each night) between 
the full and last-quarter moons of October and November, when 
tidal streams are weak. 

Detailed studies of the reproductive ecology of demersal fish 
along tropical coasts with fringing reefs have revealed, on 
the other hand, a variety of mechanisms clearly related to 
predator avoidance both by the spawning fish themselves, and 
for the young larvae. The corals, hydroids, crustaceans 
and small fish of the reef fauna are efficient at trapping 
zooplankton (and hence fish larvae) by a myriad of different 
techniques, and spawning fish tend to release their eggs in 
locations that ensure they will be carried offshore and held 
there long enough for local dissemination to occur at the end 
of the larval period. 

The larvae of many species of fish of the open tropical 
continental shelves seek shallow, turbid coastal water that 
will serve (in the same manner as for the penaeid prawns of 
the continental shelf) for nursery grounds perhaps because 
this may give some protection from predators, especially in 
the inner creeks of estuarine systems which often hold the 
highest relative abundances of metamorphosing larval fish of 
certain species on sub-tropical coasts. On tropical shelves, 
under a monsoon regime, turbid water affording some protection 
from predation occurs close inshore, along the open coastline 
and there is some evidence that nursery grounds for many 
demersal fish are not so restricted to a l & ~ m h  
habitats as in higher latitudes or - presumably - as on arid 
tropical coasts. 

What kind of variability in recruitment is driven by the 
action of environmental variability on these different 
reproductive strategies? There is far less information on 
recruitment-driven changes in stock size in any tropical 
fisheries than in temperate fisheries where year-class 
structure of populations is a routine measurement in stock 
management. Also, it is not clear whether variability in 
relative abundance is caused by differences in year-class (or 
cohort) strength or if it is an effect of different settlement 
Or migration patterns. 
several locations on the Great Barrier Reef, between years and 
over a four-year period, varies by a factor of x 2-9, but this 
is probably an effect of settlement patchiness, not overall 
stock recruitment. In the same region, statistical 
analysis of relative settlement of labrid larvae on 7 reefs 
showed that abundance did not covary between reefs or between 
years, nor yet between closely related species. 

Likewise, there is some difficulty in interpreting cases where 
stocks, such as oil sardine and mackerel in the northern 
Indian Ocean, exhibit major changes between years in 
availability at the coast in a manner apparently linked with 
differences in the strength of the monsoon: to what extent, 
in poor years, is a stock really smaller or is it simply less 

The abundance of pomacentrids at 
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available because its migration routes are different? The 
case of the oil sardine (Sardinella lon ice s) and mackerel 

deserve to b& more widely known, since it is possible to 
construct a time series of almost 60 years for relative 
abundance of these species to a fishery which has evolved only 
marginally during the whole period. This shohld be an 
excellent data base with which to study the effects of 
environmental changes on stock abundance and location, and to 
disentangle these effects from those imposed by the fishery. 

Rastrelliger availability is much less variable than 
Sardinella, and the reasons for this are probably complex. It 
is clear from the descriptions of the fishery that the monsoon 
conditions influence migration patterns each year, and that 
conditions during the principal spawning period appear also to 
influence recruitment to the subsequent fishery, which is 
dominated by the 0-group. Such a relationship appears to be 
driven through variability of the inshore production of 
planktonic food, both plant cells and small crustacea,*which 
arises as a result of different monsoon conditions eachyear 
and which seems to exercise overall control on population 
abundance. It is surely not coincidental that the Sardinella 
stock underwent a sustained increase in abundance in 1955-56 
in response to a strengthening of-the Indian monsoon after a 
period of several decades of weak monsoons. Nor that the 
almost complete failure of the 1941 monsoon was the same year 
in which the Sardinella population started a massive decline 
from which it took several years to recover. 

(Rastrelliger kamgurta) on the sout + -west coast of India 

Whether recruitment variability in Sardinella is driven by 
altered parent fecundity of by differential larval survival is 
far from clear, but both possibilities have their adherents. 
Oil sardine and Rastrelliger share the same environment, where 
both occur in massive numbers, yet their nutritional demands 
are slightly different. Rastrelliger, being the more eclectic 
feeder does relatively better than the oil sardine in those 
years when the phytoplankton response to the mnsmn is weak; 
conversely, it is argued, oil sardine exclude Rastrelliger 
from the coastal zone in those years when there is a strong 
diatom bloom. 

OPEN-OCEAN ECOLOGICAL RESPONSES - 
Turning now to the biota of the open ocean of the western 
Pacific, there is only slim evidence to show how the pelagic 
-Skm actually responds to a fully developed ENS0 event, 
but there is sufficient understanding of the dynamics of 
pelagic ecosystems to enabgle us to speculate, at least 
qualitatively with some confidence. 

All the principal attributes of the upper kilometre of the 
open ocean are structured in a locial and predicatable manner 
along the vertical gradients of light and density. .This is 
not the place to discuss the details of the layer biocoenoses 
of the pelagic ecosystem, and it is sufficient to remind 
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ourselves how growth of plant cells is controlled by 
self-shading (thus determining the depth of the euphotic zone) 
and nutrient flux - by regeneration within the euphotic zone 
and by turbulent transport at its base within the thermocline. 
In the open ocean, ambient levels of inorganic nutrients 
within the euphotic zone are extremely low and internal 
recycling is very fast. A nutricline leads down to nitrate 
and phosphate levels of -20 and -2ug atllitre, respectively 
at the base of the thermocline. Plant cells form two 
associations - a light-limited community deep in the euphotic 
zone and a nutrient-limited community above. Plant 
biomass can be modelled as a chlorophyll profile containing a 
deep maximum which we can trace across whole ocean basins as a 
single feature. 
plant growth, expressed as carbon fixation rate, commonly has 
two peaks - one on the upper shoulder of the deep chlorophyll 
maximum and one near the surface. 

We have already noted that the principal consequence of an 
ENSO event in the western Pacific Ocean is a rapid shoaling of 
the deep thermocline to about 40% of its normal depth and a 
negative temperature anomaly in the mixed layer. The 
biological consequences of this stress on the ecosystem can be 
predicted qualitatively. The thermocline will carry up with 
it the main features of the biological and chemical profiles 
that drive plant growth: as the nutricline and-the 
shade-adapted flora rise to depths where ambient illumination 
is stronger there will be an increase in plant production and 
a relative deepening again of the nutricline as nitrate is 
taken up and recycled. Increased plant growth will cause 
stronger self-shading, shoaling the bottom of the euphotic 
zone, and there will be increased sedimentation of algal cells 
and faecal pellets from below the thermocline into the deep 
sea; the size structure of the zooplankton population will 
shift towards smaller organisms, as the individual species 
reproduce and increase the proportion6f juvenile forms in 
response to a higher availability of plant cells and 
microplankton. 

In the open oligotrophic ocean the rate of 

There are just a few observations which suggest that something 
like this scenario did accompany the 1982-83 ENSO in the 
western Pacific: mixed-layer chlorophyll values on the 
Fiji-Hawaii ship-of-opportunity transect were anomalously 
high, and changes occurred in copepod populations that await 
detailed description. That an ENSO event can cause 
changes in the growth of phytaplankton that have measurable 
consequences for the global CO2 budget is clear from 
calculations made for the deficit of plant production in the 
eastern Pacific during the 1982-83 ENSO: calculations appear 
not to have been made of the extent to which a deficit in 
production in areas with deepening mixed layers might be 
balanced by enhanced production in the Indo-West Pacific. 

The tuna of the open ocean perform transoceanic migrations 
each year, and these are probably guided partly by the 
existence of location-specific features of Indo-Pacific 
oceanography. Major shifts of ocean features occur in ENSO 
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years, and massive disruption of normal migration routes of at 
least some tuna species in the western half of the Pacific 
were noted in 1982-83; in the estern Pacific - and also 
presumably in the Indo-Pacific - annual recruitment in 
subsequent years of yellowfin tuna appears to have been within 
normal limits of variability. 

Responses of coral reef biota - finally , we should discuss 
some of the consequences to coral reefs and island life of the 
changes in wind direction, storm tracks, cloudiness and 
rainfall that accompany a major ENSO event. Atolls are like 
ships under sail, structurally oriented to the direction of 
the prevailing winds and the windward reefs differ 
bioloqically and morphologically. The windward reef carries 
buttresses and surge channels which are moulded by the 
prevailing swell. It lies at a relatively shallow angle, and 
is topped by a ridge of calareous algae more able than corals 
to withstand to pounding of heavy surf. 
usually has no algal ridge, and forms a relatively steep-to 
wall bearing a luxuriant growth of large tabular and 
bracket-shaped coral colonies. 

Sustained winds from an unusual direction have serious 
consequences for such a system though, unlike a sailing ship, 
it is capable of self-repair. 
leeward reef frequently cause collapse of blocks of limestone 
and the destruction of coral colonies down to about 30m depth, 
with the surf-zone being swept clear. 
conditions, as when a tropical cyclone strikes an atoll, new 
ramparts of coral rubble may be thrown up and it has been 
suggested that this process is important in the evolution of 
many atolls. 
lnorrnall wave action to become permanent features of the 
atoll. During destruction of coral cover, there is a mass 
migration of reef fish to’deeper parts of the atoll or 
fringing reef, but recolonisation begins again immediately 
after the event, though impeded by an algal bloom on the 
exposed limestone which precedes resettlement of coral 
colonies. 

Not only on atolls, but in all reef areas, the coral colonies 
of the reef flats are susceptible to damage by excessive 
warmth - as occurred widely in the eastern tropical Pacific 
during the 1982-83 ENSO - and by heavy rainfall when exposed. 
The greatest mortality seems to occur among the more 
rapidly growing genera (eg Pocillopora, Millepora) and may be 
preceded by the general expulsion of symbiotic algal cells 
from the,tissues of coral polyps, as occurred during anomalous 
warmth at Okinawa in 1980. There is a suggestion, also, 
from events in the estern tropical Pacific,that destruction of 
the fringing Pocillo ora thickets may subsequently permit the 
C r o w n - o f - T h o r n d f i  (Acanthaste:) to attack previously 
protected but more vulnerable coral species. 

The leeward reef 

Heavy swells pounding the 

In most severe 

Such ramparts may subsequently be modified by 
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Seabirds, and other biota which depend on predictable 
biological production in eddy streets in the lee of capes or 
isolated islands, may suffer catastrophic reproductive failure 
and general mortality if a sustained shift in prevailing winds 
or current direction causes the biological process to cease or 
to shift to the other side of the land mass. Such an event is 
the,most probable cause of the complete reproductive failure 
of all 18 species of seabirds at Christmas Island almost on 
the equator, and south of Hawaii,in late 1982, when many 
species failed to rear their young and others were totally 
absent. Although such biological events were mostly 
reported for the eastern Pacific, and particularly at the 
Galapagos Islands, during 1982-83,this was probably because 
most attention was focussed on this region: events similar to 
those which affected seabirds, reptiles, mammals and fish 
at the Galapagos certainly must have occurred also among the 
archipelagos of the western Pacific though probably in the 
early, rather than the late, part of the ENS0 event. 

These, then seem to me to be the principal processes which 
should be looked for in analysing the biological consequences 
of environmental variability at all scales in a region as 
complex in all its aspects as the Indo-Pacific conjunction. 
The only substitute for accumulation of time-series .of 
environmental data that already exist for the Indo-Pacific 
region lies in the possibilities afforded by satellite remote 
sensing of the sea surface, and this technique undoubtedly 
will be essential to future success. But so great is our 
relative poverty in biological time-series for almost any 
biological time-series for almost any biological variable, 
almost anywhere in the ocean, that none should be neglected,. 
So turn out your dusty drawers and illuminate-your grFy' 
literature, and perhaps we'll be in a better position to 
interpret biological changes next time the ocean turns over in 
bed. 

. 

- 77 - 



n J N A B A n F E E I R x s . E m m I N ' I H E ~ m m M A l l x I v E s  
STJWINJXBJAEl33 
C S m  Division of Fisheries Research, Cleveland, Qld, Australia 

rima are fished throughout the tropical and temperate waters of the world 
us- three raain mthcds: purse-seining, long-lining and pole-&-line 
fishing. Most of the tuna catch of the solacnons and Maldives is made using 
a traditional pole-&-line method. 
a regular and adequate supply of suitable baitfish species. are 
small fish mainly of the families Engra ulidae, Clupeidae, Caesionidae, 
m d a e  and mcentridae, which are thrown live into the sea to attract 
tuna schools within range of the boat. 
solcmns and the Maldives where it provides a major source ofifood, much 

CSIRO/ACKAR, Solarm Islands and mdives collaboraldve research project on 
baitfish biology. The pr- objective of the research is to collect ard 
analyse biological informtion on the impOrtant baitfish species of the 
soloxrrms and Maldives, in order to pmvide the basic scientific dab 
mcessary for traditional ~wners, and in onier to allw continuing 
maintenance of supplies for the apsxhng ' tunairxhtry. 

This technique cannot operate without 

% tuna inaustry is vital in the 

employment and high expart Emlirgs. !r!hLs paper describes the new 

luqNmL~aF--SBRIWPAT-w,- 
!rfxmwD 
mBcm%.mG 
phuket mine Biological Centre, phulcet P r m h ,  w a n d  

Ihe occurrence of psstlamal penaeid shrimp was studied in estuarine water 
adjacent,to the mangrave areas at phatag-nga Bay during Januazy-D=Cabex 
1984: - Five-species of camercially important shrixp, viz Penaeus mncdon, 
P. semiflllcatus, P. IIberqlll 'ensis, P. indicus, and P. japanicus, were fouxi 
intheseareas. P.merqul 'ensis was the duminant species. -major 
cccunnx of postlarval penaeid shrimp was &tapenaeops is spp., followed 
by p: Ilberqui ensis. 

The peak 
OccUrreTlce of penadd shrimp was found h J U y  and- during the 
southwest mnsoon season. 

?he rnrmbers and monthly vaxiations of other groups, such as ~cetes spp, 
Caridea and Mysidacea were also recorded durjng the period studied. 

The maximLrm rnrmbers of penaeid shrimp were fourd at the 
statlan in the inner part and on the west coast of the bay. 
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Qxkteen species of seagrass ard juveniles of six pnaeid prawns of 

Cairns and Cape York. 

tmpical seagrass species, SCLch as Enhalus acornides d Tblassia 
hemprichii were uncarmru3n. 
Halaphila decipiens was the only species fourd in depths >llm of water. 
The mst rnzmerous penaeid prawn species h the cmmercial trawl catch, 
Penaeus esculentus and Metapmeus erdeavouri, were also the PlDst m n  
juveniles in seagzass beds. 
in northern Australia will be an important aspect of the long-tenn 

camrrercial importance were found in seagrass beds in coastdl waters between 
The pioneer- sedgrass species HaloCtule Uninervis 

ard Fophila ovalis were the nost ccIIIFI3n seagrass species. Often duminant 

Seagrass biomass was greatest in 2-6m of water. 

preservation or management of seagrass habitat 

XnanageInent of the pram fishery. 

W classical Ricker and Beverbn-Holt stcck-recruituent models are simple 
de- 'c mcdels hrprating stcck+eperdent and density-depndent 
forms of ccnnpensatory population regulation, respecrtively. Recmt 
generalizations of these I[y3dels allm more amplex functional forms but do 
not consider specific errvir~nmental effects on recruitment nor do they 
allm consideration of randam variation in mrtality rates. 

'C p a w  of marry mine organisms are highly variable and detemum&~ 
recruibent mDdels typically explain only a small fraction of the variation 
in recruitmnt. At least two alternative approaches to deal- with 
recruitmerrt variability are possible: 

'c mxuitm=nt ncdels with specific envirommtal inputst de- 
(2) melop - 'c m t m m t  rcdels. 
are descrihd and illustrated with examples for a number of crustacean 
populations. 

Extensions of the Ricker and Beverbn-Holt recruitment lllDdels with explicit 
environmental terms are described and applied ta crustacean populations. 
prablems in param- estimation d t i n g  fKlm autocorrelation in stock, 
d - t ,  and errviromental data are described and rm=dellhq approaches 
basedontime-ser ipc analysis are considered. Stochastic analogues of the 
Ricker and Beverton-Holt mdels are also described. These models do not 
explicitly incarprate w h m t a l  factors but do allow specification of 
variability in mrtality rates. 
recruitment levels for both mdels is described. 

Recruitnent . .  

(1) develop mre campla 
or . ,  

In the paper, both approaches 

?he full prabability distribution of 
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Finally, the implications of caplac lrmltistage life-hitory stxategies in 
c~ustacean populations are evaluated. W is considerable variation in 
reprductive characteristics amng the cxustacea (e.g. , forms of parental 
care, incubation period, duration of larvdl phase etc.) with important 
implications for resilence to erxvirmmntal -tion atyl recruitxmt 
variability. 

-PBClTIc-aF-- 
-DEUKl!€S 
Marine Science mate, University of the Philippines, Dilhn, 
Philippines 

Hi- 'cal (cluster) analysis partitioned the Indd.Jest Pacific seagrass 
ranges into seven discrete prwinces. These are: (1) Province A 
(Fhilippines, Malaysia-Singapre, Indonesia, New Caledonia, Papua New 
Guinea, Queensland, Micronesia, Vietnam, q.ukyuIsland, Thailand, Eorneo, 
India, Sri Lanka, WUlM and Hong Kong); (2) province B (Kampuchea); (3) 
P r w b  C (Japan); (4) P r o v b  D (Fiji and Tangs); (5) Province E 
(Korea); (6) Wince F (New Zealand); and (7) Province G (Western 
Australia, New South Wales, South Australia and Tasmama ' -Victoria). 

A high prabability exists that Halophila, due to its wide distributian frum 
T%mda to Japan, represents a major connection between lllDst of these 

the region. m e  phytoseosraphic affinities of the Ellilippine seagrass 
flora is primarily to the west with the Irdian ocean ard southeast aian 
coasts. 

pminces, strongly influencing the clustering of the sea- floras in 

n a I m ? m m ~ I N ~ ~ - I N - -  
=PGALZIN 
-le Pratique des Hautes Etudes, Laboratoh de Biolqie Marine et 
M a d o g i e ,  Paris, 

w e s  in the ccnnposition of coral-reef fish d t i e s  on the fr-* 
reef, the barrier reef and the outer slope of the northwestem part of 
MOO-  IS^& (170308s ard i4g05o1w) were examined over 15 Zllonths in 1982- 
83. nese data inaicate the relative constancy of the carmm;mitie~ between 
successive years ( ~ ~ 8 s  AW0.18). 

This constancy is nut, -er, apparent over a longer t h e  period. 
Between 1976 and 1983 the of fishes increased by 39% on the frhqing 
reef (from 3.5 to 2.2 fish m- ) and by 47% on the barrier reef (frum 1.4 to 
2.0 fish m- 1. ming this time the trophic ccarrposition of the cormmunity 
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also chaqed significantly with an inc=sease in the praportion of 
herbivorous fishes (Acanthuriaae Scaridae) and a decrease (except the 
Labridae) in the proportion of caxnivomus fishes (aetcdontidae, 
Holccentridae, Mullidae) . 
lzris intemnmal variation is attrihtd to the degradation of the coral- 
reef system observed in French ~lynesia since the early eighties. 
area of Moo- live coral m e r  was reihced to half its original arcaunt 
between 1979 (35%) 'ard 1982 (19%). 

III this 

. .  
I 

A u m U z Y ~ a n d I A N m ~  
CSm, Division of Fisheries Resear&, Clweland, Qld, Austrdlia 

Between 1963 ard 1965 an extensive trawl survey of the 
-iA was mlerbkn to assess the feasibility of cumnercia pram 
trawling. It also pxuvided valuable data on an Wished d- fish 
camrmslity. 

Since then, the Gulf has becanae a mjor pram fishery with trawl- 

af of 

ea dead. 

In April 1985 an3 April 1986, two trawl w e y s  were Out 
replicating a subset (-58) of the sites fished in April 1964. <?he fishing 
method, sites, fish taxormy and thm of the day were duplicated. The 1964 
and 1985-86 datasets were ccltnpared for cumposition and relative abundance 
of the main fish species. 
three zones by the pre-trawling faunal canpsition and the fishiq effort 
over the period 1970 to 1985. 

overa~, the aburdan~e of& species showed a decrea~e c=pared to the 
pre-trawl- values. 
'apnicus, thepredarmnan ' t species in 1964, was present in low numbers in 
'B85 and 1986. The Leoignathidae were still one of the dominant families 
though changes have occurred in the relative importance of the various 
species within the family. changes in the fish campsition appear mre 
p- in the areas of high fishing intensity. 
cccur with some day-species shcwirq increases in abmdame. 

The significance of these differences is assessed in view of the largz 
yea~to-year variations inlidzed by the 1985 and 1986 surveys. 
suggest that fishing effort is an important factor in explainirq the 
observed differences in the data sets. 

within the survey ana, sites were gracq?ed into 

For example, the mcanthid paramonacanthus 

my/niat variations 

We would 
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problems affect mangrwe plantation darelaprent, including lcrw pH of 
acid sulphate soils, damage by seSarmid crabs and overgKlwth of seedlings 
and sapliqs by urdesirable grourd flora. 
affected by the presene of the mud lobster (l%alassina ananrala) , an 
abumlant -tam, which occurs in the terrestrial fringe of mangrove 
forests. 
the normal tidal level. 

?his hestigation was conducted near the KEI W i  River, ~ I X J  province, 
southem w a r d ,  where Thalassh ~DUXX~S (XNered a p p d t e l y  40% of the 
mudflat area. 
at 1.5m by 1.5m spacing. ltjo years later, Rhizophora apiculata, R. 

Lurrmizera littom, m i a  aqallocha ard cerbera dollam were gracing 
on the w. R. apiculata, R. H I U ~ M ~ ~ ,  B. parv iflora, B. cylindrica, 
B. orfiiza, B. sexangul a an3 Ceriops decardra, had reduced survival (65, 

56, 64, 68, 71, ard 68%, respectively) six mnths after planting, 
due to the canbination of low pH, crab damage ard weed gmwth. It appears 
that establ- a mqrove plantation in an area characterized by hi@ 
densities of mud lobsters is mre difficult than soft mud areas with lawer 
U densities. 

'12lese variables are further 

Mounds are ccmstxuctd until one half of their height is abave 

TVenty two mangrwe tree species were planted in July 1983 

in the space 

!t!mKmL-IN-ma: -(xlpEE13I36=- 
1- 
=a€nLmTAY 
School of Biological Sciences, University of Sydney, NSW, Australia 

1-e and predatory copepods have been monitored at stations off the 
southeast Australian coast. The copepods (which capture ard ingest fish 
larvae hatched in the laboratay) increased in field nmibers 2-3 weeks 
after summer ard autumn peaks in the ConcentratioIls of fish eggs. 

seasonal ard annual miations in the concentrations of fish eggs, fish 
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7 .  
i .. . 

project is focussed on the byat& fish species ccnnpositian fram the 
foreign vessel trawl fishery in the Arafura Sea. W are two fishing 

h the fishery - Taiwanese e t s a W k r s  operational since 1971 
and mailand stem-trawlers. 
late 1985 and is presently utilizing alnnst unfished stodks to the east of 
New Year Island. 

A eiminary examination of cammunity c9mracterist.i~~ (diversity an2 
dnmln;ult species) and their relationship to habitat type and fishing 
intensity was made. clay habitat was found to have lower diversity than 
sand or m e  habitats an the "naJ'1 fishing -. Marked differences 
indaminant species capasition between %eavSy-fished" grrsunds (Taiwanese 
pair-tsawl data) ard "ImP graurr;ts (Thai. stem-trawl data) were abserved. 
However inteqzetations of these differences cannut be made withcut further 
salriples and sediment analyses- 

The !chailand v e n m  entered the fishery in 

m i v e  living corals possess an impressive array of historical 
mh- proxy data, in sc~me cases going back a t h m  years, which 
can be retrieved using novel field ard analytical techniqye~. These corals 
are widespread throughout the tropicdl Indo-mcific, and therefore could be 
used to prnvide huge local henbrics of pl- data for many aeveloping 
countries. 

htnq those mDst useful in scientific, e c ~ n a ~  'card social ternrs are proxies of drought, river aischarge, rainfall, land-use changes, sea 
temperatuz~~ and pollutants in terrestrial runoff. 
temporal resolutions as short as one m t h  are possible. 
intemnmal variability in the intensity of these parameters is of great 
value in dynamics and oryanismsm-s_nvimranmp_nt interaction, includihg the 
effects of human activity. 

Long proxy sequems at 
Kncwldge of the 
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~ C W ~ ~ I N r n ~ Q F ~ ~  
m A w N s E E D ~ I N ' I I I E ~ ~ m ~ m ~  
M L s D p m l r z u ¶ m m  

In order to study the interannual variability in the dccurrence of penaeid 
prawn seed, colldons were made with Midnapore-type shooting net, drag 
net, hapa net and ring net once a fortnight 3 to 6 days after the full m n  
and new flyx3n and 2-3 days before full and new Mxln days, in addition to the 
regular collections made on other days at the Hooghly-Matla estuarine 
ccnrp?lex near the mrgrove forests of sunderbans. 

of Marine Science, c a l m  University, Qlcutta, Irdia 

Quantitative studies revealed that the occurrence of Penaeus mncdon, 
P. M a s ,  Wtapenaeus mnocems and M. brevicods was qui.& high during 
the prermnsoon sedson (FebruaryJune). In the p o s ~ s o o n  (octaber 
J m )  and 
decreased. 

lirmzigration of post-larvae into the estuaries was fourd to be greater in 
intensity in high tides, spring tides, full m n  an3 new Mxln days ard 
night hours. post-larval aensity per unit area was found to be influenced 
by the different hydrcgraphical parameters, such as tidal circulation, 
txmperature, salinity, rainfdll, dissolved oxygen, transparency and totdl 
wspendd solids. 

In the fitted multiple regression nzdel, an analysis of variance was 
performed to test the significance of regression co-efficients where the 
salinity, water tenp=rature and total 
highly significant. 
(species and size-wise) e the seasonal availability are dedlt with in 
this account. 

- 

(Wy-S-) Season their nu&XS uflzally 

solids were abserved to be 
?he magnitude of the resource and its camposition 

Mangnwe3 and seagrasses often form highly p3xductl 've coastal d t i e s .  
There is now increaskg evidence that these ccmmnmities may play vital 
roles in the m r t  of adjacent coastal fisheries. Any change in these 
ccammmiti- m y  thus have an effect on the coastal fisheries. A review of 
the mangrove literature shows that, while a reasonable m t  of data is 
available on the geographical and other physical variability of mrqroves, 
there has keen little quantitative biological data collected on a tine- 
series basis. 
fall studies, but even these are mstly about a year in duration. Yet, in 
mafly areas, loTlg-term meteomlogical data sets already exist and these 
could be used to correlate and predict biological changes at the local 
level. At the regional level, studies can be m d e  to d e w  ' whether 
biolcgical variations are correlated to regional physical changes like the 
El N h  Southern Oscillation. 

?he best long-term data sets in this region are fxum litter- 
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It is sugyested that long-term tine-sx ies pmgmmmes on litter 
ProdUct-1 'viw on a regional (e.g., WEISTPAC) Scale be hitiat& as a f h t  
step to fill this gap. The use of SpeCtrdL analysis in the design and 
analysis of such projects is briefly discussed. 

The geographical distribution and seasonal aburdance of Pleurobrachia 
glabosa are analysed on the basis of 806 sax@es taken f m  91 stations in 
six sea areas along the southeast Coast of China -April 1960 to January 
1.979. W ctemphore species is seen in small quantities without evident 
annual peak, W e  it is founlthrouFplaut theyear in southem njian in 
great quantitites with three peaks. ?zle annual quantity decreases 
w l y  fmm scuthem njian AOrthward and appears in shorter periods. 
The peak rlmbers of annual quantiw deQceased as well. It is tentatively 
concluded that, at lm temperatures (less than 25.5'C), salinity is a 
limiting factor for the distribution of P. glabosa, whereas tmperature 
takes over Control when salhities are lclw (less than 27.5). T-S diagrams 
may be used to predict the 
useful for aquaculture by preventing unnecessary losses due to the 
predation of P. globosa. 

of ltbloamst' of these anirtlals ard be 

lEE INmr OF a3mmmAL AND l!lARmE BclMIC SIsmNUs rn rn Q?mr BARIuzR 
REEF11A(3aTrANDmEFPMlTm~HlElMENT-m 

James Cook University of North Qld, Tmmsville, Qld, Australia 
G U W ~ ~ ~ B J C N E S ~ I ~ F G I B = M A S  

Studies carried out aver several years on a tropical estuaxy have shrrwn 
that substantial amunts of terrestrial and marine humic ccnrrpaunds are 
transported to the inshore region of the GBRL thmughuut the year. 
humic substan- have a marked effect on the chemical behaviour of several 
traa elements. 
of freshwater in the mmnal season and are soon precipitated on contact 
with seawater, the m r h  humics are more soluble in sea water and are 
prc&- by vast bloams of the blue-green alga Trichcdesmium, which oaars 
thmqhout the GBR region. These marine humic substances exhibit high W 
absorption and fluorescence. 

%sse 

W s t  the -trial h d c s  are mbilized by the input 
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EUE?XEiKZELOFATFfSPICALSMUSHW=~l=EXSl= 
K x X ~ ~ & n G - H E ? G c E A N  
Fisheries and mine Science Centre, Unh?rsiti Perkan 'an Malaysia, 

AII attan@ was mde to characterize a tropical shallm-water demrsal 
ecosystem off Terengganu, east coast Fednsular Malaysia, using the  PATH 
lnodel developed by Polivh and Ow (1983). Trawling was CO- in the 
area to provide same of the input param- rquized by the model; e.g., 
diet ccnnposition, total mortality, an estimate of prcducb 'on/b~amass (P/B) 

Talipat, m a  Terengganu, Malaysia. 

ratio d man biamass of trophic gmups present in the system. 
collected allawed the -on of a preliminary mdel showing 
schematically the biamass p- 'on budget and the major pre9-predatar 

like P/B ratb aryl food 
and acceptable raDdel is stressed. 
canditims under equilibrium. 
sirmllation lzlodel for tropical xdti-species fisheries xmagemnt aryl 
prediction of the abundance and caqcsitian of fish stocks with changing 

Data 

pathways present, in the system. The importance of certaul ' key--= 

mPXtH is presently limited to static 
Expansion and nzdification of =P= into 

'on values for the generation of a good 

patterns of fishing is disarssed. 

8 6 o - G R E B r ! l u m ! z E ~ ~ ;  
axzNJIm€m 

a 

Queenslard National Parks and Wildlife Service, Tawnsville, Qld,_Australh 

m i v e  synchranaus fluctuations in annual nesting density have 
characterized the green turtle rookeries of the Great Barrier Reef in 
recent decades. 
before European colonization of the area in the mid-1800s. 
fluctuations are not due primarily to changes in the size of the green 
turtle papulation but rather changes in the proportion of the adult females 
in the feeding grcxnds which actually prepare to breed in any one year. 
Also, it has been demnstrated that there is a high positive comation 
be- the Scuthem Oscillation irdex (actually the NovembercJarnrary 
lxuwin a-ic pressure) and the green M e  nestiryJ density on the 
Great Barrier Reef rwkeries two years later. ?zre sparse data fram 
-ia suggest that there is a similar ~ S O  effect on the green turtle 
roakery of ScQzthWestern Java. 

The pathway linking the ENS0 effect and green turtle nesting density is not 
clear. A possible linkage via seagrass/algae nutrition is being 
investigated. whatever the cause, this ENSO green .turtle nesthg density 
Mationship has potential predictive value that could lead to impmved 
maMgement of sea turtle stodks. 

Same simifar fluctuations have keen identified back to 
annual 
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&trine Science Institute, University of the Philippines, w z o n  city, 
Wippines 

mjor hypotheses explaining the unusually high species richness in 
smthea& Asian seas can be divided into those based on crverlapphq ranges, 
high regional survival, high rates of local speciation, and caxbined 
effects of high speciaAdon nearby with high regional survival. Each 
competing hypaulesis has been evaluated in terms of the types of spcies 
range maps that would Support it. Available data are inadequate to ~ 

discrimi~te confidently between hypatheses. Harever, if efforts are 
airectedtowardsdeteminhq key species boundaries within Spcxific 
sampling regions, it may be possible within a few years to determine what 
primary factors are responsible for the hi@ species richness of the m i n e  
biota of the area. 

The fisheries of southeast Asia c a q r h  a single bicgeosraphic Unit, 
unique in the mrld, subjected to a broad w e  of fishery and 
enviranmental conditions. Within any ane country, limitations in the 
available data in the, space or degree of t a x o d c  aisCriminatian inhibit 
the development of a conceptual urx3- ' of the fisheries useful for 
lMnagement purposes. By facilitating the intema tional caparison of data 
sets, ea& nation in the region can contribute to a more camplete analysis 
of the character and responses of the wqlex fisheries and obtain mre 
useful advice for research costs already hested. 

In a pilot study of a published research trawl data set fram the Samar Sea, 
Philippines, a tabular sorticq/divisive hi- 'cal classification methcd 
was used to detexnhe which species were responsible for a division of the 
fishery into two mbammml 'ties encmpassbq 10 to 30 and 30 to lOOm 
depths. 
below 30m would have limited consequences for small Scale fishkg abcrJe 

If Widespread, such a division would sugyest that trawl fishing 

this depth. 
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me micmnektm is mainly canposed of pelagic shrimps, fishes, euphausiids, 
mysids and larger chaetognaths. m e  total biamass abundance of micronekton 
is high in the high latitudes in the Bering Sea in the Southern Ocean 
aruund the ~ntyxtic Cmveryence, above 10 g1OOOm . The bicrmass iS less 
than 1 g/lOOOm in subtropical zones, namely around 20"N ard 20's. 

the northem part of the North Pacific and in the Antarctic. shrimp 

Ocean, lxrt the bianass iS canpratively high in the tropical waters. 

Euphausia sxyba prevails. ?zle mysids are a small but consistent 
cmpnent of m-n in the m a g i c  waters. The trends of 
ccnrrposition and abundance in each locality have been studied. 

Fish 
microneMon is dcrminant throl&mt all the WateES studied, particularly in 

microneMan is cumpaxatively scarce in &ing sea and in the southern 

m u s i i d s  are the dcrminant cxxnponent in the Antantic where'the krill 

LCWI3S 
Graduate school of Tropical Veterinary Science, Jams Cook University of 
North Quenslard, Tcrwnsville, Qld, Australia 

Parasites have been sham to be capable of driving host population cycles, 
even when the parasites are apparently rare. III marine CLuStacean 
resources this has not yet been damnstrated. Hcxlrever nemertean egg 
predators have been iqlicated in depressing crustacean stocks after 
pertubation caused by the fishing -. Acrcss mrthern Australia no 
yea~to-year variability in -ids on prawns was &served except in the 
north of Gmote Ey1-t. There, Epipena eon wens infects and sterilises 
over 20% of Penaeus semisulcatus in late auturrm/early winter. This level 
of parasitism is theoretically large enough to exert a controlling 
influence on prawn populations. The m i d  frequency distribution is 
highly aggregated and described by the negative bincnninal distribution 
(pe9.564, M.011) 

've death is significant. The implications of the current 
population dynamics theory with respct to the capability of this parasite 
to w e  prawn abundance will be discussel. 

consequently, direct prawn mrtality is negligible but 
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BFPEEUJIS 
CSIED Division of Fisheries Research, Marine 
Australia 

JT'IRPHWIL 
CSIRO Division of Fisheries Research, mine 
Australia 

Wmrataries, 

Laboratories, 

 IN^^ 

North Beach, 

%e reek labster resource of P.ornatus in the T o m  Strait is shared by 
Australia and FBpua New Guinea and it 
technologically and cultuaJ.ly diverse fisheries. 
islan+basd diver fishery, a trawl fishery in which a larye prawn-trawling 
fleet had opportunistically exploited rock lobste~~ at particular times of 
the year and a tanglenet fishery. 

manag-t regb for the resources has restricted the activity of the 
trawlers for two reasons. 
was intrcducd Papua New Guinea to protect the tradition fishing of the 
indigenous people at Yule Islard, at the eastern and of the Gulf of P a p ,  
which was believed to rely on rock lobsters that have w e d  through the 
trawl grounds. 
trawling for rpdk labsters, intrcducd by bath CoUTTtsIes because of concern 
over the direct and often substantial impact the trawl catch has on the 
size of the breediq migration. 
the size of the annual. breeding emigration determineS the size of the 
breeding stodk which, in turn determines the size of the fishable resource 
in subsequent years. 

In 1985/86 the diver fishery in bkh Australia ard Papua New Guinea had a 
record catch which mainly reflected the exceptional recnli-t into the 
fishery of a single y m a s s .  
apparently cane f m m  the 1983/84 breeding stodk, which was thought to be 
small. 

cxnnposed of three separate 
a-Lese include an 

Initially an annual quota for the trawl catch 

?his was subsequently extended to a SeaSMdL ban on 

?he unlerlying asscmpstion has been that 

record level of recmitmmt 

Reevaluation of the evidence indicates that because of the short run of 
data available, and tedmolcgical changes that have occurred in the 
fisheries, it is not possible ta detect any trends in the catches of the 
fisheries. Hmever, the data do not support the hypothesis that the 
catches at Yule Islard indicate the size of the bre&ing stcck or are 
affected by the trawlirq in the Gulf of Rpua or Australian waters. 
Insufficient informtion is currently available to d e s e  the underlying 
factors affecting the fluctuations in the levels of d t m e n t  to the 
stock of P.ornatus in Torres s m t .  
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Tropical seagrass axmnunities are extremely important ecolcgically, in the 
mamgawnt of som fisheries and in the conservation of dugongs and green 
turtles. There is only limited information on seasonal, intemmual ard 
loxqer-tena changes in tropical seagrass cmmmities. 

FOIE years of dtorirq of five seagrass cmmmily types at Groate Eylardt 
in the western Gulf of m t a r i a  showed significant seasonal changes in 
leaf P- 'on, shoot densities, abave-grourd bicmss anA leaf-area 
indices but non-significant changes in belcwqmuxxl biamass, species 
cumpsition and distribution. Interanrrually, there were non-significant 
changes in species canpsition and distribution for all the ccnmrmnities. 

For nine seagrass species and two cydaneS, studied in the Caribbean ard 
the western Gulf of caqmtari, there were no significarrt pre-versus 
post-cydlone changes in shoat densities or in patterns of distribution. 
For a third cyclune studied in the western Gulf Of carpentaria there Were 
significant decreases in the distribution of seag~asses in the impacted 
area durimg the cyclone ard camplete removal of the seagrass camunities 
over the 12 mnths following the event. In tatdl, 145 sq Ian of seagrass 
were removed whi& represented 16% of the seagrasses of the Gulf of 
m i a .  

A study of &e aerial-phatographic records of the extensive seagrass 
cammities of the Wanga Wallen Banks, Moreton Bay, showed non-significant 
changes in the distrmon of seagrass over the past 25 years. 

?Ilese data suggest that factors affecting the distributian of seagrass 
camamities are -lex ard long-term. A major stmcturing force can be 
cyclm dthcolgh they cause -lex short and 1q-te.m perturbations of a 
varying nature. 

. Q U ? B C Z ? F I D W ~ A S E A Q Z A S S ~ C l F ~ C X I U ? O l ? ~ :  A 
IIYRmmzwKHEL 
PCRXZARD, DJW-anlGR- 
CSm mine Resear& Laboratories, Clevelard, Qld, Australia 

the coastal waters of the Gulf of carpentaria, primary prcducers supply 
larye amounts of oqanic carbon to the marine environment. carbon is one 
of the major means of energy transfer and the pathways of energy flow are 
based on phatosynthesis and plant growth. Micro-organisms are major links 
in the detrital marine web, the relationship between &&ria ard 
the primary prolhrcers is be- studied. 
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mst of the bacterid p a o n  is f m - p  gp seagrass sediments. In 

d ). plis mans that about 9 g C m 
sununer, the bacterid prcduction 4 g 3  m 
Pe-Fgrass p-ion (10 g C m 

bacteria (if they are about 30% efficient). Hence mst of the rate and 
efficiency of transfer of carbon between the different trophic. levds will 
dramatically influence the production at higher trophic levds. 

d ) was approximately 30% og 

d would be needed to supprt the prduction and respiration of the 

ACCO- to the present author's classification, the Seychellian and 
Vietnamese coral reefs belong to the same ecological and geographical 
classes of stable m~lsoan plaffom reefs. 

sparsity in the coral distribution. 
appmxhately 50 genera is exceptionally close both between the areas in 
amprison and is in general confodty with the Australian Great Barrier 
Reef. ?zle local coral associatiuns are mrkedly specific within certdin 
reef landscape types. 

This leads to an qpctation of reef body zesorption and to an ordinary 
generic coral association of 

A trawl was 1963-64 in the southeastern Gulf of 
carpentaria to provide basic data necessary for the long-tern mnagarent of 
the prawn fishery that was then devel0pi.n~~ in the Gulf. A diverse dmersal 
camnuniw was facnd, with 357 taxa of fish and cephalopods, and 284 taxa of 
crustaceans. W i c  similarities in the spatid distributions of fish ard 
- t a m  were found, de- ' by the envhmrlmental dlaracteristia of 
different areas and depths. 
occurretlce and in the abundance of nearshore species particularly. These 
changes refl& seasonal and mmn-related changes in water tempram 
and salinity, wether with seasonal pattems in recruitment to the 
dememal populations. 

. 

' Seasunal changes occurred in the depth of 
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lzle histay of othe Indo-Pacific denersal fisheries mgyests that 
undesirable changes to fish axl crustacean camunities may result from 
intensive fishing. ?he by-catch of prawn trawling in the mf of 
Carpentaria includes a substantial catch of fish and non-prawn cxustauans, 
tugether with laqe sedentary benthic macrofauna such as sponges. % 
selective rermval of m-taryet species, ard habitat modification as a 
result of trawling, inlicate that long-term maMgement of crustacean 
fisheries in the Gulf of Carpentaria should consider the dmersal 
cammities as a whole. 

Acanthaster planci, on the Great Barrier Reef is descr- using a-24-year 
series of data collected by a wide variety of methods. Owing to the large 
size 
provided the limitations are recognized. 

Trerds in the large-scale pattern of starfish papulation aburdance are 
analysed to describe praperly the southward migration of starfish 
outbreaks. Although the starfish ard its coral prey r e p m  annually, 
the grcrwth rate of the prey is relatively much sluwer than the gruwth rate 
of the starfish. ?his hysteresis is evident in the migratory pattern of 
the starfish ppulatians. Present inaications are that the starfish 
-tegYis- ' withrespecttoitsfoodresourceandthis 
permits cycling of the predator and prey. 
fine-grained then m l e r  oscillations of the predator, ard its prey, 
should be observed. 
short pericd for which there are reliable data. 

patchiness of theReef, the data-are inqlete but-still useful, 

If the strategy becames mre 

?he future trend is uncertain given the relatively 

. .  
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This paper Summarizes recent work on the structure and function of tropical 
mangrove food chains in Australia. The sthulus for this work was provided 
by: 
ard (2) a belief that current M s  of -e food chains (based mainly 
on work in Florida) were inadequate for OUT species-rich forests. 

In tropical Australia, the praportion of mangrove leaf production removed 
by insect herbivores ramps fram 0 to 35 percent for different mangrove 

when leaves are shed frum trees in low-intertidal regions more than one 
guarter of leaf fall is shredded inmediately by d d  crabs prior to 
micmbial aeccanpoSition in subtidal regions of the forest. 
crabs is likely to be much higher in forest regions not regularly flushed 
by tides. 

?zle densities of jwenile fish are greater in mangrove habitats than in 
adjacent seagrass flats. 
zoaplankton. 
mangrove and seagrass habitats, crab larvae, the major die- cmpnent 
for juvenile fish durit-q reczuitmnt periods, are significantly mre 
abundarrt in mangrcrve habitats. 

(1) the lack of hafledge of food chains in SE Asian mangrcrve areas; 

species, but averages less than 3 percent for the dominant forest types. 

-ion by 

The major food source of juvenile fish is 
W e  the densities of total zooplankton do not differ amng 

R E x a m m m A M ) ~ o F c x w A I s ( 3 N m ~ B p ; R R I E R H E E F :  
IMPJxQaImEcRlmmxMmm 
HULWsNMARal 
Australian Institute of Marine Science, Tawnsville, Qld, Australia 

'It10 laxye-scale exprinents have demonstrated that recruitment of corals to 
reefs may be more geosraphically restricted than previously suspected. 

one experiment - Helix mpriment - was coact& on Helix Reef in the 
central Great Barrier Reef region examhhg coral d b e n t  at the d e  

localized, with I[IDS~ recruitment occurring either on or within 1.2 km of 
the reef. A second experiment - the Cross-Shelf Transplant Exprht - 
involved three reefs Spanning the width of the continental shelf in the 
central Great Barrier Reef region. This eqeriment demnstratd that: (1) 
coral recruibmt is generally regionalized across the shelf; (2) the 
recruit txmmnmity closely resembles the adult cammunity; and, M3st 
bgartantly, (3) even if widespread dkprsal of planular larvae did ocar, 
local selective factors would cause spat mrtality in such a manner that 

of 5-10 lan. Tkk q h t  mnstrated that coral d m t  is h i m y  
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the survivors would resemble the adult comxnmity. T~LIS, two factors 
contrhtiq to the control of the coral conmmrnity are regionalized 
recnri.tment ard regiohally specific mortality patterns. Management of 
coral reefs should take these factors into account: when zoning reefs for 
public use. lhey are criticdl in deteminhq the success of recolonization 
after n a m  such as cyclones or cmm-of-thorns starfish 
infestations or man-made disturbances such as dredging or oil spills. 

! 3 x x t z a F € 3 3 m n H m ~ ~ :  l m E 7 m a s F B M C a T c a ~  
GTSIWEZRE 
Univmity of the philipphes, Vbayas College of Fisheries, €hilippines 
RBREXXACO 
~ureau of Fisheries and -tic ~esources, Fhilippines 
D€?iQJlX 
I-, Philippines 

'Izle present alntrmm uses lJrdenltilized cam-rate data to infer the 
state of the de;ITlersal stodks of the Philippines. Utilizing mer 1 200 

trawl hauls (uiiled primarily fram BEAR files and existhg 
literature) and the swept=area method, the decline of the country's 
dmersal stocks fram 1947 to 1981 is illustrated. It appears that the 
demrsal stodks had declined to about 30% of their 1947-48 biomass levels 
by the early 1980s. The econmic and biological averfishirrj prablems 
resulting fram such lm biamass levels are expcted to increase further if 
apprupriab m g e m e n t  masures are not developed and implemnted in due 
time. 

rx=EKJsrA€?ns 
cSlllr3 Division of Fisheries Research, Clweland, Qld, Australia ' 

hisbxy stages of penaeid prawns and therefore tend to control the 
in- miability of remitment and catch of cammercial species. 

the Gulf of carpentaria, Australia, is the effect of rainfdll on the 
emigration of jwenile prawns from mangrwe estuaries. 

mironmerrtal factors are k n m  to affect the sumival of early life- 

0ne factor of major importance to the banana prawn, Penaeus mergui ensis, in 
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W paper reviews the in- variability in catch of several. stodks 
of P. mergLu 'ensis throughout the Irdo-west Pacific in an attempt to 
establish global links between recrui.tment processes which might be 
associated with longe~tenn climatic trends such as the El Nh/sauulem 
millation (ENSO) events. The causal medwums ' associated with these 
links a& their impOrtance to the mnagarent of tropical penaeid species is 
thendiscussed. 

m X E a F - ~ A s ~ ~ m ~ ~ ~  
IEREKJSTAPIZSardDJWUKX 
CSIR3 Division of Fisheries Research, Cleveld, Qld, Australia 

The juvenile phase of many penaeid prawn species within.tropical Australia 
are selective in their habitat recphmmts. Within the Gulf of 
Qrpentaria, at least three important canmrcidl species are only found 
associated with seagrass/algae beds. % extent to which this de- 
on seagrass influences the distrhtim and abuntlance of catmmzial c a w  
of the two tiger prawns, m e u s  esculentus d P. semisulcatus has been 
studied over several geographicdl scales from 1983 to 1985. In general, 
juvenile prawn aburdances of these species increase with incr~~irq density 
and biomass of seagrass, although leaf height was found to laoaify P. 

xrdified P. semisulcatus distribution. Highly prcduch 've tiger prawn 

variability of seagmss areas and juvenile prawn papulations is also 
presently being studied. 
of juvenile prawn numbers within seagrass beds prwided that seagrass 
distribution is not mdified by rmjor storm events such as cyclones and 
55tlxaq -. 

esculentus aistribution and substrate type within the seagrass beds- 

areas are m i n e d  to SXlElll sheltered enbyments where softer 
sediments and taller seagrasses p d .  m e  extent of the interamEd 

Preliminary results indicate relative stability 

s c A L E < 3 F ~ ~ A M ) ~ o S % z A L ~ ~  
JiWESA- 
Australian Institute of Marhe Science, Tckwfile, Qld, Australia 

Studies of variability are often made with little prior information on what 
constitutes the basic unit of analysis; i.e., the papulation. 
of variation are usually substantially influenced by the Scale of their 
-le unit, it is an advantage to naximize the flexibility of a sampling 
design to allw integration over many different scales. 

As analyses 

?his stuttv of the 
population genetics Of the ~hal1ow-wite.r cam ~cropo ra asitifera- 
addresses electrmhoretic variation at scales of 5m to 100Oh. A suite of 
genetic  analyse^ *kgcjests that spatid variation within this species is 
concentrated within reefs in patch sizes of 1-2km, with little variation 
resulting at a regional Scale. Implications for recruitment are: (1) 
asexual propagation is insignificant; (2) patches represent the output 
different repraiuctl 've groups; and (3) dissimilarity between ptches 
results fram tenlFaral differences in recruimt. 

of 
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% effect of W r a l  changes in environental factors on fish populations 
depexxk, h part, on the response times of those populations. Recent wrk 
an shelf-associated tropical fish species indicates generation times that 
for scrme arc? on the 0x13~ of mths rather than years. 
existS, therefore, for rapid changes h populations to altered ConditioIlS 
that favor larval or juvenile sxtvival. An apparent example of such a 
response, in the lizardfish genus Saurida, is discussed, based on data 
colleckd on the Northwest Shelf of Australia. prelhhaty data are also 

associated fish species, ard some implications for mnagemmt of tropical 
stodks are suggested. 

The potential - ' possibly short generation times in other reef- 

FuExcnL EEFEas CIF c!ImmrE a3wGE CNlmNGmmS w13H sI3EIFIc - 
( = T o R A T . ~ A N D - I z I s E  
W C S E Z M X E X  
Division of Biology ard Living Resoma3 
-W- 
Division of Marine Geology and Geophysics, University of Miami, 4600 
Rickenbacker Causeway, M i d ,  Florida 33149-1098 USA 

published projections of global Warming of 1.5 to 4.5'C ard sealevel rise 
of 56 
that might be expected in mngzwe f0rest-dom.m * tedcoastallardscapes. 
For discuss ion purposes we as- a 1.m rise in sea level over the next 
one hundred years; the absolute temperature rise during this period was 
considered to be insignificant on mangroves. 

24% are used to speculate on g-rphic an3 ecological responses 

Given that mngroves-damimted coastlines lie at or very near sea level, 
widespm flooding of these regions is expcted. m e  present coastal 
taposraphy will control the areal extent of this flooding. 
this relatively rapid rise will result in the construction of a barrier 
islard complex (eg, river-dominated settings) ; in regions where barrier 
islands already exist, a 1- shift is predicted (eg, wave+ominaW 
s e w )  
bedrockvalley) as pre-exls ' ting river valleys are W t e d .  Most 
scenarios indicate an o v e r a ~  increase in the high tide zone and therefore 
concomitant increases in mangrove forest merage is apcted. 

In same cases, 

Estuaries may develop eg, river dominated) or enlarge (eg, 
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DE effect of a llloderate sealevel rise on rmngruves is variable and depexk 
on the type of mangrove forest. Mangroves on autochthonous suktrates (eg, 
certain overwash islands) and in mhxnnents with sustained dlcchtonous 
inputs (- ' fringe and riverine forest types) may be able to track 
rising sea level ard retain their spatial position. ~~ntrastirg types (eg, 
basin forests) may disappear or be m e d  through a r e p l a m t  of the 
dcnaFnant species. barf mangKNe forests, CCamMn to arid, salhe flats may 
expsrience a stimulation in producrtive and stmctuml devdopmt. 
large spatial scale, hmever, thee will be an inlard retreat of v e s  
which will ccapy newly-creatd saline 

0x1 a 

'dal areas. 

Australian Institute of Marine Science, ?Iclwnsville, Qld, Austsalia 
PEI!l33JDXU3ZLY 
School of Australia ErnrirarmEntdl Studies, Griffith University, Brisbane, 
Qld, Australia 

mer the last ten years we have examined interannual variation in densities 
of recruits of coral reef fishes mer a hierarchy of spatial scales ranging 
fram (finescale) to hundreds of kilametres ( - / = B e )  . li.1 
this paper we briefly canpare the magnitude of this variation mer the 
m e  of spatial scales and capare temporal variation with spatial 
pattens (or lack thereof) at each of the Spatial scales. We then briefly 
discuss the likely causes of in- variation in r e c m i m t  and the 
p&ential significance of this variation for populations of coral reef 
fishes. 

E P l E E m m C a z E m a m B a p m 3 l 3 ~ ~  
TREsmZliaRD 
SIR0 Divkian of Fisheries Resean"h and school of Biological 
University of Sydney, NSW, Australia 
sEmsnAN- 
CSm, Division of Fisheries, Perth, IQ, Australia 

The ephthic crustacean fauna of the northwest shelf is one 

Sciences, 

of the IIy3st 
dive& faunas of any open continentdl shelf m h m e n t .  
collected in autumn an3 spring 1983, at 4 locations, 357 taxa of small 
mabile epibenthic crustaceans were identified, IIlost to at least generic 
level. 
leucosid crabs (24 species), and portmid and xanthid crabs (both 21 
species) The mst aburdant crustaceans were carid and penaeid shrimps and 
prawns. A large pmprtion of the crustaceans are new records for the 
Australian fauna, and many are new species. 

From 48 samples 

The richest families were These included 308 species of decapods. 
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were no significant differences in species richness (number of 
species) or total crustacean aburdance between any of the samples. A 
detailed xniltivariate analysis of the distribution patterns of 232 taxa 
(23 431 irdividuals) shmed that there were differences in species 
composition but less than half the COrmMn species had differences in 
dbundance that could be related to envirOnmental parameters. lke mst 
significant differences in occurred with depth, and sederrtary 
fauna (sponges etc.) were largely unrelated to qxcies abundances in the 
SampleS. 

* >  

qmAL,~rn--Iw--- 
viEIwwm 
mIC - 
m i a n  Institute of m i n e  Science, Tcrwnsville, Qld, Australia 

-e swamps ard salt flats colonize wer 17 OOOkm2 of the Australian 
coastal zane. 
includirq the Gulf of -ia. 
of these wetlanib varies M tidal, seasonal and irrt.cerannual time scales. 
The tidal amplitude is g-ly larye (of the order of a few metres) so 
that the water circvlation in the coastal wetlands is strox~ly tidal. 
shallow-water hydroltynamic effects in mangrove swamps enhance the asyrmetry 
be- flood and ebb-tida currents so that, in -.cases, a net 
lcmgitude axrent oriented downstream can result and help q r t  plant 
detritus frum maRgrove swamps. ?his asyrmetzy also helps maintain a deep 
stable tidal channel. Because the surface of the substrate has a slope, 
the efficiency of this mechaTu 'sm and the extent of wetlands *t& by 
the tides is debmined by the high-tide elevation. elevation has a 

different on two successive tides on the same day. ?here is also a larye 
inesuality between spring and neap ti-. Furthes, the sea level (hence 
the flushirrg of wetlands) is controlled not only by the astronCanical tides, 

on the -laxxi east coast for 
instance, there are fluctuations of up to 3- peak to tmugh at time 
scalesofoneetoonemonth,drivenbytheg 'c adjustment of 
sea level to wm+iven fluctuations of the continental 
shelf. On a seasoral time Scale, there are also ~lleansea-levd 
fluctuations (driven by the wind, the atmospheric pressure and steric 
variations) of typic;llly 0.a on the east coast, but up to 0.75m in.the 
Gulf of wt;rria. AS a result, in the Gulf, tidal wetlands are not 
m t e d  for about 6 mnths of the year. 
k'mxkttian results in a readily measurable and considerable export fram the 
wetlands of salt ard nutrients. 

A larye fraction of this area is located in Queensland, 
?he water circulation and the flushirq 

strong diurnal inecpality so that the tidal flushing is often quite 

. but also by mean~ea-level fluctuations. 

?zle first summer tidal 

surprisingly, the interannual variability 
of sea level on the east coast 
abaut 1/10 that in the ccean. 
thus not so much mLlenced by 

is only 0.05m even dur- an El NGo year,- 
Ihe interannual variations in wetlam% is 
mean-sea--level fluctuations, but by 
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flucblations in runoff and evaporation rates. 
us~ally short-lived, though it can be very larye. 
hut dry weather can prwail frua May to November. 
evapo-transpiratim during that period can create an inverse estuarine 
circulation or a salinity maximcrm zone which effectively isolates the 
estuary, and its wetlands, fram the ocean. 
mrtrient concentrations increase with t h  ard this nutrient-rich water can 
be flushed to -tal waters as an "eventlf during a subsequent river flood. 

The freshwater discharge is 
IXI a dry (EI ~5%) year, 
Evaporation and 

In the latter case, dissolved 
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MWN s[IRFAce aFm JBaFIC 
Y- 
Office de la Recherche Scientifique et Technique Outre Mer, Nam&a, New 
caledmia 

A map of the mean chlorophyll concentration at the surface of the tropicdl 
pacific is presented based upon 35 000 
with the co-aperation of crews of merchant ship. The data are mainly 
distributed a l q  the ocean lanes fram Noum5a (Nm Caledonia) to Japan, 

equator, and at latitudes greater-- 25'. Lowest values are faurd in the 
centsal gyres. lzle 1982-83 El Nino was characterized by abnomally lcw 
chlorophyll CMcentratiOfls h the eastern Pacific between 10'N and lo's, 
and by abmnnally high cancentyations in the westexn Pacific between 0' ard 
SoN. 

&tamed ' S b  1978 

North America, PaMma and AUStrdh. Hishest vdlues f d  d l q  the 

m C  
l S W m , H = ,  arrdHIRJ34.I 
ocean Research Institute, Univexsity of Tokyo, Japan 
N€WYJNlN 
Deparhnmt of Biology, UPNG, Papua New Guinea 

A detailed w e y  of inorganic nutrients in the seagrass bed and coral reef 
near Fort m e ,  Papua New Guinea, shcwed that benthic activities in the 
contribution of ma-benthic animals, such as sea urchins , stranbid 
snails, burruwing shrimps; sea cmmkers d others, to the ammonium budget 
in the seagrass bed was estimates by a ccnnbination of labratoq 
experiments and quantitative assessIIEnt of benthic mmpnents in the 
seagrass bed. &nrmnium excretion by macrc-benthic animals sugyests that it 
contributes significantly to the total armrcnim budget in the seagrass bed. 

In the coral reef, on the other hand, net prcductl 'an of nitrate was 
obsenred and vertical distribution of nitrate and anutmim in the water 
column and sediments supported the view that the coral debris was the site 
of active nitrification . 

AND lWEUlXf IJYNMICS IN A !I!KPICAL REEF FLXC 

seagrass bed supports net !supJly of d m  to the outer enviro-t. 
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I would first like to thank the organizers for inviting me to 
participate in the Symposium. 
opportunity to not only gain new insights but to put into 
perspective some of my ideas about the marine ecosystems of 
the region. In putting together these summary remarks I would 

. further like to thank the W i c  Convenor (Dr P Rothlisberg), 
the chairmen and rapporteurs of the five sessions: Crustacean 
Resources (Dr D J Staples); Biological Oceanography 
(Dr T Nemoto) ; Fish Stocks (Dr J McManus), Coastal Vegetation 
(Dr J -E Ong) and Coral Reefs (Dr P Isdale). 

It has afforded me the 

The papers in our sessions on international variability 
actually fell into five general categories. There were 15 
papers that dealt with ecology and distribution, 11 about time 
series, 10 on recruitment and 5 that discussed the 
El Nino-Southern Oscillation (ENSO). They represented the 
three kinds of study that are necessary to get a feel for 
variation in time-series: studies of ecological processes and 
distribution of species; studies of actual time series; and 
studies of proxy data. All three kinds of study are needed to 
solve the central issue of how to separate man's influence 
from natural changes (eg fisheries, pollution versus 
ecological dynamics, ENSO, climate trends). 

Distributions 

These papers and some in the Iupwelling' sessions not only 
confirmed my impressions about the region's complexity, but 
also suggested sufficient broad-scale similarities to make 
regional WESTPAC studies relevant and valid. Two examples 
would be prawn fisheries,which share major species in northern 
Australia, Thailand and Irian Jaya, and seagrass communities 
with similar groups of species over the whole region of 
tropical WESTPAC. 
variability occurs in a similar way over wide regions. 
Examples were given dealing with coral degradation, 
Acanthaster outbreaks, green turtle nesting and ENSO, and 
sea-surface chlorophyll. 

There is also some indication that 

Processes,im=luding recruitment 

These reports described some ecological processes that must be 
understood if between-year variability is to make sense. 
few examples are given below in each of the topic areas. 

A 

Crustacea 

Species-specific relationships have been established 
between the juvenile stages of several species of prawns 
and seagrasses in their nursery ground habitats. 
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A high intensity of prawn spawning between monsoon 
seasons is apparent in some species. 

In at least one prawn species in Australia 
(Fenaeus memiensis) juvenile emigration from the 
nursery grounds is controlled by timing and magnitude of 
rainfall. 

Bopyrid isopod parasites may control population size of. 
some prawn species by affecting reproductive output in 
segments of the population. 

A potential influence of ENS0 events'on the breeding 
migration of the tropical rock lobster 
(Panulink omatus) has been put forward. 

Fish , ,  

An example of coral-reef fish communities being 
structured by single recruitment pulses (Icloudsl of. 
planktonic larvae) has been shown and these pulses may be - 
affecting recruitment on adjacent reefs over an area of 
kilometres. 

Congeneric and sibling species pairs of (Saurida), one  fast^ I 

and one slow growing, with- attendant reproductive, 
dynamics are driven differentially by frequency of 
disturbance. 

. .  

' Potential early reproductive.capacity in.tropical.species ' 

was exemplified ,by a I 90d generation' time in. some coral 
L 

.- . 
reef gobies. I .  

coastdl Vegetation , .  

I ,  

. I  

1 ,  

. I  , 
- 1  

- .  . 
. &  

.. 
. .  - .  

The limited focus and unpredictable nature of cyclone 
impact on seagrass vegetation was demonstrated by two 
closely spaced events. 

The differences between,carbondflow models developed in 
the Caribbean and current understanding emerging in 
tropical mangrove ecosystems of the Westpac region was 
pointed out. 

The.renewable nature of mangrove forests was demonstrated 
by a 30-year forestry cycle in managed forests in 
Malaysia and the concern that coastal aauaculture (prawn- 
.pond- construction) may affect this previously 
resource was expressed. 

COrdLS 

For Acanthaster , course tracking of food/prey 
hysteresis was shown. 

renewable 

cycle and 
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Genetic similarity of patch-reef species over kilometre 
scales has been measured, but this does not extend over 
regional scales. 

Tumbled colonies of massive corals have been shown to 
probably be a normal event in reef-building processes. 

T h  Series Studis 

Several 'before and after' studies were described. Notably, 
the 39-47% increase in the number of herbivorous reef fish of 
Moorea between 1976 and 1983; and, in the southeastern Gulf of 
Carpentaria, the decrease in fish numbers, in particular 
Paramonacanthus, between 1963 and 1985. There were several 
others that were based on genuine time-series; for'example: a 
19-year time-series of coastal Chinese ctenophores and a 
predictive relationship with salinity; 24 years of 
Acanthaster survey data showing a southward migration of 
outbreaks along the Great Barrier Reef; 34 years of Philippine 
fishery statistics which showed a 60% decrease in fish 
biomass; and a 10-year data set from the Great Barrier Reef 
demonstrated interannual variation in recruitment density of 
coral reef fish at several spatial scales. 

Proxy Data Studies 

Two examples of proxy data were given; the first related to 
annual rings in mangroves. These records, up to 40 years in 
length, are presently difficult to interpret. The second 
example was the coring of the massive coastal coral Porites . 
This has yielded records of annual bands up to 600 years long 
which may, by linking with other data sets, be extended up to 
5 000 years. These records are already being used to trace 
changes in river discharge (drought, ENSO, coastal currents 
etc), upwelling through sea-surface temperatures with 0.5'C 
resolution, chemical concentrations measuring forest and 
pollution inputs. With additional research I feel there may 
be additional daily resolution in the rings. 

Conclusions 

What comes next? Unlike the physical oceanographers who have 
demonstrated large-scale collaborative studies (currently, 7 
ships from 5 countries have been working in the region), 
WESTPAC biologists are largely on their own? Therefore, 
groups of scientists must establish regional standards in 
order to compare results. Comparative process studies of, for 
example,prawn recruitment, must be facilitated. Existing 
fishery data sets must be evaluated and compared with 
environmental data sets. There must be more transfer of 
techniques and skills from centres of excellence, of which 
there are some of world class here in Australia, most notably 
those involved in coral reef ecology/chronology and prawn 
ecology. These groups must continue to be nourished; 
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-The topic of human influences on the marine environment has 
been-addressed in many fora from different perspectives. 
is therefore difficult to add much that i's novel to the 
discussions. However, in the context of WESTPAC, this 
symposium may be the first occasion where the broader field of 
marine pollution and environmental degradation resulting from 
man's activities is addressed. It is recognised that smaller 
working groups and meetings have been convened to address 
various aspects of marine pollution. 

The marine environment has always been of great significance 
to the people of the western Pacific. 
population increase in the region, more and more pressure is 
being brought to bear on the coastal environment and on marine 
resources of the coastal zone. However, the impacts of human 
activities are also extending more and more to the open sea, 
especially with respect to marine transport and deep-sea 
fishing. 

Topic 4 of the WESTPAC Symposium is concerned with 4 sections 
viz.littora1 zones and mariculture, open-shelf environments, 
coral reefs, and marine management. This paper will attempt 
to make a survey of these four areas from the viewpoint of a 
scientist/administrator from a developing country in the 
region. The treatment will show a certain bias towards the 
third sub-topic, coral reefs, as this is the field closest to 
the interests of the author. Likewise, in the treatment of 
the first sub-topic, the presentation focuses almost entirely 
on the mangrove ecosystem, due to personal involvement in this 
area. 

It 

With the rapid 

Extent and Distribution' 

Mangroves are natural coastal resources that constitute a 
significant portion of the worldls tropical and subtropical 
co2stlines. 
krn of the earth's surface (Saenger st +) They are well developed in estuaries and the composition varies 
depending on the exposure and morphology of the coastlines. 
The most extensive and highly developed mangrove communities 
are found in the Indo-Pacific area especially along the coast 
of East Africa, 
Australia including rapua-New Guinea. 

They cover an area of approximately 1.68 million 

south Asia, southeast Asia and northern 

. ' 8  

For the purposes 
the text of this 

of this Report, refer- are not included with 
Keynote speech. 

- 106 - 



Uses/Functions 

The mangrove ecosystem is considered as one of the most 
productive natural systems on earth. 
complex and diverse and are important to human populations. 
Because of its high productivity, the system serves a 
multitude of functions. 
contribute to the high productivity of adjacent ecosystems. 
They act as shoreline stabilisers and as barriers against 
waves and storms. Mangrove swamps serve as natural habitat 
for a wide variety of wildlife including some endangered 
species, thus providing potentials for culture of economically 
important species. 
habitation and recreation. Consequently, they have been 
cleared and reclaimed to give way for housing,- industrial 
public developments, including conversion into garbage dumps. 
Mangroves provide timber and wood products for construction, 
and for firewood and charcoal production. On the other hand, 
the non-timber products that can be derived from mangrove 
forests include tannin, nipa thatch and shingles, honey and, 
of recent'interest, alcohol from the Nypa palm, plus many 
other mangrove vegetation products. 

Mangrove Potentials for Exploitation 

The multiple uses of mangrove resources described pose many 
competirg demands for this resource. . 

present, the mangrove ecosystem plays an important role in th'e 
sustenance of coastal populations. 
resources are becoming increasingly important as a source of 
income. As a result, there is an increase in the rate of 
exploitation of mangrove resources. 

Overview of Manqrove Exploitation 

Being living resources, mangroves are self-maintaining and 
renewable. Mangroves maintain themselves at no cost and 
function without subsidies in their natural state. But their 
renewability is affected if the ecological processes governing 
the system are disturbed. With the advent of 
industrialisation in combination with high population 
increase, the ecological'balance of the mangrove system is 
threatened. Lately, the rate and variety of human-induced 
stresses have been increasing to a point where a large 
proportion of the mangrove resources is threatened with 
destruction. 

Mangrove systems are 

At the ecosystem level, mangroves 

Mangrove areas also provide a place for 

and 

In the past and at 

Some of the mangrove 

Mangroves are extremely vulnerable to man stresses caused by 
human activity. 
areas, they have been seriously reduced,as proven by recent 
statistics. Available data show an alarming rate of mangrove 
denudation due to various uses. 
about 1.2 million ha of mangrove areas or about 15% of the 
total mangrove zone is estimated to have been developed for 
the aquaculture industry (Saenger et g.1 In the 

They have been so much exploited that,in many 

In the Indo-Pacific region, 
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Philippines specifically, based on the data from 1967 to 1975, 
the mangrove forests were estimated to be deforested at a rate 
of about 25 000 ha annually (Gonzales). This reduction 
in the mangrove area directly affects the ecological balance 
of the system. 
different human activities that are destroying the mangrove 
ecosystem so that recovery mechanisms and effective management 
can be considered. 

There is therefore a need to assess the 

Human-induced Stresses 

The major human-induced stresses resulting from man's direct 
and indirect activities which the mangrove ecosystem is 
subjected include mining or mineral extraction, forest 
exploitation, conversion to agriculture and aquaculture, salt-' 
pond construction, construction of channels and m, 
pollution and other coastal developments. 

Mineral extraction takes place upstream, downstream and within 
the mangrove ecosystem such that it often results in complete 
destruction of the system. One of the major consequences that 
mining imposes on the mangrove ecosystem is excessive 
sedimentation resulting from the deposition of waste materials 
which are transported to and within the mangroves by surface 
waters. As a result, the system's survival is reduced and it 
becomes more susceptible to any further stress. In Thailand, 
there are approximately 37 ha of tin mines in mangroves and in 
non-mangrove areas (Kongsangchai). Due to the 
increasing demand for tin, extraction of the mineral is often 
done without proper planning and management. The wastes that 
are discharged into the mangrove areas cause severe 
destruction to the plants and other living marine resources in 
the area. 

The economic importance of mangroves as a source of timber, 
firewood, charcoal and construction materials has long been 
recognised. At present, the demands for these products are 
rapidly rising,such that forest exploitation takes the form of 
timber production for firewood and charcoal-making and in ' 

large-scale exploitation, as in the production of woodchips. 
Progressively, more and more mangrove areas are exploited both 
at sustenance and commercial levels. A specific example of 
large-scale forest exploitation is the case of massive 
deforestation occurring in southeast Asian forests 
particularly in Tanakan Island near Kalimantan, Indonesia, 
where large production of woodchips is being done for export 
to Japan. This clearfelling woodchip operation is damaging a 
significant area of,the forest because more than 200 000 ha of 
mangrove forests are currently being exploited and this 
operation is still rapidly increasing such that massive 
deforestation is likely to continue (Saenger et a2.). 
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During the last few decades, extensive stretches of mangrove 
areas have been reclaimed for the purposes of agriculture and 
aquaculture. Although the mangrove ecosystem has long been 
considered to be a marginal source for the sustained 
development of agriculture and aquaculture, still it is being 
reclaimed due to a pressing need for arable land to satisfy 
the demands for an ever increasing human population. There 
are several factors that reduce the suitability of mangrove 
areas for agricultural and aquacultural development. But 
these factors are being modified by various means in order to 
improve the suitability of the mangrove areas to serve the 
purpose of increasing both agricultural and aquacultural 
production. In agriculture, large-scale reclamation involves 
thousands of hectares of mangrove areas. Unfortunately, in 
many areas, the development of acidic soils on the reclaimed 
lands renders these areas unsuitable for agriculture. 
Therefore, the loss is greater than the profit that can be 
derived. In West Africa, failure in rice production occurred 
due to the development of acidic sulphate soils as a 
consequence of resalination by tidal flood waters especially 
during the drier years. In the Indo-Pacific region, an 
estimated 1.2 million ha of mangrove forests had been 
converted to aquaculture ponds by 1977 by impoundment where 
much of the mangrove flora and fauna were destroyed and 
reduction in the yield of adjacent coastal fishery occurred 
(Saenger et al,). 
aquaculture ponds are often uneconomic to operate, making pond 
production an economic disbenefit while at the same time 
disturbing the ecological balance of the adjacent mangrove 
areas. 

Elimination of large areas of mangroves also occurs in salt- 
pond construction,since this requires complete removal of 
mangroves for levelling, diking of land for compaction, and 
also in the construction of flooding canal systems. Salt 
production in mangrove areas is widespread along the coasts of 

chemical-salt industrial complex has adversely affected 
considerable areas of mangroves (Saenger et alk 1 

With the development of acidic soils, 

.Asia and Africa. In India, the construction of a huge 

-.- 

Urbanisation has also affected mangrove areas by reclamation 
to give way to coastal developments such as large-scale. 
industries, port facilities, roads, airfields, housing 
complexes and other industrial and public developments of 
various kinds. In Indonesia, 75%~of the major cities with 
more than 10.000 inhabitants are located in coastal areas. 
Likewise in Fiji, major urban developments take place along 
the coastal areas which are usually mangrove-reclaimed lands 
(Hamilton and Snedaker). Apart from having an 
appreciable impact on subsistence and commercial fishery 
resulting in loss of mangrove areas and the vulnerability of 
these areas to frequent storm damage, urbanisation can also 
cause pollution within and iil the adjacent ecosystems. 
Reclamation activities are a major problem in developed as 
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well as in developing countries. In Queensland's Gold Coast, 
the original extensive mangroves in the Herang River have been 
replaced by Australia's largest system of man-made waterways 
(Saenger 1 . 
Pollution in mangrove areas is usually localised and occurs 
near key urban areas and industrial sites. Mangrove areas are 
potential sites for dumping of garbage and solid wastes as 
well as industrial waste discharges, agricultural and domestic 
wastes; Oil spills from shipping activities also contribute 
to the vast array of harmful pollutants that are discharged 
into the mangrove ecosystem. These waste materials that are 
dumped in the mangrove areas are generally toxic and often 
hazardous to the living resources. Many unforseen problems 
arising from the disposal of wastes,apart from losing 
considerable areas of mangroves,have been detected. 
Generally, the ecological condition is affected which may 
result in the death of mangroves 
the productivity may be reduced. 

Mangrove destruction is clearly attributed to the direct and 
indirect activities of man. This is due to the demand, for 
mangrove resources that has been steadily mounting, both for 
the products and for the land itself. The main reasons for 
the destruction of mangrove ecosystems lie in the fact that 
the users exceed the sustainable yield limit in the harvests 
of direct products, and conversion activities irreversibly . 
alter the condition of the intertidal zone. At present, the 
condition of many mangrove areas is rapidly deteriorating due 
to overexploitation and poor management. An urgent need for . 
efficient management and conservation is apparent so that 
mangroves can be-utilised and managed for the continued 
benefit of man. 

Besides mangroves there are other ecosystems in the littoral'. 
zone that are subjected to human influences. 
will be dealt with by other speakers in the course of the 
Svmposium. 

The concern for mariculture as it relates to pollution is 
usually one-sided. 
pollution on mariculture but hardly any studies have been 
conducted on the pollution caused by mariculture activities. 
Perhaps it is time to consider this aspect. 
aquaculture on habitat destruction has been referred to in the 
preceding paragraphs. 

oJ?en shelf m- 

Like the mangroves and coral reefs, the open-shelf environment 
is not spared from degradation as a result of man's 
activities. 
of its economically important resources such as fishes and 
other marine animals which account for an average of 17% of 

and,at lower intensities, 
- 

Some of these 

There is much concern for the impact of 

The effect of 

It is directly degraded through overexploitation 
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the animal protein in the human diet (Kullenberg): 
Fishing is the major economic activity of man on the open 
shelf environment. In the Philippines, an estimated 13% of 
the population are dependent on fishing in various degrees for 
subsistence (Silvestre st a&). 
of the population that is involved in fishing results from the 
increasing demands for fish production. 

Trawls are the main type of fishing gears that are usually 
used in commercial fisheries. Although fishing is often 
confined to shallow waters, fishing operations are also 
carried out in deeper areas. Since pelagic species normally 
come close to the shallow areas when they feed and spawn, 
fishing is generally concentrated here, often near coral 
reefs. Therefore, the level of depletion of fish resources in 
these nearshore areas is expected to be higher than in areas 
where no heavy fishing occurs. In Malaysia, overfishing near 
the reefs due to a rapid increase in the number of trawlers 
has been observed (Lulofs). In Thailand, on the other 
hand, the introduction of crawl fishing in 1961 caused a 
decrease in the catch rates of demersal fish by nearly 80% in 
a span of 12 years (Ritragsa). This fishing method can 
practically catch any fish that comes across its path 
including juveniles when very fine mesh nets are used, thus 
destroying the potential fish stocks for the succeeding years. 

Fishing activities are unevenly distributed geographically. 
For example, most trawling grounds in the Philippines are 
located in the Central Visayas region (Mines). resulting 
in a reduction in the population of economically important 
fishes in these accessible and frequently fished areas. 
Recent reports show that the rate of exploitation has exceeded 
the maximum sustainable yield of the fishery resources. There 
are complaints of declining catch rates, decreasing size of 
target species and low economic returns from areas receiving 
the highest fishing pressure. 
attributed to overexploitation along with unregulated fishing 
practices and gathering of fishery products in addition to the 

Protective management is therefore important to maintain open 
shelf productivity. 

mral Illeefs 

Extent and Distribution 

Recognised as one of .the most productive and ecologically 
diverse of,all marine systems, coral reefs are valuable 
resources that cover about 0.1% of the earth's-surface 
(Salvat) . Along with mangroves, coral reefs are a 
distinctive reature of coastal areas in tropical countries 
where they are an important source of subsistence, coastal 
protection and economic development on which man depends. 

This significant portion 

These consequences can be 

-destruction of mangroves and coral reefs (NEPC). 
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Uses/Functions 

Being a rich and complex system, it is evident that coral 
reefs have a variety of uses and functions that directly 
benefit man and the other ecosystems that they interact with. 
These functions include food production, coastline protection, 
sources of non-food products, aesthetic and related economic 
benefits, scientific and educational considerations. 

The coral reefs abound with hundreds of species of fishes,. 
invertebrates and other non-protein products that are 
potentially valuable as food sources for the rapidly 
increasing human population. Reef fishes are the major 
exploited food resource and they constitute a significant 
portion of the recorded fish catch in some developing 
countries (Smith ) - Other food sources such as turtles,. 
invertebrates and non-protein products are also utilised by 
coastal people. 

Coral reefs are considered as the largest biological 
structures on earth. They form natural and self-repairing I 

breakwaters that protect the land from erosion, wave action, 
damage caused by storms and other destructive forces of the 
sea. 

The use of corals as building materials is becoming 
widespread. 
mined for lime production, for building and road construction, 
for building piers, for calcium carbide production, and for 
cement manufacture. Corals also serve as sources of sand that 
are used as concrete aggregate and as fill, in building and 
recla. nation purposes. Traditional mining and shaping of 
coral blocks have also expanded in recent years wherein these 
blocks are shaped into distinctive tiles and facing,materials 
(veneer) that are’used in private homes and public 
establishments. 

Dead coral rocks as well as living colonies are 

Reef communities provide a natural store of’organisms 
containing compounds that are valuable as drugs that have wide 
application in medicine and are also used as tools for 
pharmacological research. The pharmaceutical products derived 
from coral reefs range from anti-cancer substances to 
contraceptive chemicals. Some of these products are also used 
as models for the manufacture of synthetic pharmaceuticals. 

The use of corals, shells and polished turtle shells as 
ornaments for decorative purposes is extensive. Most of these 
items are being collected as souvenirs and are also used as 
marine aquarium decorations. They support large industries by 
being sold as decorative pieces aside from being used for 
jewellery manufacture in various parts of the world (Wellsd. 
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In 1974, the Philippines exported 7 224 metric tonnes of stony corals and 
4 000 metric tonnes of ornamental shells (Mcmnus). On the other hand, 
the precious coral market worldwide was e s t h t d  at US$ 50 million in 1981. 
(salm) . ?he marine fish aquarium market is also rapidly expanding where 
fishes and scxne invertebrate species are of great value to the salt-water 
aquarist. In Sri Lanka where 50 000 people are involved in this industry, 
the export of aquarium fishes earns about US$ 1.1 million per annum (sah) . 

Coral reef communities also serve as sites for recreation. 
They are the focus of tropical skin and scuba diving and an 
important tourist revenue due to their aesthetic appeal, 
biological richness and relative accessibility making them 
popular recreation areas for tourists. 

Reefs serve as a natural scientific laboratory for the study 
of basic biological processes by students and professionals 
alike. 
coral reefs are increasing as well as field monitoring which 
is necessary for management. 

Overview of F&ef m t i m  

Man is utilizing the reef's resources extensively, depending 
on his needs. His close affinity to the coral reefs is 
associated with his dependence on the reefs for its resources. 
As populations increase, more space, more food and raw 
materials as well as recreational areas are required. 
tend to concentrate along the coastal areas and interact 
intensively with the sea. 

In southeastAsia , the population was estimated as 247 380 000 ' 
as of 1977. The result is that large areas of coral reefs 
have been seriously damaged and reduced. As of 1982, out of 
632 reef stations surveyed in the Philippines for relative 
coral cover, 5.5% were found to be in excellent condition, 24% 
were rated good, 38.3% fell under the fair category and 32.1% 
were rated poor. These figures indicate the extent of damage 
on the reefs as a result of various human-induced stresses. 
Such- stresses affect the reef communities either directly or 
indirectly. 
exploitative activities of man while the indirect effects act 
through the impacts of pollutants usually occurring near 
heavily populated areas. 

More and more scientific researches on the ecology of 

People 

Direct effects are caused by fishing and other 

Human-- StsesSes ard Effects 

Fishing is one of the economic activities of man where fish 
caught from reefs constitute the major sources of Protein for 
many island and coastal people. In the Philippines, a minimum 
of 10% of the country's fishery is reef-associated (Murdy and 
Ferraris) . By employing traditional fishing methods, 
the renewal of the exploited fish resource is ensured. But 
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the.rapid increase in human population leads to increased 
demand for food. In order to meet these demands, new fishing 
methods are developed which are often destructive to the 
reefs. Destructive methods commonly used are blastins, 
"muro-ami," trawling near reefs, us; of cyanide, use of fine- 
mesh nets and spear fishing (traditional and scuba). 
Reduction in fish catches is directly correlated to reduction 
in coral cover, substrate and diversity. 

Considerable tracts of corals have been destroyed by trawling, 
while depletion in many fish stocks has been observed due to 
the utilization of fine-mesh nets and traps that include many 
juvenile fishes as side catches. Although illegal, blasting is 
one of the most destructive fishing techniques that destroys 
the reef habitat and its inhabitants. Damaged area? are slow 
to recover, if they recover at all. "Muro-ami" and kayakas'' 
fishing techniques involve the banging of the bottom substrate 
with poles and rocks to drive fish into the set nets. As a 
consequence, corals are broken and the bottom habitat is 
disturbed. Likewise, the use of fish traps breaks coral 
colonies. Fishing operations that involve the use of small 
and medium-sized boats also destroy coral colonies when the 
anchors which are specifically deigned to latch onto corals 
are set down or retrieved. Besides these destructive fishing 
methods, aquarium fish collection,which is usually directed 
towards certain popular species,upsets the ecological balance 
of reefs due to their overexploitation. This selective method 
often employs the use of fish toxicants such as cyanide which 
are detrimental to the health of the corals and other 
associated reef organisms. 

One of the most important causes of reef degradation is 
sedimentation resulting from improper agricultural and 
forestry practices, uncontrolled exploitation of mangroves, 
construction activities, oil drilling and dumping of mine 
tailings and effluents. Although sediments are added to the 
reef by natural means, man's activities in coastal areas are 
accelerating this process (johannes). 
damage reefs by increasing the turbidity of wateqresulting in 
coral gowth retardation;in extreme cases, death of the corals. 

Another form of human activity that leads to siltation and 
sedimentation is terrestial mining where heavy concentrations 
of mine tailings are discharged into the reefs. In 1982, the 
Philippine National Environmental Protection Council reported 
that 371 644 metric tonnes of mine wastes and 190 896 metric 
tonnes of mine tailings were dumped daily by 110 mining 
companies in the Philippines (Lastimosa). 

These activities 

Dredging or offshore mining causes sedimentation destroying 
the benthic flora and fauna of the reef by releasing fine sand 
particles which are dangerous to reef life. 
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Increasing demands for energy have resulted in the exposure of 
coral reefs to the by-products of oil exploration and 
production. Drilling muds reduce the survival of the coral 
colonies, thus retarding reef growth. Toxic chemicals present 
in the lubricants used during the drilling process have 
harmful effects on coral reefs. 

The renoval of corals for use as construction materials for 
road construction, dikes for fish ponds and even in house 
construction as well as for lime production destroys coral 
reefs because of the resultant sedimentation due to increased 
soil erosion. Destruction of several miles of reefs as a 
result of ill-planned and ill-managed dredging has been 
observed in Malaysia,. Fiji and other countries (Johannes) . 

Tourism has its own impacts on reefs. Recreation activities 
such as scuba and skin diving, snorkelling, pleasure boating, 
shell and coral collecting undertaken by tourists are damaging 
reefs. Impacts include reef trampling by humans, breakage by 
anchors that are used in boating, depletion in the population 
of shells and corals that are collected, and habitat 
disturhnce 
aesthetic values of coral reefs through littering and 
pollution from the facilities provided for tourists. 

Some reef fishes and invertebrates are among the aquarium 
favorites that are utilized for the growing aquarium fish 
industry. Export of these'organisms is becoming an important 
industry generating millions of dollars annually. 
additional'income to coastal fishermen engaged in the 
collection of aquarium fishes. In effect, the growth of this 
industry depletes the fish populations in accessible islands, 
and despite the trade value, methods used to catch fishes are' 
often destructive to the coral habitat. The use of sodium 
cyanide as an anaesthetizing agent in fish capture also kills 
part of the coral colonies and corals are frequently smashed 
when the anaesthetized fishes that are lodged among the 
branches are removed. Considerable damage is being done as 
this activity continues. The export trade of corals and 
shells is also becoming widespread. Truckloads of these 
products find their way daily to stores and souvenir shops 
inspite of the ban on their gathering and exportation. Reef 
communities yield limited quantities of some species of 
aquarium fishes, shells and corals, and if these products are 
overexploited, the ecoloqical of the system is disturbed. 
The demands for development have led to increasing industrial 
activities and increasing use of agricultural chemicals. Man 
also alters the chemical environment of the reefs by 
discharging pesticide spills and residues from intensive 
agricultural practices causing chronic effects on the- reef 
environment (Dahl) . Industrial developments also cause 

Recreational activities also tend to destroy the 

It provides 
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destruction of the reefs through discharge of factory 
effluents. As demands for energy increase, there is also a 
corresponding increase in pollution from power plants. 
Discharges of heated water into the reef areas has been proven 
to be disastous, causing coral mortality. The same happens 
when the salinity of the surrounding water is changed due to 
discharges of over-salted water from desalinization plants. 

Urban developments on the other hand, generate another type of 
pollutant in the form of sewage. 
degradation together with hydrocarbon pollution that arises 
from oil refineries, drilling platforms and in where 
spillages occur. 
and bottom cover can be expected. In general, the equilibrium 
of the reef community is disturbed. 
arise near populated areas and where extensive commercial 
activities occur, reefs bordering these areas are mostly 
destroyed. 
combination of chemical and physical distrubances. 

Sewage causes reef 

Reduction in the number of species, colony, 

Since most pollutants 

In most cases, the cause of reef degradation is a 

Mangrcrves 

Sound mangement of mangrove resources is usually equated with ~ 

high-level production on a sustained-yield basis. One of the 
best examples of a sustained-yield use of mangrove forests is 
the Matang Mangrove Forest Reserve in Malaysia, where the 
production of charcoal, pole and firewood is on a 
sustained-yield basis. The existence of sustained-yield - 
silvicultural management makes this mangrove forest one of the 
best managed forest reserves (FAO). In Florida on the 
other hand, the best management practice that is beina 
implemented is preservation and in line with the concept is the 
inclusion of the adjacent ecosystem for preservation 
(Odum al. 1 -  ’ 
Understanding the complexity of the mangrove ecosystem, 
including natural forces and human’influences that alter the 
system,is essential for the conservation and wise utilization 
of this resource. Lack’of proper management in the past and 
at present has arisen partly from man’s misconception that 
mangroves are nothing but wastelands, such that he is unaware 
of the damaging consequences that may occur, and partly from 
overexploitation of the mangrove resources. 
the potential value of mangroves, there is a need to devise 
adequate measures to optimize the conservation of this 
resource while integrating the socio-economic and ecological 
values as well. 

In recognition of 

open shelf Esnrironment 
The aim of protective management for the open-shelf 
environment is to ensure the conservation of the aquatic 
resources while maintaining fish production to a considerable 
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degree. This may be in the form of regulation of fishing so 
that the fish resoureS are harvested rationally. Another 
approach is to ban commercial fishing operations and similar 
exploitative activities in areas where overfishing occurs 
until their productivity has recovered. 
total absence of fishing can be an effective long-term 

the fishing industry can be enhanced by balancing the 
exploitation of fish resources with an efficient management. 

In extreme cases, 

' management. The significance of the open-shelf environment to 

Coral Reefs 

Ixze to countless reasons whether caused by ignorance or lack of appreciation 
of the importance and value of coral reefs, human influences threaten to 
destroy these valuable resmrces. ~n the Philippines and Indonesia, most of 
the traditional methcds of utilization which have no severe hW& 
on the reef ecosystem have been rejected leaving uncoordinated 
approaches toward the use of reef resources (Soegiarto and 
Polunin). The increasing human population and economic 
pressure have brought about social change which has led to the 
abandonment of the traditional methods. Excessive harvesting 
of reef resources, widespread pollution of different kinds, 
and development of tourism have resulted in deterioration of 
many reefs. Unfortunately, coral reefs have been taken for 
granted and are not given the attention they deserve as an 
ecosystem. They are continuously being exploited, damaged and 
destroyed, such that a sound management of this resource is 
needed. 

The main objective of reef management is generally to maintain 
and create proper balance between uses, protection and 
conservation of the reef resources to ensure their continued 
benefits while maintaining their basic environmental quality, 
in order to sustain the long-term economic and cultural needs 
of the people. In implementing sound management, a thorough 
understanding of the complexity of the reefs, their present 
status, how they are changing and how humans interact with 
these complex ecosystems is necessary. Reef management may 
range from functional, where resource use occurs, to 
preservational where entry is prohibited. 

The establishment of marine reserves and parks has been done 
for the protection and management-of reefs. These protected ~ 

areas constitute a defined space where specific purposes of 
use or entry are prescribed for any of the types of reserves 
that are established. These protected reef areas are designed 
to meet the objectives of nature conservation and human 
utilization. Aside from establishment of areas that are 
protected from any human activity, other approaches such as 
periodic closure, yield and equipment constraints and impact 
limitations can serve as alternatives to further ensure the 
conservation of the reef resources (Kenchington!. Since 
no single solution to the management of coral reef problems 
has been developed, strict compliance to the current 
conservation measures can help, unti a more effective and 
reasonable mehtod of mangement can be achieved where social, 
political, cultural and economic aspects are integrated. 
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s E r m 3 m M ~ r n ~ A N D ~ Q F -  
V V A W l K I E l T ~ V I I r x ~  
Pacific Oceanolcgical Instdtute, Far East Science Centre, Vladivostok, USSR 

latter regulating the migration of substances in the river - sea system. 
mestigatians conducted in the estuaries of the Pacific maxginal seas 
(South China, Japan and Okhotsk Seas) enabled us to evaluate space - the 
variability of dynamic physical, chemical and biolcgical processes with 
periods fram several hours to one year. 

Thedatacbtamed ' were used to create mathent?ltical mDdels describing 
variability of h w  'cal prametem and behaviour of con taminants. 

Human impacts result mainly in & W o n  of geochQnical processes, the 

. .  

AN l3KmJmKm QF !Ell3 
-+JBJRIs-- 
m R F I T f . ,  BKEXIXEAM)R!XUME' 
James cook University of North Queensland, Tawnsville, Qld, Australia 

several. workrs have recently concluded that manual remwal or destruction 
pxqramms for Controlling Acanthaster planci populations have been 
largely ineffective ( Y a w ,  1976; M o m ,  in press; Zann, pEs01Ed 
camrmznication). 

scientific purposes prmpted hestigations into the use offences as 
artificial barrim to exclude starfish, since it has been sham that 
migration of starfish into control areas contributes significantly to the 
poor success of these controls (Kettle, unpublished rep* to GHRMPA). 
Trials of 13 enclosures constnlctd fram 10 wmercially available fencbq 
and nett- materials, ard utilizing-several different designs, were 
conducted recently in the lagwnal'area of the Jahn Rrwer Reef, 
-file. starfish placed idthin these enc~osures were recorded. 
Several enclosures demonstrated high retention rates of starfish. 
steelmesh enclosures (mesh sizes 7.5cm x 5cm and 1cm x Ian), 1 metre in 
height &-having 60cm dcrwn-curved averhangs at the top were highly 
efficient in retaining starfish. By con-, flexible fishiq net 
materials, W q e d  at the tap, weighted onto the m t e  and having no 
overhang, had high escape rates of starfish. 
of the various materials are being monitored. 
artificial barriers are useful for limiting starfish mement. Barriers 
used in conjunction with manual remmal. may be superior to the current 
m&hod of repeated manual clearing. 

OF AKrIElxm BARmlz= Fow SMALGSCAIE 

The need to preserve &l areas of live coral for tourism 

Rigid 

Fouling ard degradation rates 
These results suggest that 

. r . .  

, .  ... . .  

. .  
. .  
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E F P B c l L l Q F ! r r N ~ a i r n  OOWALREEES QFmuKET ISIAND, TlaAnmD 
E i W S A C € W S A K , P ~ , N ~ , C ~ A W D P ~  
phuket Marine Biological center, auket, W a n d  

'1zle effect of tin dredgiq on the coral reefs of the west coast of phuket 
Islard was monitored f m  November 1982 to May 1986. 
mnihckd by PhatOgraphirKl permanerrt transect lines eveq 6 mnths at Bang 
mo m y  ard Kamala my. ?he time in- coincided with the periods of 
northeast mansoon (NOvember-April) and southwest OLYM~SOO~ (May4ctober) . 
Dredg- activity was carried out only d m k ~  Northeast Nomom. It is 
faurd that the carditian of the reef along the mrthern side of Emq Tao 
my, which has been dredged constantly for the last 15 years, has improved 
significantly in cmprhon to the cordition during the survey in 1981, 
whereas the reef along the southem part has not changed sin=& 1981 in 
terms of cnral m e r .  In m a  Bay, where dredgim~ activity was 
durircj the dredging seasons of 1983 ard 1984, it is faund that corals on 
the lcxll7er part of reef slop were matherd by sediment. W damage on the 

. After dredghg activity ended, the reef in upperpartwas=-- 
the bay &wed same sign of -em. 

study was 

. .  
It is observed that the chances of 

damage by ard the 

southwestMulsoonseason. 

tindredgesframthereefs 
br- the sedhent tothe 

ability L recover 
reefs as well as m e  the sedimat cfuring,- 

upon the tiistme of 
an3 the Imvanent of water within the area which 

T f i E - O F € 3 I O I U X W A N D ~ C ~ X l ? ~  
lQmxmma 
m v I D - d m n  
Bureau of Agricultural Ecmcmu 'cs, (3anberra, Am, Australia 

The regulation of Australian fisheries can be justified on the ~~OUXIS of 
, a given level of social welfare. imprwiq, or xdnbumg 

context, social welfare is -ressed in terms of e c o d c ,  biological and 
social objectives. All three objectives are important when deliberating on 
management strategies for Australian fisheries. 

In this 1 .  

Ram the econamic theory of marine-resoume exploitation it can be s h m  
that an overlap exists betwea biological, e c o d c  and social objectives 
of marine-resource managanent. % underlying relationship between these 
three objectives is the level of effort rxpeded in the fishery. whilst 
the regulation of effort can be used to achieve biological objectives, 
eamcnnic analyses are requked toascerbm ' whether or not the regulation 
achieves the other objecEives arfi to what extent. 
static mdel of economic b=haviour in the Northern 
of biologically ard ecamdcally based regulations 

a simple, 
the impact 
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The National Aquatic Resources Agency, Island1, Colombo 15, Sri Lanka 

The gap between the ideal ard the practical is well illustrated in the case 
of the declaration of Sri Lanka's one and only W i n e  sanctuaq - the 

Marine Sanctuary - under the Fauna and Flora Protech 'on Act in 
1979 and the non-implementation up to n m  of sanctuaq mations. 
the reasons for the non-implementation of the sanctuary m a t i o n s  are: 

~mong 

(1) 

(2) W h e a r t o f t h e s a n c b m y b e i n g a t r a d i t i ~ h a r b o u r f o r f ~  

(3) ?he authorities not king geared to m g e  the Marine 

Declaration of a Sanduary in a popular tourist area &perdent an the 
coral reefs to attract tourists. 

craft. 

Sancbmy due to lack of equipment and personnel trained in the 
ZaaMgement of such areas. 

Decision-mkers of many developing countries face a similar plight where 
conscience calls for controls on the eqloitation of coral reefs, W e  
socio-econCnnic conditions demand even w t e r  exploitation and create 
prablms of enforcing controls. m e  follming are discussed: 

(1) the reasons for the degradation of coral-reef ecosystems of Sri 
Lanka; 

(2) the SteF beirrJ taken ta stem the Wmdatian of coral reefs thrcplgh 
the establishmerrt of nolltiple-use zoned mine parks, initially in 
vulnerable areas; and 

' - A-Yadatian of coral reefs thrcplgh 
zoned mine parks, initially in 

(3) the need to give priority to the appliation of political/socio- 
emncdc criteria in addition to scientific criteria in site 
selection for marine parks and pmtected areas. 
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sudden chaqes in the caqxsition of the pmdcmmn ' t biota of a locatian 
may be irdicative of dqradation or of no& variability. 
P- have keen associatea with recent d k t w h x s  on the central 
Great Barrier Reef, namely, outbreaks of the crajn-of-thorns starfish, a 
mass bleaching of corals (the expulsion of symbiotic zoaxanthellae, 
result- in the death of corals) ard a severe tropical cyclone. In ea& 

such shifts in - has resulted in a shift from coral to algal 
W paper sumrrrarizes assessment of damage to coral camtrnrnities and initial 
attempts at predictive mdelling of a disturbed coral papulation. 
were marked differences in the patterns of coral mrtality caused by the 
threedisturbances . 
uniform with resped to species, depth ard aspect than that attributed to 
either bleaching or the cyclone. Mortality attributable to blea- was 
selective amng coral species, declined with depth ard was unrelated to 
aspect. mrtality attributable to the cyclone was difficult to quantify, 
since much of the coral was already killed by the starfish.  ever, there 
was a clear effeck of aspect and depth on the amount of dislcdgement ard 
breakage of live and dead coral. 
population wuld retain its abunhnce and size stmchre in the long term, 
despite m t e  disturbance every 1-3 decades. The predictions were mre 
sensitive to v t e r  values for grcwth rate and survivorship than 
regularity in recruitment. 

. 

coral mortality attributable to starfish was mre 

The mDdel predicted that one coral 

m l T a & E c I m ? A M ) ~ ~ I ( ~ ~ )  
-G. 
Centre for Esnrirarrmental ard Urban Studies, Macqyarie University, North 
FQ&, NSW, Australkt 

Australia's mainly coastal population sperds considerable recreation the 
on seashores. 
bait. 
main bait for the'drummer and as a stqjplemntaxy bait for other fish. 
pvUra is a large solitary ascidian that occupies much space luw on the 
shore and filters intertidal water for food. Prelimihary data will be 
preserrted from a study of the patterns of bait collection on several shores 
and the comequene of these for the dynamics and distribution of the 
ascidian. In particular, the sorts of infomation yielded by the sampling 
strategy and a pilot experiment simulating bait harvesting will be related 
to the sorts of mganent questions pertinent to this resource system. 
General asp&= of management-related research on ecosystems will be 
addressed. 

A main activity is fishing and the associated collection of 
Rock fisheman in New South Wales CClIlIIlDnly use the cunjevoi as a 
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US Forest Service, Yap Islard 

Just as the study of ~Crabio1cq-y reveals the cellular bask of life, so a 
Micmnesian peEpctl 've on use of marine resources is instructive on the 
basis of marine management in a microcosm. The Illicrocosn of this paper is 
a small gruup of islands in western Micronesia. 

mine managemnt in Yap involved amelioration of the impact of runoff frum 
the land as the result of an adaptive agricultural system. In the marine 
area per se, apprapriate methods ard timmirq of f- effort were based 
on a developed body of knowledge of the marine envhnment. Scxne 38 named 
fishhg metha% have thus far been dccmented in an ongohq etfort. N h  
of these methods, involving the use of stone fish weirs, hard nets, large 
nets, leaf sweep, poison ard a local version of FAD are APCCITibed in order 
to illustrate Yaps& low eneryy input, %ature intensivelf mrine 
t&ltlOlogy. 

 le basic principles of Yapese use of marine resources involved sharing 
apportionment of marine resaurces. These principles are illustrated with 
reference to the nine fishing methds. The en@asis on sharing of but 
apprtioned resources a m q  specific gruups appears to be a Micronesian 
mechanism which avoids res~urce depletion. The current adlability of new 
fossil fuel and capital intensive technologies ard orientation tmaxds a 
dollar economy supports a trend tclward fishing for - v i a  profit which 
iSleSSSUSbXl& le and pses greater ptmhal ' for rescrurce depletion. A 
neotraditional sysbn of marine managanent is needed but scientific 
apertke has not yet addressed this problem within a Micronesian cantat. 
Efforts and Support are needed for en situ science cammitted and adapted to 
the welfare of micro-nesias - small islands - ev-. 

Human activities have been strongly implicated in the occurrence of 
ciguatoxic fishes on coral reefs throughout the South Pacific. shipwrecks, 
harbour works, dredging anl vessels at anchor have been found to precede 
ciguatera outbreaks. This link is often explain& by the proliferation of 

toxicus, on macroalgae colonizing new surfaces. However, studies along the 
Queensland coast have not fourd a clear relationship between mcroalgae, 
the presumed elaborator of ciguatoxin, the dinoflagellate, Gamburdr 'scus 

or reef disturbam=. G. toxicus 
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~ i o l c g i c a l  data CM be used to demnstmte that there is a close 
cmnection between the occurre~lce of toxic fish and factors such as 
distance of coral reefs from shore and fram major centres of population. 
Both of these facbrs relate to the popularity of certain areas to line 
fish-. ?hese fishermen ccnrmronly clean their catch at sea. 
hypthesized that the disposal of the viscera of reef fishes anplifies the 
natural accumulation of ciguatoxin in the food chain increasirg the risk of 
human irrtcoricdtion. 

It is 

aF A ClSF- IMRNIQUE Fow - - axAL REEF 
FISH SlocRs IN lEIE m c A L  WEST mCrEzC -- 
Northern Fisheries Research Cerrtre, C a i n ~ ~ ,  Qld, Australia 

Thhteen per cent of the world's estimated 600,000 square kilox~~tks of 
shallaw coral reefs OCCUT in the southwest Pacific region. 
people who rely on reef-fish populations for food and recreation has 

reef fish stocks are showing signs of significant depletion. 

Results frena our surveys on the Great Barrier Reef demnstrate that the 
abm%nce of a 'keystone' predator species is closely related to aistance 
f m ~ m  major human m a t i m  centres. 
fishing has the secondary effect of changing the species capsition of the 
demersal fish carmnunity. 

?he number of 

dramatically aver the last two df2E&2s to the point that same. 

Removal of this predator thKJugh 

While the SeCoTdary &angw in community stmctum are apparently 
unpredictable, it is possible to calculate a measure of CQmrrmnitY flux that 
can be use3 for the nmagement of 'keystone' predator target species. 

€lmQwnJEmmcsm!mEMARINE~ 
B=RUUX3DaoMa 
Marine Science Institute, ~uezon city, Philippines 

The WEsrpAc region represents one of the M3st populous regions of the 
world, with the majority of the membershl 'p d o n h a w  by developing 
countries. Nowhere else is the depenaenCe on living resources by coastal 
papulations so mitical. Hence, the pressures on the marine e m h m e n t  
fmm fishing, in addition to pressures fmn coastal development and from . 
other uses of non-living lfesoultces, are at a critical level. 

' 
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The impacrts of human activitip.r on mangrove resources may be used as one of 

Present studies on stresses ard on management efforts present a good 
example. Man's activities in the --shelf areas range fram extradion of 
resamxs to their use for navigation and the disposal of wastes, but the 
attention ncrw focussed on coral reefs may serve best to highlight the 
conflicts k & w e e I l ~  users and resource m g - .  The mitigation of 
stresses is perhaps the major task facixq mnagers concerned with the 
marine environment. 

the most striking exaqles of man's influence on the nearshore environment. 

m E c l P E N , Q I F I T p ~ :  REVIEwaFmmN- 
LXNAUlAEANUXX 
westexn Australian m i n e  Research mratories, Perth, WA, Australia 

For present ~xlrposes, the marine envimrm=nt has been classified into three 
physical zones - the Littoral Zone, the Open-Shelf m h m e n t  and coral 
Reef. since the bourdaries are arbitrary, there will inevitably be sam 
csverlap, but for this m i e w  the subject matter will be related to the area 
between law water of ordinary spr- tides and the edge of the continental 
shelf; i.e., ta a depth varying to 200 metres. 

influences may have a dual role in affecting the marine environment, 
firstly in a causative manner ard secondly in pmidirq a e, in which 
case the enphasis m e s  into marine management. 

While the effects of human influence may s a ~ t b s ,  eXr=ept to the prist, 
be considered to be beneficial; e.g., those associated with mariculture or 
habitat llinpmemmtt' for stock enhancement purposes, for the mst part the 
Cannatation has hen one of detriment, encampassing the consequen~ of 
exploitation of living resources in excess of sustainable levels, habitat 
modification f m  m&mm 'ail and physical interference and pollution fram 
substances resulting frclm man's activities. 

Habitat modification may result directl y fram harkcur and marine 
develop=rLs, dredging, blasting, mining, aggregate extraction and durnphq, 
seabed pipelines and cables, and effluent discharges. 
special significance to the open shelf are the 

with'lazzdized problems frm~ aband~ned fishing gear. 
assemblages may became nvsaified by fishiq and aquacultural activities, and 
ncm-indigenous organismS m y  be delikerately or accidentally introauced or 
translocated. 

III a category of 

~aunal anti floral 

of fishing 
prackices which may dixectl Y or - ynrodify the errvirorrmerrt I wet+= a .  
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Folluting infl- include &dcals fmrm effluents, dumping an3 other 
human activities, nutrients, oils and dispersan ts, thermal pollution, 
radioactive wastes and so on. 

such actual anl potential sources of human influence and their canseuuena=s 
will be reviewed, in the aqectation that 
mre detailed examples ard case histories 
included. 

contributed 
of the nqre 

papers will pGvide 
important topics 

'F€iYsIa€aF€IIC UNIT1 OF !mE ImzImaL BcusysllEM As !En3 zcKuAL SI333 QF ImMaN 
INFmmcz, AND EIE -- aF !mE EamxIm - 
MAsmKtI€Rmmzn 
Deprhmk of Biology, Faculty of Science, cl.riba University, Chiba City, 
Japan 

It is important to recOQnize the &pe and areal llmits of the 
~lphysiographic unit" of a coastal ecoqskm for the study of a given 
r e g i e  ecosystem ard for the purposes of marine managenent. 
is annp=ed of a recess of coast linebet~een lxm headlands; e.g., 4- 
enclosed and open bays. 

neighkmurhg units. 

Ecological pmcesss in a given locality within the physicgraphic unit are 
strongly influenced by the l%cation factor" which is thought to be a 
cumbination of major tqqrawcal features of the bay, local bottam 
toposraphy, mement of sea water, inflaw of lan3 water, etc. Ecol0giw.l 
processes shaw a prominent seasorality, and wen in low latitudes, where 
the temperature shms only little m e ,  the axMunt of precipitation and 
thedixectl 'on ard intensity of wind change greatly in different mnscm 
seasans. In Tokyo my, there are two gyres of sea water within the bay. 
In the seasan of the summer stratification, the red tide tends to develop 

in the battam layer of this area, the q e n  deficiency c a m  by an excess 
of oryanic matter makes the battam almsst azoic. ?zlis azoic area spreads 
frnm this lccation over the whole bay due to pollution, and shrinks to the 
original area when human impact is lpcc+lmFyl. In Jakarta Bay, the water is 
rather stagnant in the season of the eastern mnsoon, and polluted water of 
the bayhead flows out along a submarine ridge with wall-like topography. 
In the western nmscon season, a drop of salinity can be fourd only in the 
sautheastern corner of the bay, where quantities of land water flm in, and 
the rough seas cause coastal erosion. 

such a unit 

All ecological processes, incl- human effects, 
tly of OCCUT within the confines of this single unit mre or less 

in the central areas of one of the gyres in the inner half of the bay, and 
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'IDIE-pAIEaF-L--- INlKmIimw 
AlEIwmA,m-a?-- 
XX33U!EJCW?WESandJW- 
CSm, Divbion of Fisheries Research, Habart, Tas, Australia 

 he ac.lusive right to abtain sea food fram adjacent coastal'wa~ has 
been held traditianally by various Aboriginal g~xtps and Torres Strait 
Islanders in northern Australia. Sarne who have worked in other 
parts of the world regard such rights as an aid to contemporay fishery 
management. Others hold them to be an h p d h m t  0 -differing 
pitions reflect the varied nature of the diffexent traditiond fishFng 
rights systems studied, and neither position constitutes a valid 
generalization. Each traditional fishing rights s y s h  xmt be assessed 
individually in this regard. 

Three basic questions should be answered toinake this assessment: 
the system contribute, or have the potential to contribute, to the 
conservatim of sea food stocks? 
govexment fisheries policy? (3) How stmngly is the system held today? 

systems of fishiq rights. A C C O ~  to the for+o- criteria, OIE syst.~m 
plays a useful, if minor, role in fisheries manag-t, w5Lile the other 
does not. Ham-& f w  rights (fishing rights in the shallclw waters 
surrounding inhabited islands) function t~ allocate marine in the 
vicinity of villages, and to conserve 1- ppulations of n0n-mi-b~ 
species. Exterded fishing rights (fishing rights, in mre distant waters 
within the Strait) are no longer absenred. 

with 
 measure^ set up to allocate d manage fisheries urder the prwisions of 
the Torres strait Treaty. 

legal 
i s s u e k m h e r e .  

(1) Does 

(2) Is the system cmpatihhle with 

The Torres strait Islanders traditionally exercised two Ccanp1- 

meir re-establ' 
by one Islarder  cum^^^ 'ty, wuuld 

in Northem Australia should be similarly evaluated. 
-ti- fishkg rights system of Aboriginal 

m m  and 
must  SO be addressed, hcwever, not just the utilitarian 

EFFElcTaF~oN~AIL;ALrm%zAaF'IHE-= 1 

T lAl&uEm 
National Herbarium of New South Wales, Royal Botanic Gardens, Sydney, Nm, 
Australia 

Drainage fr~m ~rban wastes, including sewage, is frequently poured into the 
ccean with minimal pmtzeatment. =ial debris, heavy metals and 
pesticides are obvicrusly damaging to the organisms l i v m  near such 
outlets. effect of Sewage is less knuwn. studies have shown that, 
with i~.ted 
smaller thrive. With increased annun- Of sewage even the mm 
tolerant species can also disappear. 

of sewage, many species d- or uppear, 2 
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studies, over several years, of the effect of new sewage outlets at an 
oceanic and an estuarine location, have demonstrated this effect in zones 
around an outlet ard have sham that the volume and pre-treatment of sewage 
appear to control the degree of W g e  caused. 

-CIF=- 
RIUlARDAXEXXMXW 
Great Barrier Reef Marine Park Authority, TaJnsville, Qld, Australia . 

aZe major azpct of the natural enviranwnt that can be mnaged is the 
inpact of human activity. Managmat of marine environments has generally 
developed frum managexent of sbqle activities such as fishirrg or shipping. 
Inmany parts of the world it has gruwn on the bash of managing the 

inexhaustible. Su&unab ' le managemmt of marine resmmes is hcaning 
increasingly important to the welfare of human societies. 

which until Calpatively recerrtly were considered virtually . 

A IGZY to developing successful m a n a g e  &tegies for marine 
envhuments lies in ' the extent ard impact of human 
activities. A key to ing?lemnthg such strategies lies in generathq 
appreciation of impads and the 10ng-ten.n economic hprtance to resource 
users and governments of the htenance of marine ernrirormaents. 

A range of managemnt Options is discussed with the assuqtions ard 
infonnation needs that -lie them or flcw from their adoption. 

, 

~ ~ ~ a F s E A ~ ~ ~ I l s E o F K l s s E I s ~ R x J L ; e 3 c s o F  
NA-vxGATIm HmYS IN a3.E Em-- SEAS OF PIE 
NK- A 

Pacific Institute of Geography ard Institute of Marine Biology, Far East 
science centre, Vladivcstnk, USSR 

~n order to obtain caparable res;zlts in dtorirq of the chemical 
ampsition of sea water with irdicator~organhrs, selection of such 
organisms, for -le mlluscs, must be standardized with reference to 
age, sac, physiological state, depth of habitat, hydrological situation 
etc. Use of mussels from fouling camunities inhabiting hydrcgraphical 
buoysmeetstherequirementsofsuchsbr&uxh 'zation. 
been studying the content of heavy metals in the mussel Mytilus edulb 
gmwing on hyzlrosraphical buoys set annually for the navigation period 
a l q  the shores of the far-eastern seas. 
in autumn at remmal of the buoys provides a Uniform sampling 
representative of a vast distance along the shores. 

S h e  1981, we have 

collection of mussel yearlings 
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A ccnrrparison of the content of zinc and cadmium in mussels fmm buoy 
foulhp along the northwestern shores of the Sea of Japan has Shawn that 
the hydrochemical situation in the region remains practicdlly invariable: 
the plr3dn wncentrations of zinc ard cadmium in soft tissues of rrmssels 
were, 
and, December 1984, 95-108 and 1.6-1.8 ug;/g ma-, respectively. 

December 1981, the range of 98-118 and 1.7-2.0 ug/g dry matter 

w w m M m ! r a F ~ I s L A N D ~ - A t ? ~ ~  
BRlANRKING 
Queensland National Parks and Wildlife SWice, TaJnsville, Qld, Australia 

Rtxent surveys ard ban3irq studies of Great Barrier Reef 6ea birds Mate 
that sam species range widely through the sw Pacific ocean. Similarly the 
mrresian -M Pigeon migi-ates annually between northern ~ustralia-and 
PNG. %se species may moss a number of political boundaries in their 
movements and are subjected to a variety of pressures fram human 
interference. 
major breedhq stodks of several species of bhds. 

% Great Barrier Reef and coral sea islands may mtain the 

Increasing visitar pressure r&y in future degrade some Great Barrier Reef 
colonies. + Respansibility for management of this resaurce must increasingly 
brolve the user countries. A co-opemthe approach to detennine region- 

for. 
wide status and pressures and to imp1enEnt maMgenErlt procedures is called 

aF anAL REEFS rn mcREAsm -m m IxNEsITC - 
DONALDw- 
Great Barrier Reef Marine Park Authority, Tawnsville, Qld, Australia 

Studies of the respo~lses of coral reefs to human influences W l y  
indicate that the imposed stresses are frequently chronic rather than 
critical. 'lheir effects may be tolerated over extended time. Actual 
"destructionll of such reefs is still comaity caused by mtural phenomena 
such as stom, freshwater runoff or perhaps even crcrwn-of-tho~ starfish 
infestatim. 

hpsed long-tem chronic stress. 
coimrrmnity lrodification occurred over very extended tine. sewage caused the 
CQmmUnity ta shift tclwards hetemtmphy a c c a p m  'ed by substzate buridl. However, mst dramatic shifts seem to have OccUzTed episoaically as the 
result of major runoff events. . 

m e  contiming chronic stress then makes it unlikely that 
recovery will cccur. % principal case history examined is that 

of Kaneahe Bay, Hawaii, where sewage (prior to 1978) and sdimxrt runoff 
Considerable progressive coral reef 
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SEA-: ASBARmIM!DWWICBUJLRESXPLX 
m J I i R 4 R E  
Queensland National parks and Wildlife Service, Tmnsville, Qld, Australia 

six species of sea turtles OCCUT widely in coral reef and inshore ccastal 
feeding grounds of the eastern Indian Ocean aryl westem Pacific ocean 
regions. There are few major breeding sites for each species within the 
region. 
feeding grcxnd to a traditional nesting beach. Turtles fram the sazrre 
breedhq area will be drawn from many widely scattered feeding gKxnds. 
For many natims of the region, sea turtles are important to the COastdL 
&ties as a food saurce (meat, eggs) or for txading. 
in populations as a result of aver harvest have occurred in many camtriec. 
In addition, there appears to be an increasing hamest pressure on 
mnainhg sea turtles. its migration, a turtle may be available for 
harvestirig by hunters fram several nationS. Also, hen all f- grourds 
for the turtles breeding at the one locality are considered, it beccnrres 
abviaus that many nations are hrvestiq fram the one stock of turtles. 

&ider, for example, the green turtles harvested in eastern Imionesia for 
sale in the Ball markets. Tag recoveries show that these turtles could 
originate fram rookeries as far east as Raine Islard in the Great Barrier 
Reef or as far west as the Turtle Islards of Sabah and southern 
Philippines. &I aver harvest of the turtles at this f e  ground can 
affect b e  at these distant mokeries. Similarly, an aver harvest of 
eggs at the Wippine turtle isl- will reduce turtle numbers in the 
Irdonesian feedbg grocnd. 

route to *e Island could also affect turtle numbers in Indonesia. Sea 
turtles mLlst be reccgnised as a shared international resource and managed 
accordingly. 

Sea turtles can mdke long migrations, h excess of 2500 )an, fKZ0 a 

Major declines 

An aver harvest by PNG and Australian 
indigenous fi.dmm?n of migrating turtles passing through Torres strait on 

G l 2 w r c I x 4 l 4 A K I a J X 3 u R E I N ~ ~ ~  
JCBNSIDQS 
Zoolcgy De@, James cook UniverSity, Townsville, Qld, Australia 

New biological data and the recognition that natural stodks of giant clams 
are declining tlramatically through mefishing have resulted in 
hestigations of the mariculture of giant clams. Reseanc=h at James coak 
university has focussed on the mariculture of Tridacna gigas, the largest 
and fastestqm&g species of giant clam. 
have been o v m ,  including selection of broodstodk, spawning iIdXtiOn 
and heavy mortality of the early juveniles during the nursery phase. 
caparison of growth and survival of T. qigas juveniles in four positions 
for holding them during the ocean-nursery phase, the littoral benthic 
position gave near maximLrm growth rates an3 very high survival. 
protected fringing reef gave much better growth rates than an 
fringing reef despite mre oceanic conditiolls at the latter site. 

A rnmker of biological prablemS 

In a 

A 

Initial 



of the juvenile clams' tolerance of intertidal exposure suggests 

Large-scale systems for mariculture of T. gigas in the 
that they can tolerate 4 hours meM expcaxe per day without fstmI%Jly 
adverse effects. 
littoral fringiq reef emiromrent are now being developed. 

This paper describes aquaculture developmat in W a n d  durw the past 
decade. 
hCnB3esteadiL y while mariculture producb 'on falls shaxply. After 
reviewing the water pollution prablems both in tena of cocygen-depleting 
wastes arrd -istent chemicals, it is believed that such ~roblems became 

Fresh-water and brackish-water aquaculture has a tmdency to 

more 
Gulf 

or 1esC a limiw factor for aquaculture ~elopmat-in the ~nner 
of Thailand. 

. .  
--BY awnnEuA SPP., RH) TI13e - IN - zclwps 
-CJKAIUXC, S X N l ! A N I , J HlRAKIasldW~ 
Faculty of lqriculture, -gam University, %gam Prefecture, Japan 

1r0n is ham as one of the mi-nutrients to enhance the gruwth of marine 
phytoplankters. soluble iron is also required for the culture of 
Chattonella m., Raphydophy ceae. merequirernlentforthenraximumgrowth. 
in batch culture is about lpM as =-Fe. The half-saturation CMstMt for 
uptake of =-Fe is estimated by the authors to be about 0.5uM. 

Chattunella red tides appear frequently & the Harh N&, eastern part of 
the Set0 Inlard Sea, Japan. 
was usually foml h the raqe fram 0.04 to O.lp,/l. 
total iran range frena 0.7 to 1.4prqll. 

on the occasion of the red tide due to C. mrina in ~uly 1983, 24-32% of 
total iron in the water column f m  the surface layer to 5m depth were 
absorbed by C. marina. 

In sea water of the Harh Nada, soluble h n  
Cmcentrations of 

m e  high utilization by C. marina leads us to 
speculate the presence of an active absorption medmusm ' ofironin 
Chattonella. 

The presence of siderqhores in c. marina and C. antiqua were ascertained. 
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~ l w p a c T a F ~ ( 3 N p I E ~ ~ C I F ~ s l R z u T ~  
I A N € Q l N E R EUXlA~ 
SIR3 Division of Fisheries Research, Clevelard, Qld, Australia 

Initially, the fish camunities ani turtle populations of an area (SE Gulf 

prior to the advent of trawl- (1963-64) to &te the larrg-term effects 
of trawlirq. ?here were nonsignificant m e s  in turtle cat& rates. 

For the fish -ties, statistid caparisons of species richness/site, 
abm%nce/site d the relative importance of different species were made 
us- matched pairs of sites ani gruups of sites generated using log-book 
effort values and numerid classification of species abundance valw. 
 here were significant decreases in the -=/site, significant 
inmases in the xnnnber of species/site axxi significant changes in the 
relative importance of different species. 

Intheseccold~ofthestudy,camstatistics(traditionalani 
artisnal) were collected frum the islarrl canrrmunity (Yorke Island) centred 
in the trawl grounds to measure the marine - important to mrres 
strait islarderS. The mDst important resaurces were: &rids, siganids, 
carangids, serranids, mullets, labrids, lutjanids, hamdids, lethrinids, 
scarids, pairrted lobsters, grem turths, strumbids, tridacnids and 
trochids. relative importance of each taxon ani its wnstituenb 
Varied Seas0nallya-d d e w  on a variety of biological, sccial ani 
economic factors. 

In the third segment of the study, trawl cxuises were 
in the mxres strait to: measure the levd of averlap between the 
wtional/artimal fisheries and cammercial trawling; and the seas~nal 
effects of tsawling an fish carmrmnities. The CQmmerCial b y e t &  frcrm 
September to February incl- significant catches of lcksters (Panulbms 
ornatus) and reefal fishes, e.g., holocentrids, scarids and siganids, 
whereas at other times juvenile lutjanids ani haemulids occur in noticeable 
numbers. s-y, there was a decrease in fish abundance which 
correlated with the seasanal distributian of, and was probably due to, 
trawling effort. 

OfCarpentaria) a u r e r r t l y ~ f i s h e d w e r e ~ w i t h t h e s a m e a r e a  

seasonally 

' 

IMPlCL' CIF A JRAWWIC IN FISElNZ CN c]cwAL 
F ? E E F n  
G?iRRYIzLlssrmd~CAIQUA 
Deparhnent of zoology, university of sydney, Sydney, Nsw, Australia 

Fishing is the m t  important exploitative activity on coral reefs of the 
westem Pacific. 
manipulative or naturdL experiments, of the impact of fishirq on 
assemblages of coral reef fishes. 
experiment that led to a dramatic increase in fishing pressure within a 
75Om-long marhe reserve in the CentrdL Philippines. 
previously protected from fishing for ten years (1974-1984). 

Despite this there are few direct tests, utilizing 

paper reports on a n a M  

This reserve had been 
&fore 
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fishhq began (in early 1984) the site had a significantly higher abmdaxe 
of fishes, particularly those considered to be favoured targets of 
fishermen (e.g., serranids, lutjanids, lethrinids), than similar sites that 
were fished. Abundances were estimated us- a visual. census technique. 

destructive, non-selective fishhg methods, such as explosives and drive 
nets. 

The dramatic increase in fishing pressure involved fishing by up to 100 
fishemen using trap, handlines, gillnets, spears and occasianally mre 

Fkhhgbeganafterp- ‘ve management broke down an3 continued 
for a period of 18 m t h s  before the reserve was recensused. Fkhirq 
pressure decreased the of many taryet species significantly. 
several surprisingly large decreases in abzuxlance of small, numerically 
domhant, planktivorcxls species appeared also to be a direct cansequence 
the hcrease in fishing pressure, despite the fact that they were not 
favoured taryets. is attributed largely to the effects of the mn- 
selective mthds. fishing pressure had a far wider impact on the 
carammiw of fishes than the predicted 
species. 

in abundance of target 

I.mlmxL=: l4mAaNGm”-a?-- =- 
for coastal kgement, NRCAE, -re; NSW, Australia 

of 

~ittoral zones’ are rarely very wide, are invariably long and are ~ o i n g  
conthml changs. cansequently, they are dynamic and largely 1- 
systems in that no-man’s area which separates the 1- and seawan3 
segments of the broader ccastal zone. On the one hand, these systems are 
shaped by a cxnnbimtion of terrestrial ard mine processes, while on the 
other, they enclose m a t i o n s  which largely want to live near, enter 
into, or pass thmugh these systems. 
subjected to intense ~tural stresses as well as such man-induced pressures 
as the modificatiun of the littoral mircmmnt ard the direct exploitation 
of intextl ‘dal systems. Management of these systems has been largely 
unsuccessful; hmever, management of the man-induced pressures on these 
systems is bath possible d necessary if long-term net benefits are to be 
derived while the littoral. resources are safeguarded. ’Ilhe development of 
an appropriate methcdoloqr for management of littoral pressures is urgent. 
It cannot await the collection of all the data on the system that may be 
relevant but must be sufficiently flexible to be able to absorb new 
information as it becames available. MO= importantly, its iqlementation 
rrmst involve a form of l)rrm.tUal cosrciontl mutually agreed on by the majority 
of those gmups respnsible for the pressures. 

As a result, these systems are 
- 
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lzle divezse fish cammunity on the continental shelf of Nw Australia has 
been exploited since 1959. ?he history of exploitatim is summrized, a d  
changes in fish CQrmrmnitY stmctue during this exploitation are inferred 
fmm research survey data. Possible reasons for the ohserved changes are 
discussed, including the direct mdification of the 
trawling. 

habitat by 

same present manag& guestions involve evaluation of several broad 
fishexy options, each of which requires that a different configuration of 
the fish-ammnmity be achieved and maintained. W are high levels of 
unertahty associated with the biological and ecomnic mnsequmces of any 
a- tcrward nmipulation of CQmmUnity stmcture, partly as a result of 

about dynamics of the resoume. A methodology for evaluatiq 
paterrtial rranagement actions, which includes su& ' 'es, isbriefly 
described. It is applied to the Nw shelf fishery and used to define 
h a m e  strategies that are expcted to be infomative of the 
carmmrnity's dynamics and ecancrmically beneficial. 

lLrterrzational trade in seashells in Thailak is ' while corals 
preventing expxt which was brought into effect recently. The tsade h 
salt-water aquarim fishes in miland is still not in great W. 
ard information collcerning the collecting areas and processing procezture 
arediscussed tcgethex with the ptentid pressure from these collections 

whichused to be €9qated in the past, are rn w- to the law 

Data 

mthe reef ecosystem. 
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mthcds are discussed and outlines of surveys ani experiments are presented 
that examine the effects of human reCreational activities on the - 
distribution, abundance and structure of coastal biological Camrmnrities. 

survey techniques were developed that involve aunts ard interviews of 
people visiting the seashore. 
for food 2LTd/or bait are detennined, as are the numbers of fishermen ard 
S C Z W ~ J ~ ~ ~  frequenting the shore. mta frcrm pilot studies US- these 
methods as- the VariQUs impacts of human recreatian during different 
+_imps of theyear, mweekdays and weekerds ard an sunny ard ovc3nlstdays. 

makers and -is of organisms remcrved 

canprisons are currerrtly being made of the effect of humans over a laxye 
spatial scale, a a m h h g  several stretches of shore alollg the New South 
wales coast. 
censused using methods developed in previous pilot studies.  ram these 
data, infonuatim on the effects of humns will be abtained ard 
manipulative field experhts will be designed to assess the 19-texm 
importance of these influences. ?hese will imolve artificial removal of 
crabs, cunjevoi, limpets etc. frcna certam ' places, ard canparing the 
camunities there with those in untau&ed controls. Alternative hamesting 
strategies will also be simulated. sev& experiments are m y  
-y that assess optimal harvesting strategies for kelp plants, in 
addition to the 

marine COllTmunities at these locations are also being 

of such harvesting for the rest of the 
camnmtnity. ,' 

we anticipate that the major results of this study will be the aqyisitian 
of sufficient -ling ard aperimenkd. data to enable us to prcduce plans 
for the laaMgQaent and p m  'on of these carmmtnities, 
habitats, with respect to huzMn use. 

anl of coastal 

the Netherlands 

?zle snellius-n: -tim in eastern Inaonesian waters, the centre of the 
world fram the pint of view of coral reef scientists, naturally included 
reef research. 
because of the great e c o d c  importance of the reefs, quite a lot of 
attention was given to aspects of exploitation, mnitorbq and management. 

It was a shipbased expedition of short duration, which has 
as well as advantages. 
discussed, particularly fram the reef-manag-t point of view. 

Most issues of the prograrmne were purely scientific but, 

ges 
operational ard methodological aspects will be 
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Eastern Irvlanesia is a large area with an enormus surface of coral reef, a 
great variety of reef camunities and marry different ways of exploitation. 
Relative to the magnitude of the managexrent tasks, the available research 
capability is still urden%~elaped, quantitatively but partiailarly 
qualitatively. 
monitoriq methods were important topics of the eqditicm. 

Tdnhj ard develcprmt of feasible research and 

Methods hcluded aerial photography, field 
&adantized reef transect studies, taxor#-rmic hentories of dgae as well 

socio-econumic aspects, particularly fisheries. 

under m-, 
as several groups of anhls, sea grass carmrmnity studies, ard studies of 

_ _  

xzsmuEs xscmxlm Wrm axwl REEES IN RG : PIE €ax-AND-xmE TlJN2l 
ArEEzmaANDAlzmmAL~-- 
?NtRE?- 
Department of Primary Industry, Fisheries Research Lab, Box 
101, Kajiena, Papua New Guinea 

Each year during the operation of Papua New Guinea's (PNG's) damestic pole- 
ard-line tuna fishery, an average of 900 tonnes of small, largely 
schooling, pelagic fish were hamested for bait. The target species were 
stolephodd achcnries an3 sprats but, in addiean, more than 300 ather 
species have been recorded fmm baiting operations which are amentrated 
in reef-fringed, coastal lagoons. 
smdl-scale fisheries carried out by coastal residents who caplained their 
c a w  of larger reef-associated fish were adversely affected by the * ~ 

baiting operations. 

presented here are brief descriptions of the bait fishery ard the artkaml 
reef-associated fishery. Trophic relationships have been examined inan 
a- to detennine to what extent the bait-fish resource is a shared 
resaurce between the fish exploited by the wastal fishennen ard the 

These lagoons are also the sites of 
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Queenslard National Parks an3 Wildlife Service, Townsville, Qld, Australia 

my-b-day m g m  Of the Great Barrier Reef Marine Park is undertaken 
by the Queensland National parks and Wildlife Service (QNFWS), on behalf of 
the Great Barrier Reef mine Park Authority ( G m A ) .  lzle aNEws also 
carries out daily management of Queensland Marine Parks located in the 
Great Barrier Reef region, and is responsible for all aspects of the 
management of national and envimnmntal parks. Park managemnt duties 
include surveillance and patrols, enforcement, research and d t o r i q ,  
management planning, and a particular enp3hasis on public education ard 
liaison with park users. 

Barrier Reef Marine Park nears capletion, an increaShq area of marine 
park is cmhg &er d a y - M y  management. ?he QN€WS faces particular 
challenges with management of the mst easily accessible and heavily used 
areas, for -le the whitsunday Islands area, where usage of nunemus 
M~~OII& park islands ard adjacent marine park areas is rapidly ir#reasing 
with the expmsion of the tourism industry. 

Rs zonilq of the reminhg central and'SOuthern sections of the Great I 

project focusses on the by-catch fish species cumposition fram the 
foreign vessel demersal fishery in the Arafura Sea, Timor Sea an3 north- ' 

west shelf. 
pd~trawlers opemtional s h  1971 and Thailand Sterntrawlers. ?he 
Thailand venture entered the fishery in late 1985 and is presently 
utilizing almst Wished stocks to the north of the Goulburn Islands, 
Arafura sea. TIX? caparison between unfished and qloited demersal fish 
assemblages allows an examination of the impact of trawling on apen=shelf 
fishstodkstobemade. 

?here are two fishing operations in the fishery- Taiwanese 
.. 
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Ihirty-01~ papers and two poster sessions were given on this 
Topic. The variety of subjects was notable, but the principal emphasis was 
on c o d  reefs or the ~ ~ n y  kinds of organisms associated with them, and on 
fisheries. Six papers ard one poster were presented on various aspects of 
coral reefs. 

The Irdo-Pacific region, in the tropical zone, is the world's 
major depositary of coral reef -, and interest at this Sympsium, 
under Topic 4, centred on the main factors affecting the reef ecosystem. m e  
most important effects are the ~tural ones. 

Llone told us about the effects of three of these factors: storm 
surges, IMSS bleaching (a lost of zooxanthellae) and crawn-of-thorns 
starfish predation. However, fresh-water run-off may also have serious 
adverse effects. 

Bell/&ttle/fhnp shuwed us a methcd (barriers) of wntmlling 
starfish infestations, and de Silva illustrated the acute difficulties of 
m g i n g  coral reef areas in Sri Lanka in the face of ccrmpeting objectives: 
conservation and exploitation for touristic purposes. mis is also the 
problem f a c m  thce charged with managing the Great Barrier Reef, as 
DineSen's Poster showed us. 

Kinsey illustrated two kinds of human h p c t  on coral reefs: 
sewage discharge and sedimentation, due to human activity. These effects 
tend to be chronic and, while not always kill- the reef, tend to keep it 
in a perpetual state of ill health. The reef therefore tends to serve no 
good purpose or achieve any clear objective, at all. 

G i . l l e s p i e ~ / H o ~ ~  pointed out the relationship between 
outbreaks of ciguatem poisoning (by affected fish) and several human 
activities, including an apparently harmless one such as anchoring ships in 
the vicinity of a coral reef. 

of these aspects were studied also during the Snellius I1 
Expedition, as van der Iard explained to us. 

There were seven paperr; and a poster presentation on fisheries, as 
one form of significant human influence on the marine environment. 

It is quite clear that it is rarely possible, at present, to 
harmonize biological (e.g., conservation, maximum sustainable yield) and 
economic (e.g., control of fishing effort, lMximization of price, etc.) 
objectives, as well as social objectives, as O o l l i n s ~  shuwed us for the 
northern prawn fishery in Australia. 

Three papers discussed social aspects of local fisheries. 
€tww@xcis estimated the effects of trawling on the fish and turtles of 
the south-east corner of the Gulf of Carpentaria and, therefore, on the life 
of Torres Strait islanders. The addition of one human influence (traw1i.n~) 

I 

A text not hav& been made available, these remarks are developed 
here frrnn notes 
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on another (local artisanal fishing) was of great interest, since the 
trawlbg drastically alter& the ccanposition of the fish Ccrmrmnities, hence 
the availability of traditional species to the islanders. The relationship 
between traditional fishing rights and non-traditional (i.e., recent, more 
dern mthods of exploitation, such as trawling) as a basis for m g e m n t  
of the resumes we= compared for us by Jaharau?s/hcI%rW, but the 
answers are still far f m  simple, since, here again, biological, econoPnic 
and social (even moral) objectives cannot be readily harmonized. sain&my 
also concluded that management d d  pmbably best be based on the fish 
cammunity itself, in north-western Australia, but the necessary manipulation 
of the d t y  structure by control of fishing (including fishing methds) 
is still fraught with uncertainty at our present level of urderstanding of 
such canmunitis. 

Russ/Alcala showed us the effects of a dramtic increase in 
fishing pressure on a smdll marine (coral reef) resenre in the Philippines 
after it was opened up for about a year and a half. ?he effects were far 
m r e  widespread than expcted: although preferred species declined in 
abundance, there were sane very large reductions in non-taryet species, 
which they attributed to the wide variety of fishing methcds used. 

In spite of the difficulty of assesshq the effects of fishing am3 
other f o m  of human influence on coral-reef fish stccks, Goeden was able to 
offer a relatively simple technique for assessh~ the abundance of what he 
calls %eystonett predator species, h t  the problem of secondary changes in 
camunity structure remain to be elucidated. 

WO papers dealt with the effects of bait collection on coral- 
reef resources. m e  bait taken for use in tuna pole-&-line fisheries 
around Papua New Guinea adversely affects local artisanal reef fisheries; so 
here too, we have a conflict of interests that needs to be studied and 
resolved. 

Fairiveather concentrated on the effects on a genus of ascidians 
(and their associated littoral cormnunity) of exploiting them as bait for 
inshore drum fish. Such local and limited studies may still prwide insight 
to the general question of the effects of qloitation on other kinas of 
marine organism. 

v l s  poster shmed an interesting camparison of 
exploited and unfished demersal stocks. 

The need for many mre detailed studies of the effects of 
exploitation of fish catmumities is the obvicus conclusion to be dx-awn from 
these papers. 

It was therefore scrmewhat disappoint- that only two papers dealt 
with non-fish living resources of considerable impOrtance: sea birds and 
marine turtles. 

Kbq shmed us that many of the birds living on and off the Great 
E3arrie.r Reef range widely throughout the south-western Pacific; since some 
of them undertake major migrations, there is a real need to study the 
abundance and distribution of these birds an3 the human influences on them, 
not least on the Great Barrier Reef itself. 
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AS Limrpus eqlained to us, a similar Arqump_nt applies to the 
marine turtles of the Indo-Pacific Cmvqence, the maze so since, far more 
than the birds, turtles are exploited directly by human beings. There is an 
urgent need for at least Australia, Indonesia, Papua New Guinea and the 
Philippines to address seriously the question of m g i q  the existing 
stocks. 

mere were four other papers on biological aspects of Indo-Pacific 
resources, but they all have in c m m n  the problem of degradation of the 
e n v h m t  or over-exploitation of living resoums. Thus, Iuas described 
the develcprment of giant-clam cultu~ as a result of natural stacks being 
depressed by over-fishing. 

~ m e s  found a negative effect of untreated sewage on littoral 
algae; a partial solution appears possible through greater trratmnt of the 
sewage before discharge. 

mere was only one paper on red tides and that was specifically on 

Thus, Okaichi/Montani/Hiralci/Tohyasu suggest that the 
mobilization of iron is likely to p m t e  mattonella bloams. It appears 
necessary to increase our attention to red tides and other kinds of 
phytoplankton blocxrrs and to discriminate better between natural and h m  
influences on their generation. 

the mrption of iron by mtbnella. 

Finally, from the biological standpoint, Suiara reminded US that 
the increasing international trade in shells, corals and aquarim fishes is 
the cause of additional human pressure on coral-reef and other littoral 
resoun=es and ecosystertts. 

‘Ibming to the changes in the marine envirornnent of a mn- 
biological nature, and before summarizing the question of marine 
envhnmental management, four papers dealt with various aspec.tS of marine 
pollution. 

Anikiev/IlyctW described for us .haw quickly the marine 
environment responds to the imput of pollutants. The latter, in making their 
way to the sea, often thrvugh rivers and estuaries, also greatly affect the 

The persistence of pollutant supply to coastal waters also limits 
possibilities for develop- aquaculture in Thailand, as s h m  by Wmsveta. 
Here again, we see the need for a choice, or a better choice, to be made 
between the use of sea water (or brackish water) for growi.r~~ fish or for 
receiving inCtustrial/agricultural wastes. 

M m  geochemical p-. 

Likewise, and her co-workers, stressed the need for a 
balanced choice between conserving coral reefs, as sources of food and 
pleasure, and dredqw the sea bed for tin, in miland. Ferhaps by careful - -  
choice of dredging sites in relation to. the site 
coastal currents (as carriers of dredge sediment), 
could be made. 

It is, in many cases, clear that increased 
Werstading, of mussels (and other organisms) as 
input to coastal waters is desirable. Kristofarwa 

of the reefs- and the 
an o p t h  axrangement 

use, as well as better 
sentinels of pollutant 
stressed, however, the 

- 139 - 



importance of stardardization of such organism by several criteria, such as 
sex, age, etc. 

The CUlrmM tion of these varied presentations is, of muse, the 
assssmnt of humn influence on the marine envirOrmrent, and the mgement 
criteria that may be derived from such assessment. 

Garrez stressed the criticdl level of human influence in the 
WESrpAC region, in gencral, whereas IIan=ock stressed the effects on the apen 
shelf, in particular thmugh fishing, including abandoned fishing gear, and 
a~culture, but a IIhlch mre unapctd effect is the introduction or 
translocation of allcchthonous species. 

Ibarikoshi pointed out the value of the concept of "@ysiographic 
unit" as a basis for assessing human influence, since such a Unit, of which 
bays are a good example, often provides a real, quasi-baunded system in 
which the various factors (e.g., soumes of pollutants, seasonal current 
patterns, etc.) of human influence can be reasoMbly well quantified and 
therefore assessed. 

mman recreational activities have an effect on the distribution, 
abundance and structure of inter-tidal biological d t i e s , '  and 
-y pointed out ways of assessing the effect thrcolgh 
experimentally controlled intervention in parts of the ecosystem so as to 
allm CcKnpariSon with parts not subject to intervention. 

There were, finally, three papers dealing with actual mgement 
issues., s a e w  stressed the special problems of the littoral zone which is 
subject to considerable natural stresses as well as human stresses in 
certain places. While xnanagement of the natural stresses is very difficult, 
it should be possible to control thcse due to human activity. This appears 
to be essential and meafllres nust be taken, in certain cases, immediately, 
rather than waiting till all necessary data have been gathered, and a full 
understanding achieved. 

Falanruw, on the other hand, looked at an indigemus marine 
management system in Mirroi.lesia and assessed the effects of new, energy- 
htmsive technology. She suggests that a neo-haditiondl m g m t  system, 
generally suitable for islands, is now needed. 

also agreed, with Sawer and others, that the 
management of humn activities was the ccffnparatively easy first step towank 
full and effective management of the marine envhmnent. Hmever, the search 
for a full understanding of the marine envhrnnent, and the effects of humn 
activities on it, is still the ulthte goal, and we are still a long way 
from this understanding. 
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Prof. Revelle reviewed the main conclusions to be drawn from the 
Symposium (a text not having been made available, the review is developed 
here from notes). 

The present symposium has revealed. an impressive range of 
scientific activity in the Indo-Pacific region, on the one hand, and the 
need for even greater efforts to elucidate the main p h e n m  and processes, 
on the other. A summary of each of the four Tapics was already presented by 
the respective Keynote speakess or Discussion Leaders. Nevertheless, there 
are several broad conclusions of a general intedsciplkwy nalxre or 
specific to particular topics, notably with respect to advanced methodology. 

In the field on geology ard gea@bysics, the following 
questions still need to be answered: 

What is the timing and the nature of the events that, according to same 
arrent hypotheses, precede continental separation-updaming, extension, 
rifting, etc.? DO all these events cccur in every case when continents 
break apart? 

IS the oceanic crust that is formed immediately after separation 
different frcnn the crust fonned during the steady state of sea-floor 
spreading? Is the rate of generation of volcanic material at this t h e  
markedly larye, giving rise to prominent basement highs? 

Are the various structural and stratigraphic features usually 
associated with breakup, such as the %uter highsg1, the characteristic 
seaward dipping reflectors, and the break-up unconformity, all related 
and haw exactly do they originate? 

What is the nature 
earthls magnetic field near many passive margins so smooth? 

Has the crust under the margins evolved fram continental crust and, if 
so, has it evolved by extension and consequent thinning or are massive 
intrusions of material fmm the mantle a more important cause of 
alteration? Or, did at least a part of the lltransitionalgl crust 
underlying the margin evolve not fram continental crust but from the 
earliest oceanic crust? - 
How did the passive continental margins move up and duwn through time, 
how did this affect sedimentary processes, and what has been the 
t h d  history of the sedhents? (Even if the thicknesses and the 
lithology of the sediments on the margins are knm, a knmledge of 
their thermal history is essential for determining whether any 
hydrcarbons present might have matured to form oil and gas.) 

of the crust d e r  passive margins? And why is the 

What is the structure of the region lying between the deep-sea trench 
and the island arc? 

what have been the. vertical motions in the zone between the volcanic 
arc and the deep-sea trench? 
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- Hcrw can the back-arc bash (the bash l y w  on the continental side 
of the volcanic arc) have been formed by extensional tectonics (as has 
been suggested by m y  scientists) in a setting that, in a regional 
sense, has been predominantly ccanpressive. It appears that many of the 
back-arc b a s h  opened up by sea-floor spreading for perhap 10 to 15 
million years. The enigma is not only that the extension took place in 
a zone of convqence, but also why it started and why it stopped. 

Are hyckarbons as likely to be fourd in the active margins as they 
are in the passive margins? 

- 
- 
- 

what is the role of pore waters in the subduction process? 

what are the processes involvd in massive slqing on the continental 
margin (for example, off active river deltas)? 

Great impmements in S e i d C  instnrmentation are needed to understand 
the details of the structure of the crust and the mantle. As with 
sedimentary layering, the application of continuous reflection profiling to 
igneous rocks will be very useful, but the acquisition and pr0cessir-q of 
seismic data must be improves. Lorq seismic arrays will be particularly 
useful for obtaining infomtion on the lithology of the crustal rock. To 
determine igneous stratigraphy and structure, as well as hydrothema1 
systems, a canbination of seismic experiments, drilling, and examination of 
cored samples of rocks and pore water, and the performance of ttdawnholeft 
expriments, will certainly be an important part of marine geology and 
geophysics in the next few years. 

Direct observations and sampling from manned suhiersibles will 
continue to be most effective in the detailed investigation of high- 
temperature hydrotherm1 vents, with their exotic ecosystems, and 
mineralization at spreading centres. 

Better h g h g  devices are needed to learn m r e  about the detailed 
morphology of the sea floor. Sidescan sonars, such as GLDRIA (Geological 
Long-Range Inclined ASDIC) developed by the Institution of oceanographic 
Sciences in the United Kingdan, have proved to be valuable for 
reconnaissance. GLDRIA is towed near the surface and thus has great range in 
deep water: but, its resolution is less than that of a device towd closer 
to the sea bottm. A side-scanning sonar device that could be tuwd at 
different specific depths appropriate to the requirements of specific 
experiments would be very useful. For example, some of the capabilities of 
the cammercially available SEA EEAM, which measures time of travel of m r m i ~  
sonic beams reflected at various angles, thus determining bathymetry along a 
swath several kilometres wide, and fmm DEEP TW, of the ScripPS Institution 
of oceanography, which taws a number of scientific instruments close tc the 
ocean bottom, could be incorporated in a versatile, well instrumented side- 
scan sonar towable at a variety of depths. The SEAMARC, developed at the 
Lamont-Doherty Geological Observatory, and similar instruments, are first 
steps in this direction. 

To investigate plate suWuction better, more precise determination 
of earthquake hypocentres is essential. For this purpose, extensive seismic 
networks with permanent oean-bottan seismometers will have to be deployed 
around the subduction zones. With considerable research and development 
effort in the technology of suhnarine acoustic geodesy, real-time monitoring 
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of distance changes a m  trenches, for instance, could bring about a major 
breaMhrough in the understanding of plate dynamics. 

The camplete mapping of the magnetic anamlies and thus of the age 
of the ocean floor provides a measure of the horizontal grcrwth rates of all 
existing mjor ocean basins. ?his hmlpdse and that on rates of subsidence 
of the seafloor will allow the palaeogeapqhy and palaeohthymtry of the 
world ocean for the past 150 to 180 million years to be d e t e m .  Attempts 
at such V ' io&, quantitative reconstructions are available today 
only for the Indian ard Atlantic Oceans because they are surrounded by 
passive margins and because they contain their entire history since the 
initial rifting phase. 

While processes along subauction and plate-collision zones 
probably pose the biggest problem for rmnstructions of the Oceanic 
palaeogeography, zones of abnormal bathymetry should also be investigated in 
mu& mre detail than hitherto. How do plates move vertically when crossing 
swells in the asth-ere? Hod fast are they uplifted? How do intraplate 
volcanism and other thermal events affect the fllbsidence of oceanic crust? 
which volcanic processes result in construction of aseismic rises, which 
lead to guyotS only? Why are the renmants of the Mesozoic Pacific densely 
mer& by laqe volcanic edifices, and what happened to thcse aseismic 
rises and plates located on the part of the Mesozoic Pacific plates which 
have been accreted to South and North America? why did the volcanic and 
t h m l  activity of the Pacific Plate decrease significantly during the 
Cenozoic? 

Research will be needed to d e f k  better the mgnitude of eustatic 
sea-level changes, to detenrune ' rates and thing of sea-level rises and 
falls, and to unde~~tard the response of shallow as well as deep Oceanic 
depositional environments to --level changes. This research will probably 
be coactd mostly along passive and active continental margins, in the 
sedimentary basins of the adjacent conthtal platfonns and in an~malausly 
shallm oceanic regions (microcontinents, aseismic rises and atolls). 

studies of eustatic sea-level changes with time will be directd 
mainly tcrwards finding Inedmnl 'SE capable of rapidly generating brief sea- 
level &anges; these have apparently occurred when the volume of ocean water 
remained stable and when no substantial ice accumulations on the Earth's 
surface were knawn. 

The interaction of tidal currents, waves and wind poses several 
problem. Offshore and in large inlets there is the question of fllbmarh 
dune formation by combined tidal and wave action; knmledge of the 
displacement rates of these structures is important for maintena.Ee of 
shipping channels. Nearshore, the interaction poses problemsalso of 
stability or instability of barrier island chains and tidal inlets, the 
influence of .seasonal changes in wave attack and storm surges on and 
erosion of beaches, etc. Redamation of land in lagoons and estuaries and 
the accompanying changes in tidal prism, which are also reflected in the 
grawth and decay of tidal deltas and the stabiliw of coastlines, presents 
another important set of problem. 

Biological factors have been s h m  here to be important in the 
high-energy environment, especially as stabilizers; e.g., mangroves and the 
vegetation of intertidal flats and dunes. ~iosses of vegetation generally 
lead to inrreased instability of the sedimentary structure. 
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lbst problertls of the high-energy m h m t  can only be solved by 
ccxnbined efforts of physical oceanogrzlphers, sedimentologists and coastal 
engineers. 

sediments of the continental margins are emplaced by slides, 
sl-, debris flaws, tuxbidifq currents, contour (themnchline) currents and 
pelagic fallout. A cabination of seismic and sedbentolcgical data are 
required to distinguish between these n-edmru 'ms, and detailed dawnhole 
studies are needed to show the make-up of different continental margins in 

'sm, particularly in relation to the tectonic 
ts of all types 

tern of depositional mchatu 
situation. Analysis of continental-margin sdmen 
(particularly C ~ I ~ O M ~ S )  from deepilrilled holes provides evidence for 
changes in sea level. 

suharine fans are important features of the lowex- rise of several 
continental margins. The sedimentary facies of these features are of great 
interest. The mineral w a n d  sedimentology of pelagic sediments often 
reflect the pathways and dynamics of aeolian delivery to the sea surface. 

dmcore to detect frequencies of climatic significance. 

m t  heat-flm and sedimentological work on mid- ridges 
suggests convection of pore water in sediments. Sedimentological aspects of 
this, including sediment porosity and permeability, geochemistry and 
diagenesis, will be important items on the agenda of sedimentary geochemists 
for the next decade. 

4 .  

spectral analysis can be now applied to several sedimentary Praperties 

MU& has been done to define broad areas of the deep-sea floor 
where oregrade manganese ncdules occur. These studies have demonstrated 
that oregrade nodules are nut uniformly distributed in ecodcally 
interesting areas, but that quite large variations, particularly in 
abundance, can occur locally. It is essential to investigate these 
variations in greater detail for two main reasons. First, an urderstanding 
of what causes local variability in manganese nodule grade (content of Ni, 
a, Cu) and abundance is essential to understanding the origin of these 

local 
variability in llodules can aid in the development of exploration methods and 
in mine-site evaluation. 

Over the past decade, near-shore minerals such as placers and 
phosphorites have received much less attention, scientifically and 
econOmically, than deep-sea mineral deposits such as nodules and 
metalliferous muds. Hmever, two factors are likely to lead to an 
interest in near-shore deposits over the next two decades: the increasing 
price of certain noble metals (e.g., gold and platinum) is likely to rrake 
attractive previously Uneconomic noble-=tal placers, and developrents in 
exploration and extraction techniques will benefit the search for less 

deposits. secondly, an understanding of the factors determuUng . .  

valuable placers such as cassiterite and heavy-mineral sands. 

, For the understanding of the relationship between the ocearr; and 
climatic phmamma in the short term (weeks to mnths), studies are needed 
on the fluxes at the air/- interface, on the strength and position of 
currents and fronts, and on the heat budget and thermal structure in the 
upper layers of the ocean. upwelling zones are examples of the dxrious 
effects of air-sea interaction on the local climate and on the biota in the 
sea and the adjacent lards. 
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m e  prediction of large-scale events in the atmcqhere and in the 
ocean often depends on the understanding of phncmem that occur thausands 
of kilmtres away: the thing ard strength of the monsoon in India depend 
at least partially on the behaviour of the S0mI.i Current, and the El Niib 
phenommn off Eleru is gmerned by perbr3ations of the pressure field, 
heme trade wind and equatorial current system the Pacific Ocean. 
probably, the thoughflaw f m  the Pacific to the Indian o~ean is similarly 
gwerned. 

?he critical areas in which further research is needed are: 

The relation of the large-scale thennal anamdlies in the upper ocean to 
the ccean circulation and atmospheric processes, and their feedback to 
the atmosphere thruugh large-scdle air- interaction. 

The transport and stomge of heat (and salt) in the ocean, and their 
role in climate variability. 

The storage of carbon dioxide in the oceans. 

The origin and dynamics of oceanic eddies. 

m e  structure ard dynamics of oceanic fronts. 

Vertical mixing in the ocean (including convective overturn). 

The microstrudure of the ocean, particularly in the thermdine 
region. 1 .  

certain special problems- in marine ecology will call for 
particular attention to su6h'matters as the interactTon of large bird 
populations with their food sources in nekton, plankton and benthos, and 
long-range migrations of marine mamm;lls, notably turtles, and fishes, 
notably tuMs. 

In deal- with the cycling of organic matter in the oceans, it 
will be necessary to de- ' the prcducts of primary production. The 
bioactive substances that are vital to conmumication within and among 
species are virtually unknown at present, and further study of them will 
certainly be rewarding. The same is likely to be true of the organic 

. molecules on which the lmer organisms of the food web subsist; the 
molecular weight distribution of this material is urknmn. 

H C W W ~ ~ ,  IllDst sampling techniipes for oceanic organisms have 
substantial limitations to the q e  of phenmena they can effectively 
discriminate. These sampling inadequacies limit the expansion of -ledge 
but there are sane areas where there appear to be special opportunities for 
significant progress during the next few decades. Rspects that particularly 
need investigation are: the role of different size fractions among 
planktonic primary producers, particularly very small cells and 
cyanobacteria; the fluxes of dissolved organic matter to and from primary 
prducers; the role of bacteria in the plankton; the role of the length of 
incubation aril chamber dimensions in producing artefacts during measurement; 
the contribution of non-planktonic primary producers to the organic car3mn 
flux of the water column in coastal and estuarine regions. 
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The dynamics of phytoplankton bloonr;, the patterns of succession 
in phytoplankton cammunitis and the factors determmrg the species 
ccffnposition of the ccxnmunities are basic to our understanding of the priruary 
production functions in ecosystems. Reasonably precise taxonomic 
identifications can be made of many, but not all, protozoa to germs level. 
~axoncanic studies of bacteria involve the isolation and culturing of cells, 
as well as the problms of taxoncanic criteria. 

0 .  

mestions concerning the vertical profile of pmductivity, the 
significance of patchiness, the depenaenCe of the survival of planktonic 
larvae on minimum cell abw&nce in the water column ard the relationship of 
chlorophyll and cell maxima to the proauction maximum can be effectively 
answered only by using contirmously profiling techniques. Sensors capable of 
measuring nutrient concentrations would dramatically improve our capability 
to test hypotheses about the spatial relations of biolcgicdL processes in 
the photic zone. The use of fluommeters and particle counters in undulating 
w e d  instruments or in m r e d  arrays will provide bredMhroughs for work on 
the space and time changes that are important in the ocean on scales fran 
minutes to years. 

The role of micro-organisms (bacteria, yeasts, protozoa and fungi) 
in the food web of the shallow and deep pelagic zones and in benthic 
ernrironmentS in the proauction and degradation of particulate organic carbon 
and in the utilization of dissolved ompn..ic matter needs to be quantified, 
as it may be central to understanding of the flux of organic carbon through 
marine eccsystems. similarly, little is known of the role of bacteria in 
conditioning detrital material, ~ r o v i r ~ . ~  its palatability and availability 
in the water column. Midwater camunities living belaw the normal range of 
diel migration (i.e., 1000-1500 m) rely almost campletely on the rain of 
sinking particles as their energy source; if pellets are rejected at shallow 
depths, their palatability may have greatly imprmred thmugh bacterial 
action, by the time they sink deeper. 

-tic correlates of prirrary production and bacterial grcrwth 
rate shw great pmmise for understardiq these processes because they are 
instantaneous deterrmM ' tions and avoid artefacts frm container size and 
length of incubation. Epifluorescence micrcscqy, micrcautoradiography, and 
transmission and scanning electron microscapy will be im=reasingly used to 
make relatively accurate determinations of bacterial and protozoan biomass. 

There is still much to be learned through the interCaprison of 
different types of ecosystem. Data on rates at which processes are taking 
place and on the fluxes of materials and energy are difficult to obtain but 
are necessary for ecosystem modeling. 

ming the next two decades there will be an hcreasing use of 
enclosed marine microcosm systems to investigate problems in theo&etical 
ecology, ecosystem dynamics, species succession, etc. The develapment of 
numerical models may be enhanced if they can be tested experimentally in 
such living models. 

Even at scales of a few metres there are important unresolved 
problems associated with the development of bloams, the survival of grazers 
and the success of recruitment by larval fish which must encounter threshold 
concentrations of food. In the vertical sense, knowledge of the 
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micmlayering of organisms, especially in the @otic zone and in proximity 
to the thermocline, is basic to an mder&adxq ' of the dyMmics of primary 
production and its utilization. 

At mesoscdles (lo1 to lo3 km) , the rapid in physical 
resear& is being follmed by striking progress in biological studies. 
Despite considerable physical research on d e s ,  it is still to 
what degree eddies (as opposed to closed current rings) behave as advecting 
parcels of water that retain their identities. Research on the biological 
transformation of eddy Cammunitis de@ on better physical understanding 
of the phenawnon. 

m e  eccqstars of shelf seas and inshore areas differ f m  those 
of the apen ccean in the relatively greater influence of three factors: the 
long-tenn variability of the clhte, the direct effects of exploitation of 
living resaurr=es and the chemical effects of man's activities. TO 
distinguish between these influences is difficult but is of great scientific 
interest: it is also essential for proper ernrimnmentd management. 

?he variability in the energy flm within the emsystem and the 
physics of the system is dominated by the inputs at the boundaries. A 
thorough knowledge of the size and variabilioj of the inputs is therefore 
just as irprtant as a knawledge of the intesnal properties. 

At present, programmes to study coastal processes associated with, 
for example, climate, weather and fisheries, tend to set up indepenaent 
mnitorirq and surveillance activities that ignore the interactions and so 
overlook essential elements of the system they are endeavourhq to define. 
This is an area where greater interdisciplinary interaction'is badly needed. 

Felagic sampling techniques (namely, water bottles, pumps and 
nets) all sample limited segmnts of the size spectrum of organisms and 
discriminate only very limited sections of the important space-time scales. 
Efforts to integrate over the whole size range of 0qanisn-s encounter severe 
difficulties because of the im=ompatibility of the sampling scales. Adequate 
quantitative sampling is not possible for: (a) larger nektonic animals, 
which are too infrequent and too active to sample adequately: (b) gelatincus 
orydsnrs, which are destroyed by conventional sanplers: (c) aggregations of 
m l l  organisms (marine s m ) ,  which are disaggregated by sanplb~~; and (d) 
m.icro-oryanisms and microzooplankton, which are unidentifiable after 
preservation. A zone that is particularly difficult to sample at present is 
close to the seabed, particularly in areas of rough topography. Developmt 
of techniques involving laryeparticle counters, acoustics, photography and 
direct observation will be needed. 

Mc5t of the many benthic sampling techniques available at present 
are only semi-quantitative at best. Trawls, drdges, corers, box-corer~, 
grabs, traps, camera, 'and television systems all have advantages and 
disadvantages, but whm operated remotely frm a ship, they lack the 
precision and control that can be achieved by sampling from a submersible 
or, in shallower water, by divers. '&ere is a need for survey capabilities 
so that areas may be detected where natural experhts may be follmed, 
such as turbidity slurp, large accumlations of organic remains and 
h y d m t h d  vents.  here is a need for m t e  experimental stations which 
can be placed in position and left to carry aut a sampling prograrmne, and 
for improved mth& of ~lleafllring sedimentation and resuspension. 
Techniques to follow chemical fluxes in and out of the sediments, and 

1 
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methcds to measure microbial turnover rates and fine distribution patterns 
are also h i m y  desirable. 

The major bottleneck in the developat of descriptive biological 
oceanography is the sorting and identification of catches. Biology is at a 
fllbstantial disadvantage campared to mny of the other b h e s  of 
oceanography as to the quantity of useful data extracted f m  samplirq 
prograrmru3s and the speed with which the data are worked up. A few attempts 
have ben made recently to develop methds of sorting catches initially by 
sieving or flotation tdmiques. A modicum of success in reducing the tedium 
of processing samples would have an immense influence in accelerating the 
working up of material. Another serious problem is in the rapidly 
diminishirq resources of taxoncffnic skill, which are behq allwed t0 erode 
away through the lack of even minimal funding. 

sensing by aircraft and satellite appears, at least in the 
short term, to have less to offer open-ocean biology than other branches of 
ocemqraphy. The only biological parameter that can now be measured is 
surface chlorophyll, and its meafllrement is d e m e n t  on visual wavelengths, 
therefore requiring clear a m e r i c  conditions. Ihe other main uses of the 
present remote-senshq technology in the field of biological oceanography 
would seem to be: (i) the location of fronts and areas of upwelling; (ii) 
the setting of biological observations and experiments within the l q e -  
&e context of the physical enviromt; iii) the tracking of laqe 
organisms, notably turtles and certain fishes, that spend some time at or 
close to the surface; and (iv) survey of the extent and variations of 
coastal eaxystems such as mangroves and salt mrshes. 

Further development might include freedrifting autcxMtic stations 
similar to present anchored systems, capable of monitoring a range of 
suitable,parameters (e.g., chloraphyll levels, particle spectra, nutrient 
concentrations) within the photic zone over long periods, ard which could be 
tracked and intermgated by satellite. 

- Regardi;lg rn's inpact on the marine em' k, there remains a 
real need for: the evaluation of useful biological indicators to assist in 
distinguishing man-made fmn natural fluctuations; study of the bacterial 
transformation of capour& exotic to the mine environment; study of the 
mechanisms of transport and dispersion of pollutants: an evaluation of the 
sublethal effects of various pollutants on marine cxmmunities, of the 
effects of non-toxic substances (e.g., silt) on biota, and of the effects of 
excess nutrients on the structure and functioning of marine camnunitis. 
Also, the quite serious effects in same places, of the extensive remad of 
old coral reefs and coralline coastlines, and of inshore gravel, sand and 
xnineral (e.g., tin) minhq, need to be further studied. As noted W e ,  
marine turtles and sea binls, are also greatly affected by Man's increasing 
use of the coastal zone, so that a sound scientific basis still needs to be 
developed to achieve rational managemnt of the coastal zone and of the most 
affected species. similar arguments apply to the effect of increases 
exploitation of mangroves on economically useful species that use such 
areas, especially for breeding or nursery pwl?oses. 

chemical speciation studies are also needed to permit an accurate 
evaluation of the biological availability of the trace metals. Imprwements 
in research on the relation between the inorganic ~IKI the ccrmplexed organic 
states require a better insight into the CcIfnPonent biochemicals of sea water 
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with camplexing potential and a better understandllyj ' of the interaction 
between trace metals and organic coat- of particulate matter, 
particularly where such metals are ncbilized by h m m  activity. 

It has also beccane clear that the description of humic materials 
and the detemhtion of their stxucture and prclperties will continue to be 
a subject of great irrterest to the marine chemist. -in, much of this type 
of suktanm is mobilized by ~an. 

As to tednrological and -logical admnces in general, 
research vessels will continue to be used for scientific work at sea, but 
mre specialized vessels and uther platfornrs are beccaning increasingly used, 
especially for geophysical studies of the sea floor. %e aamr CIEIU- 
is a partiailar example of this, while moored and drifting buoys, acoustic 
arrays, and bottm-mted instruments are exanples of unmanned platform. 

satellites are being increasingly used for remote active and 
passive sensing, for tracking drifting buoys ard for data acquisition and 
retxansml 'ttal to graund stations. Aircraft are also useful for remte 
sensing and for deploying autonormus instruments 

Satellites can cover the globe in a matter of days, but they only 
observe the sea surface. Huwever, it is at the sea surface that quasi- 
synoptic global sampling by satellites is most valuable, sine the surface 
parameters generally have much shorter response times than the ocean 
interior. 

SEASAT, the fhst ocemogmphic satellite, denaonstrated the 
feasibility of measuring surface winds, significant wave' height, and sea- 
level changes. SEASAT, m s  and other satellites have also mapped 
distributions of sea ice, s e a d a c e  temperature, chlorophyll and other 
biological properties. 

Forecasts of sea-surface state, for use in real-time shiprouting 
and offshore operations could be greatly improved by the use of satellites 
carrying micrrxJave sensors providing data on s e a d a c e  winds (with a radar 
scattercmter), surface wave heights (with a radar altimeter) and the two- 
dimensional surface-wave eneryy distribution (with a synthetic aperture 
radar) . ?his would reqUire, huwwer, the develapment of sufficient real-time 
data-ham~ing facilities. satellite measurement of seasurface elevation in 
conjunction with measurerrents of the wind stress could revolutionize our 
understanding of oceanic circulation. An adequate riumker of satellites with 
repeated graurd tracks every week or so, with 100 to 400 km between tracks, 
and sampling internals along the track of about 10 la, would provide the 
missing global view ard enable us to develop an h g e  of the rnean global 
ocean circulation that is so tightly constrained by sea-level and wind- 
stress curl that many previous ideas of the mean cixuilation will 
undcubtedly be abandoned. 

Although infra-red and passive microwave techniques for measuring 
sea-surface temperature have allawed us ta see fronts,' current meanders, 
eddies, etc., their accxuacy is not emugh for the quantitative study of 
sea-surface temperature anmalies ard larye-scale ocean-atmosphere 
interaction. 

Ocean colour measurements fmm satellites, supported by infra-red 
measurements to aid in the identification of water masses, have been 
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successfully used to map distributions of CNorophyll and other coloured 
substances in the ocean surface layers. satellites are also valuable in the 
study of the patchiness of biota. 

Acoustic transrm 'ssion is being used to probe the ocean itself or 
to send data thrcrugh it. Instrumented floats at depth have.- tracked 
acoustically for years us- near-shore and moored receivers. Tracking 
system with receivers suspended fran surface buoys and linked to a 
satellite system are being developed for service in the near future. 
Acoustic tamgraphy - the miltipath transrm 'ssion, reception ard analysis of 
acoustic signals to synthesize the density and velocity fields of the ocean 
-may allm l.mhEct -t of heat content, heat flux and vorticity, 
on the nedium to large scales. Acoustic Doppler current profiling from ships 
is nuw in use and will probably improve in range and resolution. upwan~- 
sensing sonars pravide useful infomation on surface waves and duwnward- 
sensing sonars help map htemal waves. 

. .  

men more so@sisticated acaustic techniques based on the 
reception, by appropriately spaced receivers, of backscatter fran a series 
of sonic pulses, with real-time data precessing, can be used to measureathe 
displacement (in the three space dimensions) of the scatterers. As a 
navigational tool, it gives ship velocity relative to the seabed, and, 
bottm-munted, can give --ice m m t . .  

It is nuw well within present capability to deploy, for long-tenn 
obsesvations, substantial arrays of current meters in dynamically or 

or the werflm regions. Experience inaicates that several years of 
observation are necessary to reach statistically significant conclusions 
about the most important physical phenmena. 

umating instrument packages rhi& rrreasure sirmiltaneausly 
temperature, Coxductivity, oxygen, chlorophyll and particlesize spectra can 
nuw be used to achieve better integrated time and space sampling. Similar 
rapid situ sampling methods for other chemical parameters such as 
nutrients, are also needed, but still we need to develop the capability to 
integrate satellite lIbeasurements of such parameters as wind stress, surface 
temperature and Colour. 

Data hanZhg by computer is nuw essential to cope with the new 
high-data-rate instruments: apart frcxn cen- storage at data centres, 
smaller computers can simplify the data m a m g m t .  

In swm\ary, we can see that ocean processes m e r  a wide range of 
time and spa- scales, m e  larger scales are financially and logistically 
the most difficult to use and usually require collaboration among many 
institutions. in different countries, thus benefiting greatly from 
international planning and co-ordination. m t e  sensing by satellites, and 
by acoustical techniques within the ocean, has a critical role because these 
techniques are the main, if not the only, means of cuvering all scales fram 
days to decades, fram kilmtres to the whole earth. Such data will remain 
largely unusable unless we have the "ground truthtt or in situ -ts 
for their calibration ard analysis, and the Unaerstanding required for their 
synthesis 

. - I  

kinematically important areas of the ocean circulation such as the M 0, 
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A greater level of htermtional collaboration in marine science 
is nuw clearly necesaq because the dimensions and locations of marine 
processes do not correspond at all to existing national boundaries; in sane 
regions, the ocean circulation and the distribution of fishes, sea birds ard 
turtles, for example, are c m w n  to the several bordering countries, and 
their investigation can be effectively acccanplished only through regional 
collaboration. 

The further developrent of marine scientific resear&, in the 
Indo-Pacific region as elsew&ere, will d@ heavily on the devel-t of 
sampling, analytical ard data-processing techniques ard capacities, and on 
greatly - international co-operation. 
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cul6INGADDREss 

?he Hon. Barry 0. Jones, Mp, Minister for Science, then gave the 
clcsim~ address to the symposium. 

Distinguished guests, Ladies and Gentlemen. 

I welcome the opportunity, in such distinguished scientific 
company, to have a part in your deliberations and regret that 
my ministerial commitments prevented me from involvement in 
your Symposium earlier in the week. 

GeqE@icalForus 

It is the geographical focus of this Symposium which I believe 
is of particular interest and significance. 

There is growing recognition that by the end of the century 
the'Asia-Pacific ring will be the major economic sphere of 
influence in the world. Certainly, in terms of technological 
development it is already a major centre of world influence. 
we must also remember that almost half of the Earth's nearly 
5 billion people live in Asia. 

Korea and Japan have already proved to be manufacturing and 
technological giants. 
as world financial centres, and as market places for the 
diverse range of technological products developed in Asia. 
China, with its vast population and its thirst and capability 
for large scale development, provides innumerable ~ 

opportunities for development and consumption of manufactured 
technology. 

In most countries of the rzgion, science and technology have 
been recognised as important elements in national development 
and many governments in the region have developed policies and 
programs to encourage research in fields of recognised 
national importance. 

Singapore and Hong Kong are established 

Australia has already established strong ties with many 
countries in the region, encouraging scientific co-operation 
and industrial exploitation of research and development 
successes. 
agricultural research. 

We have also co-operated with countries of the region in 
research programs in the marine sciences, meteorology, . 
Antarctica, remote sensing, micro-electronics, biotechnology 
and scientific instrumentation; 

However, the impacts of government to government, .and even 
researcher to researcher contacts are long term. Although 
they do lead to better relations and understanding between 
countries, their economic impact is difficult to identify, let 
alone measure. 
can be developed which have direct commercial aims. 
projects are properly directed and financed they can result in 
identifiable economic benefits shared by the participating 
countries. 

We have a long history of aid and co-operation in 

International co-operative research projects 
If these 
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For the past three years my Department has been giving 
increased attention to this type of program, and has sought 
the involvement of Australian research organisations, 
universities and industry in their development, funding and 
management of research projects. So far, the ASEAN countries, 
Malaysia, Singapore, Thailand, Indonesia, the Philippines and 
Brunei have shown greatest interest in co-operating with 
Australia in this way. 

As Minister for Science, I have signed Memoranda of 
Understanding with the Malaysian Science Minister, the 
Hon Datuk Amar Stephen K.T. Yong and the Indonesian Minister 
of State for Research and Technology, 
Professor Dr Ing B J Habibie. 
similar agreements with Thailand and the Philippines over the 
next few months. 

My Department is also involved in other fields of 
international co-operation in scientific activities such as:- 

I look forward to concluding 

* the establishment of a meteorological service in the, 
Solomon Islands. 

administering scientific exchanges, workshops, services 
and joint research projects under formal science and 
technology Agreements with China, Japan, the Soviet 
Union, the United States and others. 

a major participation in the conference and exhibition 
held as part of the First ASEAN Science and Technology 
Week, in.Kuala Lumpur, last April. 

Pro j ect . 

Australia and the People's Republic of China under an MOU 
which provides for co-operation in tropical cyclone and 
monsoon research, numerical weather prediction, satellite 

and technical information, and collaboration on 
significant research projects. 

( 

. managing the ASEAN-Australia Micro-electronics Design 

. co-operation between the meteorological services of 

-meteorology, exchange of staff, exchange of scientific 

I have no doubt that reference has been made earlier this.week 
to the two marine science projects in Coastal Living Resources 
and Tides and Tidal Phenomena being conducted by five ASEAN 
countries - Indonesia, Malaysia, the Philippines, Singapore 
and Thailand, with technical advice and assistance being 
provided by personnel from the Australian Institute of Marine 
Science and Flinders University respectively. 
include development and use of Australian hardware and 
software and other specialised equipment and both projects 
also include training and education components. 

It is against this background of a very dynamic region, 
undergoing major economic, social, political and scientific 
changes, that this Symposium is being held. I have outlined 
briefly some of the international co-operation programs which 

Both projects 
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Australia has put in place over the past 2-3 years as part of 
its response to the change and dynamism of the region, and to 
establish its own scientific and technological future in such 
a region. 

scientific signkficarrx of the Regim 

Most of you present here this afternoon however, have come to 
the Symposium not so much because of the economic dynamism of 
this region, but for the unique scientific challenges it 
holds 

I understand that your discussions this week, relating to 
marine geoscience have confirmed that the WESTPAC region 
offers exciting opportunities for elaborating the scientific 
understanding of plate tectonics. That one geoscientist 
described the region as a ngeological dog's breakfast'' 
suggests that the research tasks will be neither easy nor 
short-term - but they will be a scientific challenge! 
Today ocean-atmosphere interactions are one of the major pre- 
occupations of oceanographers and meteorologists worldwide. 
The WESTPAC region, and the Indo-Pacific Convergence that it _I 

contains, have become a particular focus of attention because 
it is here that some of the major global interactions have 
their genesis. The unique features and complexities of the 
oceanographic systems of the region and the fact that they 
have far-reaching efforts on the climate in several 
continents, points strongly to continuing, indeed increasing, 
international scientific scrutiny in years ahead. 

Much attention has been given at this Symposium to marine 
biology and fisheries. This is not surprising, because 
fisheries are a most important element in the economic fabric 
of many member-countries of WESTPAC. 
confirmed that there is a paucity of long term data sets of 
appropriate environmental parameters which may be affecting a 
variety of fisheries stocks. 
available it is difficult to assess the impact of 
human-induced stresses on those stocks and their long term 
future. The Symposium deliberations have also confirmed that 
the established fisheries management strategies developed for 
single species fisheries in temperature waters, have very' 
limited application in the multi-species fisheries of 
WESTPACIS predominantly tropical and semi-tropical waters. 

Human influences on the marine environment are of increasing 
interest to countries of the region because, for the most 
part, these influences adversely affect the productivity of 
their marine resources. . Speakers at this conference have - 
emphasized the problems of increasing population pressure 
reinforced by the vicious cycle of debt repayment and poverty 
leading to over-harvesting of resources on an ever-widening 
scale. The scientific challenge is.to understand the 
extraordinarily complex ecosystems involved and to develop 
management strategies which are not only scientifically sound, 
but also socially and economically acceptable - in a word, 
implementable. 

I.  

The discussions have 

Until these data sets are 
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Of course, meeting these challenges demands not only a 
multi-disciplinary approach, but also, and perhaps more 
importantly, a multi-lateral international effort. 

Whatever boundaries might be drawn on maps, those extending 
over the sea can never alter the fact that the oceans are a 
single domain, and their waters are in constant change. Any 
attempts therefore at gaining an understanding of the physics, 
geology, chemistry or biology of the marine environment, 
ultimately require co-operation between nations and between 
disciplines. 

Co-operation is like motherhood, - it is hard to find someone 
who is opposed to it. 

But, just because we all support the idea of co-operation, 
that does not necessarily make it easy to achieve - even at 
the national level, let alone bi-laterally, regionally or 
globally. 

Multi-lateral co-operation requires patience, persistence, 
flexibility, and continuing good-will. In the final analysis, 
it often also requires some person or country to take a lead 
in exploring options, encouraging, persuading and then taking 
a bold step to make demonstrable progress. We all know that 
success builds on success. 

This Symposium is a case in point. 

Although it has not been possible for me to be present 
throughout this Symposium, discussion last evening and this 
morning with participants has enthused me with the boldness of 
this enterprise. 

It has been an ambitious initiative to have brought together 
recogised world experts and to focus their attention in a 
multi-disciplinary context, on the marine domain where the 
Pacific and Indian Oceans converge. 

I am sure each of you will confirm that it has been a success. 
Not only has your debate addressed the challenges within 
disciplines but also their relevance on to the other and 
beyond that to the users of the research as well as to the 
particular needs of the user, often in situations of great 
social and economic complexity. 

I nentioned patience as a necessary ingredient to successful 
multi-lateral co-operation. WESTPAC has made some real 
progress in its short life. This Symposium bears witness to 
that. World renowned speakers in a wide range of fields 
acknowledging by their presence, not only the scientific 
importance of the region, but also acknowledging the role 
which IOC WESTPAC can-play as a catalyst. 

WESTPAC has come a long way, but it is now at a watershed. I 
am told that this point was made by Dr Greg Tegart, Secretary 
of my Department, when opening this Symposium. 
emphasise it. 

I wish to 
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I said that we may not always achieve rapid progress, but at 
all times we should be moving forward. 

WESTPAC will move forward, only if it receives the support of 
member governments. That support will be forthcoming, only if 
member states judge that WESTPAC firstly, can be of value to 
them in pursuing their objectives in marine research; and 
secondly, that they are getting value for money. 

IOC is not a funding body. It does not have funds of its own 
to support research programs. Rather, and I quote from the 
IOC statutes: - 

l@IOC works through the concerted efforts of its member 
states. 

It is a co-ordinator and encourager. It is a catalyst which 
provides a mechanism for addressing research problems which by 
their nature demand the concerted participation of several 
countries. The necessary funds, vessels, skilled mamower and 
support facilities must come from the participating member 
states or by negotiation from some third-party funding agency. 

Worldwide, taxpayers and Governments increasingly are 
demanding value for money - including value for the dollars 
spent on scientific research. In Australia there has been a 
recent Government review of CSIRO, our largest research 
organisation. A review of research in our Higher Education 
Sector also is currently underway. These reviews are directed 
at getting better value for money. 

Similarly value for money is being demanded by governments for 
the manpower and funding resources committed to involvement in 
multi-lateral international activities and organisations. For 
mere survival, IOC and WESTPAC must continue to review what it 
is that they are doing and, perhaps more importantly why they 
are doing it. In carrying out such reviews they must be clear 
about, and sensitive to, member country interests, priorities 
and aspirations. 

I understand that WESTPAC has developed a comprehensive 
framework of working groups in the principal fields of marine 
science of interest to member countries. This Symposium has 
laid out a scientific menu. Taken together, these two 
elements provide a sound basis on which to build scientific 
co-operation. 

Member countries must now decide how best WESTPAC can assist 
them to achieve their social and economic goals through 
co-operation in marine science research. 
scientists here this afternoon has a part to play. 
have had the opportunity to get the comprehensive overview 
provided by this Symposium. ' 

Each of you 
You alone 

.Member governments will meet at WESTPAC IV in Thailand in 
mid-1987 to discuss the future of WESTPAC. Those who advise 
government and those who are within government welcome your 
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enunciation of the problems and priorities and the role which 
WESTPAC should have. 
you return home. 

May I commend the IOC and its WESTPAC Program Group for 
convening this Symposium. 
experience and will I trust, set a precedent for future 
discussion of this kind.' 

I urge you to make your voice heard when 

It has been a stimulating 
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