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PREFACE

Thirteen' years 8Jo the United HNationa Cunference on the Human  Envirorment
{Stockholm, 5-16 Jone 1972) adopted the Action Plan for the Human Envirenment,
including the Geners] Primciples Far Assessment and Control of Marine Pollutiom. In
the light of the r=auits of the Stoekholm Conference:, the United Netione Leneral
Asgenbly decided bto eatablish  Ehe United hativns Envirurment Programme (UNEP) to
"gerve as a fccocal point For envifuﬁmentsl_actiun gnd co~oreination wikhin tha bited
Nationa aystem" (General Assembly resolution 2997(XXVII] of 15 December 1972). The
argenizatians of bthe Urited Nations oystem were jinvited "to sdopt the meacsures bEhat
may be required to underteke concerted and co-ordinmgted programmes with regatd to
international envirommental problems" | and the "intergovernmental arcd
non-govermentel orgenisationa  that heve &0 fntarest in the field of  the
envirorment™ wepe alse invited "to leénd their full support and collsboratior ko the
bnited Mations with & view to achieving the largest possihle degree of co-operation
and co-ordination". Subsaguently, the Governing council af LNEP chose "[eeans" as
one of khe priority areas in which it would focus efforts to Fulfil ite cetalytic
and co-ordinating tole.

The Regional EEaalPrﬁgramme was initiaked by UNEF in 1974. At pressnk, it includes
eleven regions —  end has over 120 ceoastal Stetes parkicipating in it. It is
conceived rs  an  acttiorn-oriented programme having concern nat only for  the
consenuences but also for the ceuses of envirorments]l degradaticn and sncompasaing a
comprehecsive  approech to controlling envirormental problems through bhe management
of marine ard coastel erees. Each regional action plan ia Fommuleted eccording ta
the needs of the region a3 perceived by the Governments concerred. It is desigred
to link asgeszment of the guality of the marine envirorment and the causes of iQts
deterioration with sectivitiea for the management and development of the marine and
coastal environment. The setion plans promote the paraellel devi}opment of regional
legal asgreements snd of acktion-orientated programme ectivities =,

The Regional Seas Progremms hee  always been recognized as 2 global  programme
implemented through regioral components. Inter-regional co=uperation among the
various gses aregs o0 common problems ia  an  important  element  in  assoming  the
compatibility of the different reqiomal components.

fs & contribution to the development of the five Action Flans aupported by UNEP in
the framework of the Regional Seaz Programme in the Indian Ocean region, the
Internationsl Umion for Conoervation of Neture and MNatorel FResources (10EN), in
co-operetion with UNEP hwes prepared this document.

1/ Mediterrsneen, Kuwaif Action Plan region, west aAnd Central Afcice, Wider

Caribbasn, E&st Asisn beas, Saubh-Edst Pacitie, bSauth-West Pacific, Ped Ses and
Gulf of Aden, Eastern Africes and Sputh-West Atlantic.

2/ UNEF: Achievements and planned rdevelopment of WEF's PRegional Sess Progrerme

and comparable programmes spananrcad by other badies. UMEP Regional Seas Reparts
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Thia dnﬁzzgpgfé??aaaad on more detailed reviews prepered for each of the five
regiona ='="—" in the wider Irdian Ocean ares. They review the past and ongoing
conservetion agtivitiem relevant to  the Indian Qceen on the global, regiocnal amd
mational levels; ldentify priovity eoncerns of the Ga#érnments bordering the region;
and contain recommendations for inter-regionel and regional projecta to  be
undertaksn to address those concerns. ' o

The report was prepared with the help of the following consul tants: L.. Barrett, .
Beddingten, 5. Brualt, #.R. Dawson Shepherd, J.A. Gulland, J. Kunda=li, S.
Mortheidge, R.F.G. Ormond, A.R.G. Price, {.R.C., fheppard, M. Stafferc Smith end E.
Wood. '

3/ IUCNAMEP: Menagement and comservetion of renewable merine resources in  the
South Aaian Seaa region. UNEP Reglonsl Sess Reports end Studies Na. 6Z. UNEP,
1965,

.8/ TUCN/UNEP: Menagement and condarvetion of renewable merine resouyrces in  LEhe

Kuwait Action Plam region. UNEP Regional Seaa Reporta and Studies No. &3,
UNEP, 1985.

5/ IUCN/UNEP: Mernagement and consarvetion of renewablsa marime pessurces i the Red

Sea and Gulf of Agen region. UNEP Regionel Seas Reports and Studies Mo. 44,

UNEF, 1985.

&7 IUCNAINER: Manageament and conservation of renewebls marime - resources in the
East Agian 5esc pagion. UNEP Regional Sess Reports end Studies No. 45. UNEP,
1985. .
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Introductoly Comnents

Thiz paper provides a summary of the statua of different biclogical marine
rasources, habitats, spacles groups and species of economic value and/or
scientific interest within the Indian 2cean Region {IGR). It also gives an
averview of the degradation of these ressurces that is bacoming apparent through
much of this region. The extent of national and internatiomal activities
directed towards managing and comserving these rescurces is also indicated.

Further details concerning the topics oovared Iy this overview my be found
within the fivae sopporting reports, each of which deale with one of the five
'regional seas' areas lying withinl the wider Indian Ooean region.

Joint omsideration of the status of the marine enviromment within these
five areas makes sensae, hoth from scientifie and practical points of view. The
araag togqether constitute the greater portion of a single major marine
biocgecspraphic province (the Tropical Indo-West Pacific), Within this provines
all areas have moat habitats and species in commone  Thus within amy one smaller
area up to B0% of the species of maripe animl and plant are likely to be coes
ocourring through much or all of the Indian Ocean Likewiss, the conditionzs amd
problems affecting the marine environment are for the most part similar
throughout this region. And, in addicion, the social and economic conditions
are compafable in many of the countries concerned so that they face aimilar
problems in devalopihg the effective conservation arxd management of thelir marine
TESOUY A .

Area Cowvered

The five Rergicral Seag areas covered by this report are (from north-west to
south-east}: the Red Sea and Gulf of Aden reqion: the Kuwait action Plan
rezion; the Bastern African reqgion; the South Asian Seas ragion and the East
Aslan Seas region

Tha area coverad by this report therafars has its northerrwost limita at
30%25'K in the Red Sea, and at 30930'W at the head of the Kuwait Action Plan
(KAP} region, while the southerly limit is marked by latitude 2598, at the
Mozambigue border. The western boundary runs along almost the antire East
African coAst, thus enoompassing the continental island of Madagascar. and the
smaller oceanir jsland grogpe of the Saychelles, Mauritins, Reunion. Commros,
Lakshadweep and Maldives. And the sastern boundary lies at approximately 40°F
o a lire which virtually divides the [sland of Irian {Hew Guinea) in two

It is worth noting that within this region the islands of Indonesia and the
Philippines have mich the longest coastlines: Indonesia comprises approximetely
13,677 iglands, with a coastline length of 81,000 kp. (Soegiarto & Bolunin,
i%82); the Philippines encompasses 7,107 islands and has a coastline length of
aprreximately 17,500 ka {de Celis, 1961l - This fact is of regional significance
since, if the total ocoastline of some of the mainland areas is computed, it ig
mich smaller than that of either of these bwo island groups (see Tahle 1), Hence
the potentiazl for coastal and shallow-water marine habitats (mangrove,
seagrasses, ooral reefs, etc.) 15 scmewhat greatar in the East Asian Seas region
than in gther parts of the 10R. It, and the KAP and Red Sea and Guif of hden



regions, muat also be considered more vulnerable te pollution berause of their
semi—enclosed nature,

Table 1
Feacrion length of Coastline
{km}
Eastern Africa region 11,950
Fed Sea and Gulf of Aden 9, 37C
Indnesia 81,000 °
P'_nilippims 17,300

Climate

The climate within the Indian Ocean region varies both seascnal ly and
according ko location. Ik general it is dominated by the oonsoomal coycle
Annual rainfall, for example, ingreases moving southwards and, cutside the
incidental precipitation frequently associated with the —gast and the islands,
its seasonal oocurrence is clogely tied to that of the monsoon winds, The
seascnality of the monscona is, in twurm, linked to the positicon and movement of
the Intertropical Convergence Zonae (ITCZ).

At the beginning of tha year the ITCZ lies gouth of the equator. In the
south, the sputh—east trades blow, while in thwe worth the north-east mopsoon iz
fully developed, but is dry over much of the Indian 2oean. In the second
quarter, the ITCS moves nmorth, reaching southern India in lats April. The
south-east trades occupy the whole of the southern ocean, while in the north
rain systems Decome frequent in the Bay of Dengal and in the south-sast Arabian
Sea, a few developing into cyclones. In the third gquarter the south—west
monsoon helds sway over the Arabian Sea, India, the Bay of Benmal, the western
wart of the East Aszian Seas region, and the Eastern Africa regicn, where mean
wiskl speeds and rainfall reach their sawimim In the southern ccean, the south-
east trades reach a pean speed of 9 msec™ - the world's most vigorous
tradewinds. In the fourth guarter, winds shange to north-easterly over the
north, the tradewinds in the south diminish, and the ITCZ migratas soath again,
The acuth—west monsoon diminishes it there iz still heavy rainfall in some
motthern areas such as the Bay of Bengrl (Couper, 1983; UNEP, 19827), and in the
central and eastern parts of the Bast Asian Seas region. Rainfall is highest
throughout the East Rsian Seas region {see Table 2 below] with Wast Malaysia,
for example, naving an annwal rainfall of betwean 2,000 and 4,000 om. (Chua &
Charles, 19301,

The KRP region and the Ped Sea and Gulf of Aden region, with the exception
of those arsas bordering the Arabian Sea, fall oukside the Indian Qcean
mxsoeonal gyre.  Instead, these two near—enclosed seas have climates which are
egsantial ly oontinental rather than mavitime, and this results in general 1y high
temparatures and limited freshwater inout, al+hough in the KAP regiom and
northern Fed Sea temperatures fall drastically in winter. The net resull is a
typically arid coastline. BSimilar semi-—desert to desert areas exist in mast of
Scmalia, in.northern Kemm and in south-western Madacmscar,



The arewsal rainfall pattern has a direct effect on the ocourrence of some
critical habitats {e.q. mangrowve).. In additicn, it is significant in
influencipg other snvironmental factors such as the extent in ccastal wacers of
sedimentation, Of nutrient enricdhment, and of reduced salinity, all of which in
turn help determine the types of shallow water habitat which are prevalent in an
area. .

Tal:Le- 2
Redgion Mearn Amrwal! Rainfall
{m]
Bed Sea and Gul§ of Aden : 100-300
K:-lm:i.t Action £lan region ' 100-300
Eagtermifrica ragion 1,000-2,000
(mch less in northl
South Asian Seas regicn _ 1,000-3, 000
East Asian Seas region abewne 3, 000

fafter Couper, 1283)

Qceanography

It is not appropriate that the ococeancgraphy of the Indian Ocean should ke
reviewad in detail here, since the subject is relevant only as hackground, and
in so far as oceanographic conditions influence the distributios and ocourrence
of habitats and resources. Moreover a convenient synopsis has recently been
provided by UNEP (UNEF, 1982). However a few key points will be briefly
SAImarised.

The gurface ourrents of the Indian Ocean proper are essantial 1y dominated
by a large anticyclonic subtropical gyre in the southern part, and a reversing
current syatem in the northern hemisphere. The scuthern subttropical gyre forms
the westward—-flowing equatorial ourrent in lower latitudes and the eastward-
flowing weatwind drift in higher latitudes. Part of the south squatorial
current flowa aramd the north of Madagascar and then south as the Mozambique
current betwesn Madscpascsr ard Eaat Africa.

. The most universal feature of the current pattern is, however, the
effactive raveraal of -the northern subtropical system under the seasonal
influence of the mnaoons. During the north-east monscoon (Movambar to April) a
well-daveloped north-sast mnsom drift or north equatorial current flows west
and produces the south-west flowing Somali current off the coast of Somalia,
During the south-west moneocn {May to October) the mnscon drift flows eastward
with branchea flowing clockwise in both the Bay of Bengal and the Arabian Sea,
where the action of the monscon wind generates major upwelling of deep nutrient-
rich watar off the comats of Somalia and scuitharn Cman

The movament of water passes modifies the effsct of climate on the
toamperature and salinity of the o¢ean. Over most of the Indian Cowan surface
temperatures vary betwaen 257%C and 30°C, but because of the direction of
ciroulation, the western parts of the orman are generally warmer than eastern
parts at the same latitude. Annual variation is relatively smll, only 2-37%C,

L "x_;';“r,_-“_iz-'f‘-‘ L
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through much of the East Asian Seas region, but increases to 4-6°C in the
Bastern African regiovn, whersz temperatures drop during the south-westerly
monsoon period. However, the most dramatic drop in temperatare oecurs in the
Arabian Saa off the cocasts of Somalia amd Owan where the annual upwelling brings
clear, oold, nutrient=rich water to the surface, and loomlly temperatures fall
to lass than 1877 (Currie et al, 1973). The Somali and South Arabian upwellings
account Far the highest levels of productivity found within the Indian Doman
{(Fagoones, 1383).

The temperature ragimae of the Red Sea and KAP region are slightly
different from those of the rest of the IR In the Hed Sea average annual
gurface water temperaturas decrease uniformly up the Red Sea from 28°9C in the
south to 229C in the north (Morcos, 1970). Similarly in the AP region
temperatures decrease tithe north falling to a minimum of 159C in late wintar.
Meoan annual variation is approximateliy . 79C both in the northern and southern Red
Sea and in the Gulf of Agaba., However both the Gulf of Suer and KAP region are
mich shallower, and surface and ccastal waters are subject to wide terperaturs
changes it response to daily and seasonal ¢limatic variations, mean annual
temperature variastions being abeut 119C and 17°C respectively.

Surfaca galinity-over about two thirds of the IOR, iz between 35 arnd 36rbt,
bat in the aorth-eastern gquarter of the Ocean salinity is depressed as a result
of high rainfall and input of freshwater from the land, especially duripg the
[south—west] mnscorn Through mch of the East Asian Seas region, and alao in
the northarn Bay of Bengal, salinity avarages betwseen 30 ared 33ppt.  Similarly,
in the coastal Zome of the South Asian Seas and East African regions salinity is
slightly deprassed by rainfall to less than 35ppt.

By contrast, both the Red Sea apd the BAP region have elevated salinities.
In the Eed Sea salinity increases to more than 41ppt in the north. In the KAP
region, open water salinity 1s about 40ppt but increases to TO0ppt and more
within seni-encliased areas such as the Gulf of Ssalwah (in the south-wast).
Salinities are also slightly elevated in the Arabian Sea, being ih the reqion of
36-17ppt, -

This pattern of circulation and the prevailing temperatures and salinities
are, in part, responsible for comsiderable and highly gicnificant regional
differences in the levels of key nutrients within surface waters.
Concentrations of nitrate and phosphate are very low in the well-stratified
oligotreghic waters oontained within the fmtham andd northarn subtropical gyres
(0.2 0 ~my-at 1™ PO4-Pr <1007 t1™" HO4-N}. They are genarally higher
in comagtal areas, especially near river mouths, as g result of ccaatal upwalling
and entrainment. They are higher in parts of the East Asian Seas region,
especial ly Lo the north of Sumatra, off the south Java voastline, and at the
aaatern end of the Indonesian archipelagqg, in the Arafira Sea (Soegiarto &
Polunin, 1982). And they are particularly high during the south-west monsoon
within EEE areaslﬂf the Arapianu ellin?. off the coasts of Somalia and Cman
(#1.0x10" “mg—atl” PO, -Fr )-Lleﬂ_'ﬁg-atl" ma—m [see m.g Meogill, 1973L

Nutrient concentrations in the Red Sea are generally lower than those in
Indjan Ooean waters, while by oonfrast, outrient levels in the FAPR region tend
to be higher. The nutrient conditions in different parts of the IOR are 2 mjor
factor influencing not only tha productivity of each area, amd herss the extent
of its renewable resources, but alas the occurrepce and distribution of mamy of
the different key habitats which are omsidered in the follewing sectiona.




OOMEERVATTON AN MANASFMENT ATTIVITIES

Intarmational

The general extent of coiservatlon and management activitiea within the ICR
is mat wasily considered undar thrae headings - internakional, ragicmal ard
national. At the wider international level many of the I0R scountries are
siqnatories to international laws and conventions covering aspects of che
prevention of marine pollution in the open boean and the protection of

andangered speciea.

=Aremgst the moat impotrtant and universally accepted of thase conventions
are those which involve the control of pollution from shipping activities. The
MARFO. Convention of 1973 extended an earlier oil pollution convention to
inciude all types of pollution from ships and to restoict operational oil
discharge; this waa followed in 1978 by a protocol ‘oo taoker safety and
pollution prevanrion {(MARPOL, 1973/1978). However the effectivanecs of these

coonwventions lies in the establishment of the necessary reception facilities in

cperational countries (IMO, 1933) arvl on adequate oatrolling.’

International conventions which primarilty oonoern endangered or protected
species and which are ascrikbed to throughout the reglons inslude the BONN
convention, codnoerning the protection of migratory spenies, and CITEE,
amcerning the international trade in endangered species, :

A fuller list of s:.gmflcwtt intermatizoal conventions would include the
following:

Intarmational Convention for the Prevention of =ollution of
the Sea by 01 L. London. . )

International Ceonvantion for the Prevention of Pollution
from Ships, Loodon (MARPOL). International Requlations for
Freventing Collisions at Sea, London.
Convention on the High Seas, Genawva.

Convention on the Comtinental she.ir, Gepawva.

{onventin on the Prevention of Marine Pollution by Dumping
of Wastes and ther Matters, London.

Ariman Convention on the Cotservaticn of Mature and Matural
Rescirces, Algisrs.

Convention on the Oonservation of Migratory Species’ Of Wild
Animals (BOMM Convention) Bomn. -

Convention on Intematicnal Trade in Endangersd Speciea of
Wild Flora and Fauna (CITES). Washington

UFnited Maticns Convention on the Law of the Sea, {UNCLOS)
Kinqgst .. |

Indian Orean Commissicn 1982,

World Heritage Convention
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Ramsar Copnvention (Wetlanda).

Man and rthe Bicspheres Programme, {UHESZD).

Datajls of nations which have ratified these conventions are included in
acme of the companion reports dealing with individual Regional Seas areas.

In addition to the promotion of such legislative activities the UN and
other international agenciss. in particular the United Nations Development
Programme (UNDP), the United Nations Environment Programme (UNEP), the Unitad
Haticnz Fducational, Scienttfic and Cultwral Organisation [UNESCO), the
Intersational Maritime Organisatizn {IMC), the World Health Orgamsation [WHD),
the Intermpational Union for Oonservation of Hature and Hatural Resources {IUCH),
and the World Wildlife Fund {WWF), have assisted i marine congervation and
management Activities at global and international (as well as regional and
national) lavels Dy spomsoring and assisting in various pelevant projéects and
programmes. At this «ider level a Joint Group of Experrs-on the Scientific
Agpects of Marine Mol lurior {GESAMP) inwl'.ring the 1M Idies wag astanlizhad in
1952 and providas advice in relation to marins pollution; it oompleted the first
gilobal report on the health of the oceans (IUNFEP, 1928110, Ard 1n 1977 the
Stockholm Conference deafirad Farthwatch {the global anvironmental assessmenc
programme) as one of the three basic components of e Accion Plan for the Haman
Enviroament. The Glokal Environmemtal Monitorirsg System (GEMS) is one of the
four components of Barthwatch and the sssessment of the state of ocean pollution
ary its impact on marine acosyestems was adopted as a GEMS task by rhe Governing
Council of UNEP. The implementation of GEMS is seen by UNEF as a joint
undertakmg af the relavant UN bodies, The monitoring of the quality of the
marine environment as a comootent of GEMS is now carried cut throuvgh the UNER
Ckegans and Coastal Areas Programme, regional aspects of which are discussed
further below. :

The IGE itsaelf was, from 1959 to 19653, the subject of the International
Indian Qcean Expedition, which was initiated by the Scientific Committee on
Oceanic Research [E0UR), but which invelved several agencies, including the
teswly formed Intergovernmental Oceanceraphic Commission (IOCh

The Division of Marine Sciances of UNESOD has also been rasponsible for
aiding aspects of marine and coastal science ehrough its Coastal and Marine
Froject (Wokar, e priocipal element of which 15 aimed at promoting reseatch
and training on aspects of coastal systems with emphasis on thair ecological
structure and function and their interaction with other systems. The project
also oollaborates in the oollection and evaluation of traditional knowledge and
practices in coastal ecosyatems, with a view to incorporating this knowledge
inte present day research and management ((MESCD), 1985a). IWESX) has alse been
especially involwed in trainimg activities (workshops, training oourses, eto.]
related to ressarch on and management &f coastal hapitats, its regional
orogramnes assisting in the development of groups of scisptiats and managers, in
particular In relatictl o the management of mangrove resources. Of particular
relevance €0 the I0E, as well as other tropical regions, hawve Deal workshopes on
menitoring, assessment and management of coral reef ocommumnities {INESCD, 1983;

1984E), and manuals cn regearch methods in ooral reefs {(RESCD, 1978}, mangroves -

(UWESCD, 1984a) and seagrasses (NESCD, in prep.).

IUCN, in addition to assisting marine conservation prajects within
individual councries of the I0R, has developed international programmes of
resparch, in partioular on threatened species (e.q. turtles, cetaceans),
promoted awareness of rEnagement problems, especially in relation to critical
habitats such as mangroves (e.d. TIEN. 19A  ard armsncarad see fovmaeas oo A
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pub:lications related bto the establishment and management of protected marine
areas {#.g. McNeely & Miller, 1984; Salm & Clark, 1284). In conjunction with

"UNEP, a meeting was convensed in 1979 which led to tha establishment of the

Indian Ocean Whale Sanctuary: this in tum led to a WWE/IUGH regearch programme
o Indian Ocean Cetaceans, forusing on the sperm whale

Bagional

Action plans for the protection and development of the marine and coastal
areas of each of the regions are incorporated in WEF's Regicnal Seas Programme.
As an initial procedure, reports for each of the countries within a region were
called for, allowing the existing environmental statusa to be evaluated.

Co~ordination of all Red Sea and Gulf of Aden activities is the
responsibility of the Arab League BEducational Cultural apd Scientific
Organisation (ALECS0), which, with support from UNEP, provides the interim
secratariat for PERSGA (tha Red Sea and Gulf of Aden Envirocoment Programme] in
Jaddah, Saudi Arabia. Eight countries in the ragion are membaetrs of FERSGA.
Since 1976, a number of sympoaia, training courses and workshope bave been held
with support from UNEP and UNESCO, and FERSGA has provided support to member
comntries in the estaplishment of pational marine asclance instittions, and in
gurveys and plamning for the amservation of management of coastal and marine
habitats.

The KAP {Kuwdit Action Plan) region encompasses all the states of the Gulf
arvl Iran, and has a secratariat, the Ragicmal Organisaticn for the Pretectico of
the Marine Envircemment {(ROPME), in Kuwait. The action plan is directad in
particular towards combating pollution and establishing related ressarch and
mitoring programmes. With support from NEP and UNESOD a series of workshops
and training schemes have been held, and two region-wide mooitoring progrmemes
initiated for @il and non—oil pol lutants respectively. HOPME has also supported
a saries of ecological studies in countries of the region, carried out in part
with the amsistance of [UM, and has established the Marine Emergency Mutual Ald
Cantra [MEMAC) bassd in Bahrain, designed to give rapid response to oil
disasters.

In 1981 the five member statas of ASEANM (the Assoclation of South-East
Agian Hations - Indonesia, Malaysia, the Philippines, Singapore and ‘Thai land}
adopted a cooperative programme to sngura that snvironmental copsiderations are
incorporated into all aspects of eownomic develoment within the region. The
Action Plan for the Protection and Development of the Marine and Coastal Areas
of the East Asian Region ia incorporated in the UNEP-sponascrad Regicnal Seas
Programme. The foundation for the development of the Acticn Plan was laid at
the International Workshop on Marine Pollution in Eaat Asian waters, hald in
Panang, Malaysia in 1976, since when a serie’s of workshops, seminars and
conferences have hwen held.

Althrawgh the Bawtern African Action Plan has not yet been finally adopted
by the atates of the region, it has been adopted in draft form aleng with its
gquidelines and objectives, and progreas has baen made through workshopa and
Projects. The convention, protoools and plan of action for the Eastern African
region are due to be concluded during 1965

The South Asian Seas region was established by UMEP Governing Council
decisicn 11/7 in 1983, It inclodes the marines and coastal arass of Bangladesh,
India, the Maldives, Pakimtan amd Sri Lanka, although tha precise geographicoal
coverage of the ragion has nct yet been defined. In March 19A4 » maatine nf




atep, national reports discussing the environmental condition of each of the
countries inwvolved in the region shoald be pragared.

At the wider regional lavel several countries of the IOR are pladged to the
Indian Ocean Alliance. In 1980, the Alliance approved varions recommendations

" ooncerned with the conservation and management of the marine environment,

including recarendations concermed with the atudy and protection of turtles a.nd
marire mumals, and with the prevention of oil pollution

Hatirmmal

The asxtent of partioular national conservation and mnagement activities in
relation to the opastal and marine environment, is summarised, in so far as this
information is generally published, within the companion raports dealing with
the partimilar regions.

Here it may be noted that there is a general pattermn in the development of
such management activities within the pations of the IOR  Although the degree
of develdpment of an infrastructure for coastal and marine environmental
rrotaction and management varies considarably between comntries, moves towards
the preventicn of marine pollution and the conservation of marine habitats and
species have been made throughout the Region. Howewver, in all but a few
countries in the IOR the actual enforcement of regulations concerning the
emission of pollutants, the protection of species and tha establishaent of
marine parks or procected argas remains a major problem

The early fisheries legislation of pany IOR countries made provisions
rnlating to general pollution or general dmlﬁgu to maring life. Hewever, these
provisions are almst invariably too imprecise for dealing with the wide variety
of emigsions and wastes that mey now be discharged ints the marine anvirament
ar the mry indirect ways in which marine life may be harmed

Within the countries of the IOR responsibility for the protection of the
marine environment was, until recently, frequently wnclear or poorly defined,
and may have baan noninally or partially assigued to diverse governmental
departments within, for example, Ministries of Agriculture, Housing, Education
and Science, Health, Defence, or Transport, or within the National Research
organisation. More recently some counkries have moved to establishing Hatiomal
Environmental Agencies, sometimes cperating either in relation te an
interministerial committes or council {e.g. Saudi Arabia, Oman, Tanzania), or
within a Miniskry of the Bnvitooment {e.g. Kema, La Reanion). Well-—established
national envirommental agencies assuming responsibility for the marine
environment are now operating in, for example, Bahrain, Indonesia, Kenya, Sri
Lanka and Saudi Arabia. Other countries which are just astablishing or have
revently established such an agercy or naticmal plan include Eogypt, Malaysia and
the Philippines. A priority task for these agenciea haz in most cages been the
devalopmant and enactment of a comprehensive and up-ro—date set of standards
controlling emimsions, Jdischarges and impacts in the marine environment (such as.
recently, for example, has been proawolgated in Saudl Acsabial.

Brotacticn of the marine environment also regquires the prevention of damage
or destruction to important areas of coagtal and marine habitat, and the
cungervation of rare or endangered species, or of economical iy aignificant
goocks of fish and ipvertebrates. The establishment of marine parks or
protected areas is one measure which may assist with these cbjectives and with
tha promstion arvl safecuarding of racreation and tourism Approximataly half of
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been establizhed {e.q. Djibouti, Egypt, India, Iran, Rerya, Mozambigue, Oman,
Sri Lapka); in 2 second group of countries a rather larger nunber of marine
protected areas has been declared {e.g. Indonesia, Malaysia, Fhilippines,
Seychelles). Some other countries are in the process of establ ishing their
first marine parks or resarves (e.q. Cormoros, Jordan, Muwait, Sudan, Tanzanial.

However, it is considered that as industrial and urban development gathers
pace it i essential to move in the directicon of establishing comprehensive
omastal zone management plans. These should include a goastal zoning schemes
incorporating & full network of marine and coastal protected areas {including
resource regerves and nature resarves as well as miltiple ugse marine parks).
Countries developing such a policy inelude Indonesia. Philippines and Saudi
Arabia. In scome oamntries national conservation strategies for terrestrial and
marine envircnments are being developed; these include India, Indonesia,
Madagascar, Malay=ia and Oman

In addition some comtries have been able to establish specific long-term
marine conservation projects concerned with the stady and protection of
particular habitats or spacies. These include; Indotwesia — mangroves; Onan -
turtles; Philippines - coral reafs:-Sri Lanka - cetaceans. Tarther reference to
such studies or projects is included within the sectimns dealing with particular
habitata, species and reacurces, either in this report or in the companion
reports dealing with the individual Regional Seas arsas.
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FESOURCES, HARITATS ARHD SPECIES

Cpen Sea

The pattern of moderate di ffarences in oceanographic gonditions betwaen
different parts of the IOR results in significant differences in the planktenic
and pelagic flora and fawunma characteristic of each area. In particulay, large
differencea arise tetween different areas in the lavals of primary and secondary
productivity.

Krey [1973) recognised six plankton—qecgraphlc regione within the area
covered by thia report, different regions tending to be dominated by different
groupa of phytoplanketon as £0} lows:-

Crmgtal gpwalling areas Dl atoms

[scmithwern Arabia and

Indonesia/pustralia)
Central Azabian Sea and Dinoflasgellates,

Bay of Bendqal : blue-graen algae
Somli current region D atcmes
Mezasrique current Tegion Diadooe
Eyaatorial carrent reglon Mnoflagellates,

coooo 1l thophor s

Sorthem subtropical gere DinoZlagellates

In sMition, Yw #nclosed seas of the Bad Sea and KRP region might be considered
as soparate arwes Eince ip each, a3 indicsied alove, ocsanoqaphic coditions do
differ Qistinctly from those of the Indian Ocean proper.

Sidh compariasra indicate that, in general, diatoss tend to predominate in
the more productive ragicns. For axample, Subrahmanyarn and Sarma {1960}
dascribed that 70-B0% of the phytoplarktonic bicsess in Indian waters could ‘.I:n:
acocuanted for by 29 species of diatom {including 10 species of Chaetoceroa}, 7
flagellates and the blus—green alga, Trichodesmiun erythraeum The apatial
pattern of predominance of different phiffcplarktonic groups principally 2iffers
from that of other oceans in the fregquent dewinance or sub-doainance in many
areas of this hlowgresen aloga, vwhich bHloms in the surface laysr and often gives
rise to characteristic zed tides. The speciss is endemic to the Indian Ocean,
and ity prevalence may be related, sincs it ia able to E£ix nitrogen, to the very
low levels of nitrate presant in oligotrvephic Indian Ooesn watars.

The pattern of regional wariation in the primary productivity of the
phytoplanktcn varies with the season; in particular, and as might be expected,
major differences ocoour betwesn the pariods of the north-eazt and south—weat
monsoons, associated with the reversing character of the northern subtroplocal
gyra. In addition, alightly different asseaszsments result from different
approaches to estimating actual planktonic production {see e.q. Krey, 1973}
Hevertheless, the general pattermn is well established, largely 23 a regult of
the work of the Intermaticnal Indian Ocean Expedition (Eabmnova, 1968; Moiseev,
1869; EKrey, 1973; Cughing, 1971). During the south-west songoon primary
productiviey is mach the highest within the broad are of the northern Arabian
Sea. stretching frowm Somalia to Western India with. off ttw south-east ccast of
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moderately high primary production (over SCOmg.C.m™2day™l)] occur to the south of
the Indonesian archipelago and within the aquatorial ourrent. During the north-
eastern mmsom primary production is somewhat lower in most areas, productivity
in the Arawian Sea in particclar falling off markedly with the seasonal
cessation of thf a‘I‘ﬂLan upwelling. Howewver, mxlerate levela of productivity
{over 500mgCon~ “day” "} occur at this time to the north-wast and north-sast of
Hadaqaacar, in inshore areas through much af the Fast Asian S5eas region, and
alaso in some areas off the south—east Coast ?:bla. During both seasons the
lowear productivities {around lﬂﬁmg.c.n ocour within the ‘desert
reqgicas' of the nerthern and southern suhtrcpmal gyre.s.

In the Red S5ea, because of the wali-stratified and matrient-poor
conditions, the open sea generally shows 2 very low primary production, though
this increaszes markedly in the south., Within the enclosed areas of the FAP
regicn nutrient concentrations are much higher, tut in inshore waters planktonic
productivity is often limited by elevatad =alinity. Since the sea is so
ghallow, with an average depth of only about 30m, benthic productivity is
trequent 1y mach more significant than planktonic productivity even in the open
sea, a fact reflected in the predominantly Denthic and demersal nature of the
fishery.

Elsawhera in the Indian Geean the majsr open ocean fichary is for tuna,
using long-linas ar pursea seines: this s largely operated by international
fishing concerms the majority of which are based ocutside the ragion  &lso, in
mury areas awd especially within coastal and coeanic upwellings, the oil sardine
cobprises a considerable portion of the catch. And in the Eastern African
region, around the offshore banks of Mozambigue, the Saychellss and the
Mascarenea, sailfishes and billfishes are caught in particularly large mmbers.
These pelagic fisheries are discussed in further detail in a later section

Also asscciated with productive open 3ea areas of the Indian Ocean are a
group of animals of particular social and scientific significance, the whales.
These too are considerad in a separate section below, though here it is relevant
that the major comservation achievement affecting the cpen sea habitat of the
region has been agreement in 1979 to the Indian Jcean Whale Sanctuary, which
extends from 20°E to 130°E and south to 555,

The principal threat to the open sea environment ciearly arices from
mollution, althoudn recent assessments have generally concluded (IMEP, 1983
GESAMP, 1382} that, linked to the comparatively low levels of industrial
activity around the region, concentrations of most pollutants in the gpen ocean
are not yet approaching levels where they are likely to have a major impact a
marine life,

Cil pollation, however, ia becoming fncreasingly evident throuwgh many paris
of the region, and in addition to impachks on coastal habitats, the observed
incidencea of cil spills and tar balls, and tha levals of dissolved hydroccarbons
in surface waters, appear to have been incressing. This pollution iz relatad,
in the KAP region and the Gulf of Suez, to prodoction from offshore oilfields
and, throughout the Indian Ocean, to the shipping of axsiderable qu.ant.lt.leﬁ of
9il from the Middle Rast. In the Indian Ocean proper oil pollution is most
conepicuous along ad in regions adijacent to the main tanker routes, which run
either eagtwards off weakern India to Australia and tha Par Fagé, or weghwmards
past southern Arabia and around the coast of Africa. Thus over 12 years 21
individual spills of more than 160 tones were recordad . the Eastern Africa
region {sec IMEP, 1982}, and tar balls, previously wncticed, are now abundant
along the osasts of India, Somlia and Oman (see, for example, Thargalkar et al,
19771, It has bemn estimated that 32,440 rrAnnes fuaar ava newr A 2charaad A
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In recent studies mean ooneentrations of dissolved petroleum residues in
surface waters of the Red Sea, the FAP vegion, angd in areas of the Indian Ocean
around the tanker routes have generally been fourd to lie between 25 apd 50 g/l
[see, For axample, Sen Gupta & Kureishy, 193L) that ia, at levels distinctly
anove what are presumed to be normal backgroond levels, bat at concentrations
below those which are yet known to affect any organisms.  Howaver, in some areas
concentrations of over 250 g/1 have been racorded and these are approaching
lavels -hat have been raported to affect more sensitive organisms, including
gome figh and invertebrate larvas. Moreover, it should be noted that there is
avidence that low level chwonic @il pellution may have morse seprious long-term
environmental consequences than do very oscasional large oll spifls [Toya &
Rinkevitcdh, 1980).

Major oil spllls, however, in addition to causing extensive contamination,
can cause direct impacht, not anly to the littoral zome in areas where they may
come ashore, but also to Seabirds and air-breathing rarine vertebrates present
in the open sea. With an estimated loss rate of 4000-3000 barrals a day, the
spill from the Nowiuz oil fiald off the ocoast of Iran, which bedgan in early 1983
folicwing damage to three oil platforms, was the largeat apill tc have ocourred
in the Indian Ooean regiotn and the second largest globally, being exzeeded only
by the IXTX L release. During the Nowruz spill considerable mortality of
dugong, tursle, sS4 snakes and seabirds was reported from the sastarn ocastline
of Saudi Arabia, though some uncertainty rebains as to whether the zpill itself
was the oauce [see THESDD, 1983b).

Whataver the ewxtant tn date of damage to marine life and rescurces in the
open ccoan, caused by oil and nen-gil pollution, it is evident that, given the
rapid pace of industrialisation, a regular ard standardised monitoring of lewvels
of ceeanic polluticn mist be suatained throughout the region  Ib is even more
vital that controls to requlate and minimise release of pollutants be enforoed
at both national and interoaticonal lewel.

Ceer Saa

Felatively little is known of the deep sea faunm of the [OR, although deep
gea hablitat is widespread except withipn the enclosed EAP ragion. The
diatritution of abyssal substrates may be summrised as follows. Lava and ash
accumilations ocowr in the mid-ooean volcoanic aress, BRed clay predominates on
the floor of the sastern Indian Ocean south of 10N, and alss occurs in some
areas east of Madagascar, and west of India. Globingerina occe oredominates in
the weatern and notrth-eastern Tndian Ocearn.  And terrigenous sediments, mainly
kaolinite, ocour clogse to land aroand the marging of the Ocean althoogh in more
arid areas carbonacesas sediment derived from corals and other benthic organisms
my predominate.

Enowledge of the deep benthos of the region has been summarissed by Heymwsan
et al. [1973). In gersral the benthns of the Indian Ocean is far less rich than
that” of temperate regions and doastal zones. Its biomass miprrors the
productivity of the overlying surface waters and is loweat, <0.053.m <, batween
Madagascar and Western Australia, beneath the aputhern sirtropical gyre, and
alsn teneath the northern subtropical gyreg between western India and Eastern
Afriea, and %n the Andaman Sea (0.05-0O.lgm <).  Apparently mean bicmass is less
than 2.75q.m™ ¢ at all depﬂw below 1000m (Belijasv & vinogradowa, 1361). Benthic
prcﬂuctiv;zhy is qreater in shallower nearshore regions, the higher mean values
{10-50.m™ <) of biowass being found, as might be expected, on shelf areas in the
northern Brabian 32a, around Java and Sumatra, and in small aress off the mouths
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The deep- fauna of the IOR is apparantly deminatad by’ pcl}rchaetes,

principally suspensicn feeders (e« Serpulidese), especially st grédter ‘dépths.

Arthrooods {an;&umds isopods, decapods and cuflpe&esj and’ spivgas ata alsc'
important, more 9 in less deep water, whl le ml luscs a.mi echmcaeruis a;e
relaturely goarce I[Hewa-.n et al., 1973}, _ : ,, s ) Ciicoo

While benthic profuctivity may bha very lw, s0me ' arads’ of i-_‘t'ua IGR pc-‘ssess_‘
extensive and largely unﬂxplﬂ:l.ted stocks of mésopeYagic £1ak, mcurnrig"at‘_

deptha betwsen 100-350m. Hotably the north-west: "Indmndcean includes £he:
greatest abundance of mesopelagic £ish anywhere in vhe wor 1 with astinatad

 biomasses of between &0 and 150 nillion tonnaes in the northern and western

Arabian Sea and between € and 20 million tonnes iF the 'Gulf 3f Bdh- (see
Gipsaetar, 1984). The dominant species in many of the c‘atchas acppears ‘£& Be’
Benthosems prerota, but other members of the families G:tmtmudaé Myctqftuﬁae
ard Bragmacertoldes are also well represented- However, -the'amil] size of thesé-
Species presents a dlfflwlt}' for ihe economic a:plmtatim r.'.ut' the *E.lshéry ELEES

A second eaxploitable deep sea stock is representéd Tt ﬂme t‘iaiep gaat 1::&51:&1:
Paurulus sewelli, and related species, which ocoudr at Z00:to 6000 ot Yo

Scralia, Kemya amd the west coast of India, - The predicted Sustainable yield Sff

Yamen, for example, is repurted to be 200 bmms of talls per mmum I[see Valema,,
1984},

I

At present nho deep sea areas are managed or pfcfééti&d Eﬁ..ﬂi -'s'i'gﬁ'i'"fica'ﬁt’

cimpacta requiring regulation may arise in the future from déep sea mining of

minerals as nodules or as metalifercus brines, or from deep sea d'i-sb_:isiai- of
highly toxic wastes or of radicactive materials. The most pertinent’ eiample of
a threat of this type is provided by the plarned exploltation of “the miveralisad
mudas pregsent within some 15 deeps in the centre of the Red Sed. A pre-‘pi ].ﬂt
mining test conducted in 1979 appeared to confirm the feasibi llt}" ot such a
process, and a pilot mining opezration is expected to be initiated in the neat’
futire [see Tanoe et al., 1980; Hawab, 1984). The principal ‘impacts anticipdted:
from fullscale mining are likely to be alevated heavy metal  concentratiors ‘angd
increased turbidity, both as a result of the mid-gcean dispos.l of the*mning.
tailings. The Saudi-Sudanese Ded Gea Joint Commission have supported a major”
research effort directed at ninimising the inpact of t.he num.ng {Abu G:Lde:l.rl.
1984).

Cpen Soft-Bottoned Ha.b1tata

Orepy mft—b:rttamd h.ab1tata includa hoth rm:s'l‘me seahad ' Araas &:mmtad

by sand and silt, and alsc sand and sand-mid beachés on open coasts, whers
typically wave action restricts the settlement af finer particlesg or -of
detritus, Two commn catagories of soft-substrate material mpay also™be
distinquished. Terrigencus sands and clays predowmnate in the Seuth Asian Seas
reqgion, on ooastlines infloenced by input from rivers in the Bastern African and

East Asian Seas reqgiong, and also in the ~ortharnmost part of €he FAP ragison:

Generally coarser calcareous sediments | -edominate in-the PFed- Sea and KAP
regions, ~nd (n the reaf fomlng areas of .ne Eastﬂrn afrlcan anﬂ East P.sian
Saeme regiona.

In shallow soft-bottomed saabed areas plant ang animal comfunitiss. are
richer in species and have greater total bicmmss than- ‘g0 in ‘deéper waAtErs
offshore. Biomass valoes may reach several hundred g™ (Wevmarn et al., 1973

e
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levels between B0 and 150m attributed to the effect on the oXyyen minimim 1*1YH
(Blizarov,. 1968). . . . . : '

In shallow gSeabad arsas mol luscs, aespécial ly gastropods, and to a lesser
axtent echinnderms -become pradominant along with crustacea. wWhere thare is an
admlxture of cuars&r maiterials.or occasional stomes and boulders, sponged,
mmacles, br}*c:mans ansmones and-ahermatypic and even hermatypic coral may
alsu form a slqnlflcant Domponent. Where howewver sedimentation is heavy,
epibenthic’ organi sMmS 58em scarce save For a sometimes increased ocourrence of
ophiuroids (zee, for example, Seibold, 1973} In the immediate sublittaral zone
o . sand- 511t bottoms there is frequently a characteristic invertebrate
asse.nblage dcmunated by bwalve& guch ‘as Macomm, sand 30llars such as Clypeaster
humilis and. Echinodiscus. spp., detritivorous holothurians, Holothuria app.. and
preﬂatory gastrc:pnis such as Nassariuns cormmatus and Oliva bulbosa [TUN, 1985).

In,tert 1da1 -c:t:-a:se sandy beaches, such as cccur on coasts exposed to the
fuli swell of.the Indian Ocean, have a very limited flora and fauna, this
b.e;:ause of the high mobility of the gubstrate and the absence of detrital
ma'l;:erla]_ which i5 kept in suspension by high wave @nargy. Wevertheless, a
modest mmfa;_ma iz probably present., certain diatoms oolonise patches of sand
in some areas, and some specialised macrofauma also survive, such as the species
of Bullia, a predatory whalk which use its foot as a sail to be moved up and

Bhore by the surf. Sandy shores also provide vital nesting grounds for
rrmme turtIEs I[B-BE helm}

e pi:'innj_-y pnﬂuctiuity of nearshore shallow wWatar soft-bottomed habitats
in the IOF appears rarely to have been estimated, but 1s certainly relatively
low. . Scattered pacroalgae may occur attached to rocks and larger pebbl.as.
esper:lally in depths of- less than 30m  Secondary productivity depends  in part
on detritus derived. frr::m planktonic productivity or imported from adjacant
AL BAS, Neverﬂua less these soft-bottomed habitats frequent 1y provide significant
f:_s;h:,";,g grounds since they are suitable for trawling, and there ara merate
stocks of a wide variety of fish apecies, both detritivores, such. as the
goatfishes (Mullidae), and predators of benthic invertebrates, such as the
ampercrs (Léthrinidae). Trawl fisheries are particularly significant in.such
ALRAs . when, stocks of commercial penaeid shrimps are present, as in the KAP
ragion, off .the west coast of Madagascar, the wast doast of India and in the
north: edstern Bay l::af Bengal. These fisheries are cxwidered [n further detail
belcu.-; :

‘Intertidal coarse sediments [i.e. sandy beaches) are principally and
increasingly important for their recreational and general enviroomental wvalue,
bat at the same time they are increasingly subject to 4 series of impacts. They
are axploited for <onstruction material such as sand and gravel, and for
minarals {in Thailand, for example, for tin). Coastal construction work can
remilt in dowpshore baach erosien.  And pollution by oil tar and octher rabbish
detracts amsiderably from amy. racreatiemal potential. In the IOR even beaches
remote from the tanker  lanes, for example in the Seychelles {Ferrari, 19832), are
receivirg increasing quantities of tar,

Open opast, soft-bottomed habitats have algo been affected by inland soil
erosion, particularly in the Eastern African and East Asian Seas regions. . In
Madagasmr for example as mich as 250 tonnes of soil per hectare is being washed
away every vyear (Rapdrianarijaona, 1983}, Rivers carry greatly incr=asad
sediment loads to the saa where deltas have heen expanded and down—current
coastal areas subjected to increased sediment loads. At Malikdi, a major Kemyan
tourist centre, such.sediment brought to the ocoast Ity the Sabakl rivar; has bean
deposi ted o prEVlCﬂSl}" sandy beaches resylting in oonsideraple t:eac:h accreticwl,
reportedly a5 mich -as 300m in the last 10=15 years (Fimm, 1983).
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s A further, impact, - prevalent in the ¥AP region, arises from coastal
1nf,mll ing.and .land reclamatrion, which becomes aspecially SEElCﬂJS when mora
ptctilctn!e habl.tatn. mnmﬂered below, are damaged or degtrcr_,red. -

Sa.ndy aren a.re nfart generally protected areas E 52, but are often
included as a major part of a reserve area which has been estdblished to protect
some othar.part of the envircoment, or an endangered species or a breeding
grf.-'m'dr &g, turtle beachea,

Ehclcuad cht%tmad Hab.itats

Enclr::aed soft—bm‘.tomd habitats include enastal lagoons, mdeats and
shallow mxi~silt bottoms in procectad tays and estuaries, and lagoms associated
with ooral reefs. In the IOR mra.tively fow studies have yet owmeentrated an
these hahitats, and. in particular, there is little colprﬂ!mnsv.ra information
available on their occurrence, extent and significance in different areas. It
ia avidant lmwa:, that guch habitats are widespread in the region, that their
:u_:j_nl.fa.can:e CAN vVary . m:.derably deperding on exact environmental conditions,
and also that such: areas are especial ly susceptible to damage and dastm::tlm
reau].t:.ng f:r:cm industrial and residential development- .

_ Ekmlmed sc:ft-hatt::md mihetrates are mwt profuctive and moat su.gn:.f:.cant
whern thej.r suppart BAngrove and seagrass communities; these are considered in
detail in the nezt sectiong. But even where the substrate lacks wacrophyte
oover,, the_re mxy ke a well-developed and diverse fleora and fmma. For example,
on intertidal flatg on the east coast of Saudi Arabia, Basgon at al {1977)
d;utmgumh tlmea zrnes: an algal mat zone inhabitad by mary smll gastropods,
oetraccds, nematodes, flatworms, copepods and oligochaetes;. a Hacrnphthnlm
zone, in which the mst omspicuous invertebrata is the crab eggus, Dub in
which many others are also prisent and a Cerithid zone, dominat sometimes
vary high densities [>2000 m™°} of Carithidea cingulatum

"such’ an al:undant mcrafaum can be asamociated with a high s-enmdaqr

u;hlctlnty as ig wall-knwm from studies in temperate estuaries {eug. Warwick
et al., 1979) where detrital saterial prov:.des food for huge. nunbers of
crustaceans, molluses, .and apnalids. These in tmm support large populations of
fish and/or overwintering wading birds (see e.g. Prater, 1981).

) l-huever. m.xlf].a.l'.a my alaso have a significant primary pructl..u:tnrl.ty due to a
:rurface Ezilm of microalgae; in temperate regicna thia may be of the order of
lol]g O {a.g. Cadém & Hagnmn, 1974), but avidence suggests that sach
prcductuuty may be larger moving into the tropics, and that it may make a
greater coptribution to local seawdary productlvity. Thas Day et al. (1973)
estirated that the productivity 'ff benthic microflora in a shallow water bay in
Lc:uis:.ana {UsSA) was 244g.0.n7° and accounted for a third of the primary
productivi ty input into the system And in a recent study in Bahrain (TUCH,
1983b) it was noted fhat an intertidal njdleat hag a chlorophyll omoentration
due to the spibenthic film of 0.16-0.24g.m™%, a value approaching that typical
of upwelling aresas {about 0.3g.m™°) emd mich higher than that of aligotrophic

tropical oceanic waters. - In fact the pripary productivity per unit area of mad
flat was estimated to be apprn:xmte].y flfty times higher than that of the
surru.mding 8aa. :

Irraspectlvz af thelr prina.ry productivity such intertidal flat and md
battom provide cnt;ml areas in which much of the primary production from
adjatent mangrove and seagrass beds is converted into valuable aetondary
protuction, and thos supports atocks of many important comwarcial fish.guch as
racbitfish (Sidanus son.). goatfish (Mullidasl and smeerors {fathrinidasl. In
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the Eaat Rgian Seas reqion in particular, major fisheriéds are ﬂeveiﬂp*.‘d in
agtuarine arear., Such estuaries and bays also prcvtﬂe o abas - B mifahry- gr::uﬂs
for othar fish, for example, varicus specieds -of sndfger {Lutjafidae); ‘&nd.
especially for commercial shrimp. notably Penaeus semigulcatus in the KAF
requn. and Metapenaeus kutchensis in the South A.sian 59.5 riag:.m SE .

Coagtal 1agooms, bel'u.nd bars and barner Lalaﬂis and ta lesséir ‘Extlf.-nt
fringing reaf lagocns, may also he relatively productiver™ ’{ﬁmver, T priisg
amnd secondary productivity of ocoastal lagoons and enclosed bays i3, throoghout
the Indlapn Ocean, extremely wvariable. This is so because of the extremes of
salinity which may ocour along mny more enclosed shints)inss:™ EEpaci Al ]y within
the KAP region and the Red Sea, many semi-enclosed hays and craeks have elevatad
galinitisg and temperatures as a result of the hct ::lmaf:"e and hlg'h rates Df
Hmem—emporatlm ' AL

S o H armes S _\._ s

Thus in a recent study of the long creaks {knmm lccral‘ly ag- s'hai.'ms “&fd
mersas) which ocour an’ both sides of the Red Sea (IUN,” 1984a) it wag" féund than
in moderately shallow water (l1-Jm -deep) to- tha Eidés of- brﬁaﬁer ‘merTas,
salinities may be increased to 45-48ppt, while enclosed-areds at ‘the” irmarmat:
parts of mersas salinities of up to 50— ‘!Oppt ware recorded, - Tha Gost" saline’
lagoon areas were completely devoid of marine 1ife Buf in more equitabla’arvéead™a-
variety of fish and invertebrates were commin The invertebrates included mst
significant 1y juveniles of three species of commercial Shfimp, Gf° hhi&'l tﬁe oSt
abundant was Penasus semisulcatus.” Such bays and mersassals koow to “dHr Ve ds
Turséry areas for thesé pecies of shrimp (Branford; 'I981F," and’ brobably ‘&5 so°
in many areas of the [QR. Alsg prasent were varidus commersial fish apec;.&a-
ineluding especially mdjarra (Gerridae), silversides: [Athﬁriniﬂae]l, grey miliet
{Mugilidae) and juvenile emperors {iethrinidae). As ‘Coriéluded by Barnes- fl?Bﬂ}'
rany of the most abundant lagoonal species, both of fish and mvertebrateﬁ“;
appear te e generalist comsumers of detritus, penthic’ algm: an:l epiph'taa g

Experience indicates that in the IOR as elsmhefa enclosed mft-battmnd
habitats, ccorring in lagoans, estuaries, creeks-and small haysg, are especially
fuacaptible to a wide variety of impacts. Such enclodied or ‘partially m’ﬁclﬂaad
areas are particularly liable to be affected by mtruct:.m Work, becaise’ ;
are elther potential harhours and boat channels, or are'easily infilled; and.
they are attractive locationa for the siting of private fesidences or i:nmreia.l_'
buildings, and ssrve as a rmatural focus for recrearionmal developranta, They are
alsgc especially susceptible to pollution becanse of their reduced water
ciroulation, =so that pollutants discharged into them ténd o c:n:mtratﬂ ‘there.
Bagides industrial discharges, private houses clustered aArcmd a creek tefid to
be milt, in the absencs of any regqulations, so as to dis&:a:ge their nmiagu and
wagte into the craek, a practice which can eAsily rasult in ‘lodal
sutrophication ]::51 the KAP region in particular, oohdtal infilling on a laige’
acala (tens of ] has been reapmasible for the destruction of large areds of

. productive aoft-bottomed habitat. While in the East Esian Seasd regmn..

esmpecially in North Java, South Sulawesi and Susatra, ccagtal l.agu:nl have Baen:
widely converted for aquaculture of milkfish [crmn-:::s cha.nn:n}, Tilapia an?d'
catfigh {Puntias Javapicus). '

Estuarine areas are also affmtud oy p:llutanta being brqught cbm river)
especially since manmy of the region's main cities, in which industrial acti vity
tends to concentrate, are located on major rivers- Thus, for emnple, it i=
estimated that as a result of pollution only 10% of the cockla farme on the
Petchahuri River, Thailand, now produce yields mthm thie mrlnl Tange
(Piyakarnchana, 1980). Also in the Eastern African regiocn, :.npart.ant estuaries
my be threatened by comstruction of upstream damm, which result in a d&c::‘mn‘
in suﬂ:.mnl:atim and eraulm of the rivar dalia [soe EP:i.m,r 1953] : :
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Enclosed soft-bottomed habitats are often included in coastal reaerves
whars the major elament is mangrove, tut mly a few are protected in their own
right., They should be given special status in any coastal zone management plan.
While it may be most bemeficial for some sudh areas to be used for induatrial o
residantial purposeas, of for aquaculture, enclessd bays and creeks reprasent a
Iimited and wvaluable rescurce in their own right, amd altermative use should
only bhe determined upon after national or regional studies have assessed the
full extent of the rescurce, anpd determined which areas are moot critical feor
fisheries and wildlife. )

Mangroves

The axtent and development of-mangrove stands and forasks wvaries
considerably acroes tha rigionn They reach their fullest extent within the East
Agian Seas regicn. Indonesia possess 3,806,119 hectares (although 77% of this
is in Irian Jaya) (Salm & Halim, 1984), Malaysia 652,213 hectares (most of this
in Eastern Malaysia) (Saseskumar, 1980), Thailand 312,714 hectares
{Fiyakarnchana, 15801, and Philippines, 145,139 hectares (NEPC, 1983).

Mangrove is moderately well=-developed in more restricted areas of the South
hgian Seas and Eastern African regions. In the northern Bay of Bengal, the
Sunderbans, in the southern Gangatic delta, support ower 500,000 hectares
{Mukher jee, 1984), and in Pakistan and western India the Indus dalta supports
280,000 hwectarea (Spedaker, 1984). Mangrove iz less develeped in Sri Lanka amd
patchy or thin in the island nations and groups of the Indian Goean, although
mangroves in the Andaman and Wicobar Islands appear to be andng the leaat
disturbed.

In the KAP region relatively faw stands of mangrove survive except in Iran,
but in the Rad Sea patches of mangrove are zcattared along both coasts, being
more abundant in the south, but petering cut in the north. The Saudi Arabian
Red Sea coast for example, is thought to support approximately 10000 hectarea of
mAgqrove {m:- lgaha 19‘35}- -

Tha character and development of the mngal changas acroms the region in a
gimilar way. In the sast mary species contribute to the mangal, for sxample, 38
in Indowsia (Soegiarto & Polunin, 1982), amd well—-daveloped foreats incorporate
four or more zones dominated by different genera, particularly Avicennia,
Scmneratia, Phizophora and Bruguiera I[Gung et al., 1380). The mangroves af
amatern BangTadeah are sssentially similar to those of Malaysia (Snedaker,
1964), whereas on the west coast of Indla the mangrove areas are dominated by
Avicennia marina and Fhizophora mucronata, although a total of about twenty
genara have been found in the Gulfs of Carbay and Kutch, which are reputed to be
the beat developed mangals on that coast {Untawale, 1984). In Pakistan the
Indus river delta ix dominated by Avicennia officinalis, cften in poor stands,
with enly occasicnal trees of Cerigps [Salm, 1475

Avicennia marina is the only mangrove recaorded from the FAP reqion arxd Gulf
of Oman (Basson et al., 1977) and this is also the principal species in the Red
Sea, although very oomasicnal stands of Fhizeshora mieronata also ocour (Zahran,

1967 TUH, 19684a), mainly towards the soath, and BL‘LPE:LEH %ﬁ has also
been reported from a single lomation in Horth Yesen

Az their extent, development and high productivity might suggest, mangrovas
are a reserve of considerable value apd have been incraasingly heaavily utilised
in many parts of the area, especially in the East Asian Seas and South ARalan
Seas regions. Coastal pecple have used che wood for fuel, fishing stakes and
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fedder and in the past the bark of Indian mangals has bean uaed far tannin
production. One or two Species produce adible leaves or fruit. IUH's review
{1983a) on the global status of mangrove ecosystems Liats nemrly 50 products in
all that are o*tained from mangrove forest. Moat recently mangals have been
heavily used for chipboard production. In Indonesia, for example, the coobined
export and domestic value of all mangrove foresiry producta was estimated in
1978 at about US$26 millicn.

Bezides their direct value, mangrove areas are increasingly understood to
be of immense value because of the other natural reascurces, in particular
fiszharies for fish, crustacea and shellfish, that they may provide or sustain
bpart from fish or crustacea chtained from within the mangrove (For exapple, the
garqgestid shrimp, BAcetes Spp}, mngroves are essential pnursery areas for other
commercial figh and shitimp species {Mac¥aa, 1974). The productivity of the
marine prawns FPepaeus Merquiensis, Metapenasus Donocerns and Metapsnaeus
brevicornis has clearly been related to exlsting mangrove areas [Unar & Haamin,
TO84}. Mangroves also dirsctly support much nearshore fish production, leaf
fall from mngals being exported to sustain a large population of invertebrate
datritovores and their predatora, including mamy commercial fish speciss, In
the Philippines the major fishing grounds are generally located near areas
bordered by mangrove (Gomez. 1960), and by way of ocomparison, it was estimated
in 1970 |Robas, cibted Wal:zh, 1977] that cne acre [(0.405 hal of undisturbed
mngal estuary in Florida vields USS7,9%80 woerth of commercial fish products in
20 years, In Indonesia, the combined exports and domestic value of mapgrove—
linked fisheries products in 1973 was at leagt US5194d million (Salm & Halim,
1284 . .

Mangroves also support many species of non-commercial plamts and wildlife
For exampla IUCN (1983a} indicate that over 200 apacies of plant and over a
thausand species of mrine invertabrates and vertebrates have bean recorded from
south—-east ajlan mangrove areas. In addition, 177 birds and 316 species of
mammals have been reported in asagciation with mangroves in thias area. More
oonspicuous species of scientific interest and conservational value include
estuarine croocdl les, mny water birds and the rare Royal Bengal Tiger, found in
the Sundarban mangroves of Bangladesh and India

&s rapidly as the enormpus direct anpd indirect valpe of mangroves, in
fustaining a wide variety of renewable resources, has oo to be appreciated and
andavstood in recent years, the loss and destruction of pangrovas appears to
have proceaeded faster and at an accalerating pace- Mangroves have been lost
from increased presaure of cutting for fuel and timber, related to the rapid
growth of human populations. Mangroves are cleared, drained and/or felled for
agriculture, residential or commercial develgpment. They are clearad for
conversion into fishponds. And in particular in recent years large areas of
mangrove forest have beem felled for oonvereion to chipboard or paper, generally
for export to industrial nations outside the region (Mactlae, 1974; Soegiarto,
1980). 1In the past, forest mnagers have frequently cropped mangrove oo a 16 ko
A3 year silvicultural cycle, but increasipgly timber companpies, (particularly
Japaness), appsar to be felling large arsas with no regard for eithar
traditional or recommendad silvicultural practices.

Thus i the Philippines the area of mangrove has decreased from 415,290
hectares in 1347 to approximately 146,139 hectares in 1978 {(NEPC, 1983). In
Indonesia an estimated 700,000 hectares was converted to agriculfural land
hatween 1969 and 1979 (Scegiarto, 1980). In Singapore 10-122 of total land used
to e mangrove, but only 3% now remains (MNS, 19684). In India, Blasco {1977}
estimated that only 365,000 hectares remained, roughly half the officiaZl
estimate for 1963. Total destruction ia even reported over large areas of
magsive and relatively inaccessible stands in the Bav of Bengal (Mikharias &
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Tiwari, 1934). In Wastern and Southern India, much of the originally axtensive
mngrove has been removed (Untawale, 1984; Krishnamorthy & Jevaseelan, 1984).

Even where Mangroves repreaent a acarce resource they are being leost
without regard to thair value. Owver half of the mangrove stands on the Sawudi
Arabian norkh east coast have been infilled for housing or industrial
development in the past ten to fifteen vears (IUeM, 19821,

Mangroves have also been subject to other impacts. Tin minirg, followed by
convergion for salt production, appears to have been responsible for most
mangrove leoss in Thailand (Piyakarnchana, 1920). The Sundarbans mangrove
ecosystam has beeh severaly affected by the Farakka Barraga, which has divertsad
waters of the Ganges; as a result flonds, soil toxification, land instability

—and pest infestations have increased, vhile fertility, water guality, forests
and fisheries have daclined (IUCN, 1983a). il spills from the sea, or other
pol lutants rought down river have alss resulted in extensive defoliatiom and
death of pangroves (Soeglarto & Polonin, 1982),

Manacement policies have been developed in muy countries of the region in
rasponse to this rapid loss of natural resources. In Indonesia a 50-200 m
qreet belt should be retained along the opast (Soediarts, 1980). Similarly in
the Philippines a belt of not less than 100 matres facing the sea must be
excluded from fish pond construction {WEPC, 1983). Resarves, either atrict
reserves or foreatry reserves, have been established in Indonesia, Brunei,
Malaysia, Thailand, Bangladesh and India, either specifically to protect or
mnage pangrove areas, or in which mengroves are an important elemant.

Bowever these reserves cover aly a smll proportion of mangrove arsas and
felling or other impoacts are making inrcads into these areas. The Klias
Maticnal Park in Sabah was actually degazetted in 1280 for tipber exploitation.
Ard in general, even whera managament policies have besen formlated thay have
Erequently not yet bean fully implemented: this may be partly becauvae of
‘rappant violations' by commercial cperators (WEPC, 1983) ard partly becsuse of
the difficulties of restricting access to mangrove areas and preventing
wnauthorised g8e or damage. Even within the pest managed forest reaerwves there
my have been a decline in productivity and tioker production (Gomez, 1980; Gorng
o al., 1980} although the reasond for this are not Teally undsrsteocd

The continving decimation of wangrove respurces has already stimilated
concern and activity internationally and regiomally. In 1378 SCOR, in
mollaboration with WNESCD's Division of Marine Scienpes, estaklished a working
group on Mangrove Ecalody. In 1980 IUDN also established a working group on
Mangrove Eccsystems to collate existing infermation for usa in quiding the
management and conservation of this natural resource. Cooperation of these two
groups was partly funded by THEP and WWEF.

Within the BSFBN reqgion detailed national regorts and an owerall regicnal
raport on 'The Present Status of Mangrove Foosystems in Southeast Asia and the
Impact of Bolluticn' were published by FAJ/UMER in 1980,

MESTYD egpecially oontinue to ba active in promoting activities related to
mangrove research and mnagement, including mangrove mapping by remote sensing,
a UNEP/UNESCO regional prodect on sedimentology in mangrove arasas, and the
development of a network of mangrove managers and scientists in the Indian
Ciomar . :

The major conoern for mugroves, both within and beyonsd the region, must be
for the extremely rapid direct destruction of mangrove areas that is now
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the present rats, by the tum of the cenbwry mangroves will be restricted to a
mdast number of gerorally small reserves and to degraded or poor Ly dewve lopsed
atands in remcte areas. The loag=-term enviroonmental) and soclo-economic
repercissions are predicted to be considerable, buk are not given due
conaideration because of powerful ecomomic forces favouring immediate
dagtructive utilization of mangrove areag.

The ASEAN reports included recommendations which may be taken as
summrising the urgent action regquired through almsst the entire Indian Coean
region. These were that mational governments should:-

1. Take immediate steps to radically raduce the amount of
mangrove - being released for development, until rmore is konewn
acout the stage of mapgrove resources and the environmental
impact of destroying this ecosystem

2, Seek to establish more fully protected mangrowve areas
and davalop management plans for them

3. Identify pricrity Jdegraded areas for re-afforestation.

4. Ensurae that exizting policiea and legislation relating to
the manqrove environment are mores strietly enforoed.

The IUCH {1983a) report on the 'Global Status of Mangrove Ecoayatems'
details recamendations for the action necessary to underpin the decision-mking
and enforcement Tequired by national anthoritiea. These include:-

L. The devalopment of a database of the extent of pangrove fm'
use by national and internaticoal planners:

2. The development of Mational Margrove Reszource Management
Flana by Mational Mangrove Cormditiees:

3. The develcpment of an extensive programme to create
" awareness of the value of mangrove rescurces and
conservation amng decision-mkers, managers and asera;

3. The preation of natimmal and intermational sollaboration on
rasearch to provide the information required for the
effect ive protection and managemsnt of mngrowe resourcas.

SEEMQ

In all, about 15 mpecies of seagrass of 7 genera area believed to occur
within the whole IOR. In many areas their variety and ooourrence has not yet
been well studied, but it ig known that while some areas support extensive dense
boads of seagraas, in others ssagragsaes are relativaly sparsely diatriluted The
spacies moat abundant in the region appear +o be Halophila stipulacea, Halophila
ovalis, Halodule uninervis, Thalassia hemorich(l, Cymodooes serrulata, Enhalus

accroldes and SyringoUim 1soetlioLLUn

11 spacies, of which Thalagmia %idﬁ.i is the moat widegpread, have been
racorded in Indonesia (Soey.arto & unin, 1982}, At the other end of the
reqion 9 species have been recorded from Eastern Africa {Alaem, 1984) and tan
along the Red Sea coaat of Saudi Arabia {Aleem, 1979; IUCH, 1984a). Fewer
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Mauritiug, although scome of these are nevertheless alamdant arcund parts of wany
of the higher granitic islands {i.e. the Seychelles, the Masocarenes, the
Andamans and the Nicobar Islands). There are also large seagrass beds io
scuthern India and in the umerous estuaries and embayments of 5ri Lanka.
Aroud the periphery of the region, uwnder oooler or more saline oonditicns, the
marber of Species mey be raduced. Only three species, Halephila stipulacea, B
pvalis and Halodule uninervis, secur within the KAF Teglon, buf there they
navarthelass form an extensive and sconomically significAnt habitat.

In some gther areas danse seagrass beds are uncommon or not extensive,
This seems to ba true of at least some of the coast of Paklstan and of muech of
the ooast of wastarn India, probably because the ooastal waters are exposed and
turbid so that seagrasses can not easily find a foothold o grow well.

Seagrasses are not exploited directly except tha- the seeds of Enhalus
acoroides are eaten by some coastal pevple {Scegiarte & Polunin, 1987], bat
seagrass bads are of major economic importance both hecavsse they provide
critical nursery grounds for many commercial species of fish and shrimp, and
more egpeclally because their very high primary productivity may support
abundant invertebrate and fish stocks in surrounding areas.

Tropical seagrass beds are Anong ti:e most profuctive of al ecosystems,
Productivities of 0.5-16 q.C.n “day — and 500-3,000 g.c.m'f;r' have been
recorded (Drew, 1971; Patriquin, 1973; McRgy, 1974; Buasa, 1975; Zieman, 1975)
arnd atanding stocka may [each several kom * (Aleam, 1984). A recent review of
the topic is provided by Zieman and Wetzel (1980), although few estimates have
boan wade for amy ssagrass beds within the IOR

It has generally besn omeluded that mat of thia productivity enters the
decompoger food chain (Wood at al., 1969; Wahbah, 1983). The sanescent bladss
break off and decompoae, either within the grassbed or after being carriad to
adjacant arsas. The rasulting datritus and bacteria (see Fenchal, 1270} are
consumed By an albundant meiofama, By sponges, sessile polychoetes, bivalwves
{including pearl oysters), a wide variety of crustacea (including commercial
shrimp species} and some fish guch as mojarra (Garres spp.) and some zmullat
{Mugilidas}. Mary other fish feed in turn on the invertebrate infauns. In some
parts of the region, for example in Sri Lanka (see maps in 5alm, 1978},
seaqTagaaa cover an area far in exoega of that covered by mngroves and coral
reefs, and probably make the largest omtribution &0 the primary prodaction of
inabore waters.

Species thus directly dependent on seagrasa beds either as juveniles or
adulta include the important commercial shrimp, Penaeus asmisulcatus, which
provides valuable catches in tha KAP region {Price, 19827 and in the Gulf of
Mamnar (Southern India) (Manisseri, 1982), pearl gysters within the EAP regicn
(Ba=maog et al., 1977}, and various commercial fish species of the genera

Lut janua {2Rappers), Lethrinus {emperors), Siganus {rabbitfich). aus and
HET?EET Polunin,

(goatEi s Soeqgiarto k 1982). The fish are often
t 1ncl 1ly during shrimp fishihg and way even form the major part of
the catch (Manisseri, 13d2; IUN, 1%83b}.

In addition to their importance to the more uvsuval fisheriwsg, seagrasaes
provide the major food source for two species of ¢considerabile scientific and
omservational intersst and resource valow, the Dugong (Lipkin, 1975), and the
Green turtle (Carr, 1352; Birth et al., 1973; Ross, 1979); juvenile Hawksbill
turtles also feed on seaqrasses (Phillipe & MoRoy, L9800,

Given their significance +o the various fisheries, seagrass beds are




apprmximte ecxoncmic value of the fishery generared oy a seagrass dominated bay
in Sauwdi Arabia (Tarut Bay) has been estimated by Basson et al. {1977). If
seagrass in the bay were inoorporated into food chains, the gstimated value of
the fish yield would e US38 million. If instead, grass was convertad at the
game efficiency (1% owerall) into shrimps, the caloulated value would ba nearly
US5E2 million On the other hamd, if the seagrass was grared directly by green
turtles, at an efficiency of 10%, the turtle yield was estimated to be USS46
million. The value of these natural resources is based on 1977 pricea, and the
caleulations are very approximte and largely theorstical. Hevertheless, they
demynstrate the considerable value of local biological resources which, if
mnaged oorrectly, are renewable.

Despite such eatimates of economic value, the nesd for protection and
management of major seagrass D] areas has peen little considered.  Becagse of
the relatively inconspisucus nature of this habitat, impacts £o seagrass beds
have bean mach less well documented than thosae to other major saripe ecosystems.
Havertheless, legal impacts have peen reported:. For eiample, estuarine
disturbances such as industrial and agriculetural rnoeff have damaged s=agrass
bads in S5ri Lanka (Salm, 1275), and ipdustrial wastas, sewage Jischarges and
overfishing have been reported to have led o chapges whieh incloded the
dastruction of a ssaqrass bed in Mauritivs (Frocter & Sajlm, 1974).

Damage to and loss of seagrass beds has perhaps been most zerious within
the KAP region. Here saxtensive seagraggs beds occur in water 2-10 m deep and
suppCrt very valuabla shrimp and fish rescurces. But in nearshore waters,
espacially in Sandi Arabia (TN, 1982), Kimait and Bahrain (IUON, 1983b) large
areas of this habitat have been lost try extanaive land reclamation and
infilling, by dredging to form shipping and boat channels and by sxcessive
sedimentation tesulting from upcurrent infilling or dredqing activities., Heawvy
sediment loads may suffocate or completsly cowver the plants, whila increased
turbidity alone reduces light levels in the water oalum and on the seagrass,
Ehus reducing or preventing photosynthesis or growth. The col lapse of the
ghrimp fishery in the porthermn part of the Gulf has been largely attributed to
the lpas of critical seagrass habitat {(Jones, pers. ocomm).

In view of the increasing amount of ooastal engineering and constroction
work, infilling and diedging takiom place thooughout the I0R, it seems Likely
that aimilar damage must often be cocourring eisewhere hut be unappreciated
Unfortunately it ssems likely that where dredging has once been carried out
there {23 oftean fairly permanent alteration in the nature gf the seabed,
resulting in a wudh less productive and less diverse habitat. [redging alters
the substrate composition in areas of seagrass bed loss to produce a matrix of
mch finer materials. These fimer materials are very difficult for planta to
recolonise and are much more easily rasuspended than coarser sediments, so
perpetuatiog the problems of turbidity. In Florida, for example, recolonisation
was 5till negligible ten years after the disrurkanoe of a bay bottom by dredging
(Tayior & Saloman, 19%68). Even when the seadgrass rhizomes themselves gurvive
suparficial dredging, it may take a year cr more for them to recomence growth.

Seagrass beda are also being affected by other impacts. Damage oocurs
where demersal trawling takes place {e.q. Basson et al., 1977}, and may become
non-Tevarsible as trawling is intensified in the face nf overfishing and
declining stocks. PFurrophication consequent upon waste discharge promotes
avergrowth by epiphytic algae. Dastmaction of seagrass beds as a result of
overgrazing by epidemic populaticng of sea urchins has been reported frome the
Gulf of Agaim (Fed Sea) (Mastaller, 1979: Wahbeh, 1980) as well as from cutside
the reqicn, the population cutbresks of these urchins very possibly Dcmrrlng an
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Seagrass beds may also be susceptible to iggacts from oil pollution. In
.addition to direct affects oo the geagrass, more sericus and possibly longer-
ters damige may oocur throwgh inderaction botween the il and the sedisemts in
which the seagrass . is growing- Much of the il and tar from oil spills
eventually sirks as appears to have happened to wost of that resulting from the
racant major 'Mowruz' oil spill in the KAP ragion. On the seabed, o0il and
sediment can agglomerate inte mora bucyant lubps and pellets which, in
relatively shallow watar, can be cemoved by wave and r_&rrent action. {Diaz-
Piferrer (1962}, for example, recorded tha loss of 3,000m" of zamd from a Puerto
Rican beach in less than a week due to this effect.) Thus where oil settles
over seagrass beda, loaa of sedipent may lead o uprooting of the grass ami
famage to or destruction of tdw bad

There appear to be faw management policies specifically related to the
protection of seagrass beds and resources, Seagrass beds are a significant
element within acme reserves or proposed reserves, but no protected area is
krvwn to have been established apecifically to protect this habitat. In Bahrain
infilling and dredging activities now require a licence, 2 move intended
eapecially to protect irmportant seagrass areas, and similar restricticns may
oparate or are being introduced in sqgme other countries. There is an urgent
need to aasess the extant of damage to seagrass beds throaghout the region and
to encurage more careful reculation of infilling, dradging and other cosatal
engineering projects, for example by more genaral use of enviramental impact
assessment procedures.

A recent regicnal aympoaium convensd by the Indian Maripe Biological
Asscciation has epphasiged the importance of aeagrass beds and recommanpdaed
research on their status and ecoloqy, and UMES(TY/IABD are shortly to piblish a
volume on methods for seagrass research.

Bocky Shores and Subatrataes

Rocky shores varyiny from limestawes to hard voleoanic rocks are widespread
throagh the Fast Azian Seas regiony they also odour in India between the Ganges
and Godavari, between Krishna and Cape Comorin, and in Karpataka and
Maharashtra, in Pakiastan west of the Indua delta, oo the Andamans and Wiogbars,
in the Seychelles and on Mauritiog, and in ocutcrops and rocky islets along the
moast of East Africa. Along the scuthern coast of Arabia a variety of exposed
rocky habitats ococur - boulder beaches, sedimentary rocky shorea, and
metanorphic and limestone cliffs.

In the Rad Sea much of the coastline omsists of ralsed reef rock forming a
low 1-2 metve high cliff, althowgh thix is frequently seéparated from the watar
by a narrow belt of sand, and where thia is abgent the intertidal #oma is very
narrow- In the KAP region rocky shores pocur Dost commonly in Iran: Saodi
Arabian shores are general ly very flat but may be formed of intertidal rock
flats which may be very productive {Basscn et al-, 1977).

Information on the extent and character of rocky shore comminities
throughout the area is generally incomplete. Freguently rocky sublittoral zones
ara frimged or dominated by corals. In the Ged Sen and Gulf of Aden, where the
intertidal zone ia narrow and air terperatureg hioch, rocky littoral z2ones are
deadnated by grazing and predatory gastropeds, such as Merita spp. Where wave
action is more regular Indian Ocean shores are frequently dominated by rock
oystera, Saccosirea spi. Ino a few areas, for example in parts of Kenya and
Tanzania, algae dominate the intertidal. This may be where nutrient levels are
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luxuriant growth of Ulwa fasr:lata, Ecklonia radiats and Sargassum spp- (IWCH,
1983:1

Trawling is difficult over rocky ground and fishing off rocky shores is
generally limiced ko use of line, eapecially for groupers (Serranidae) and
shappera (Lutijanidael}, and pots, aspecially for rock lobsters {e.g. Mohan,
198}, An endemic abalone {Hallotis mariae) occura in the kelp heds in southern
Oman (IOCH, 1983:). The maln siynificance of intertidal and subtidal rocky
ghores dominated by algae lies, however, in their high productivity, which in
some Indian Ocean areas may ba a significant factor in the elevated production
of inshore coastal waters, as it is in parts of Burope and America (Platt &
irwin, 1971}, Green algae may he consumed direct ly by scme species such as
Siganus (rabbitfish} or Diplcdua {pinfish). Most brown algae eventually bactwe
torn or broken and decompose to detritus which supports rock oysters, shrimp ared
numerous meiofamal and macrofaunal invertebrates. These in turn become the
food of a wide wvariety of commercial fish spacias, esgpecially snappers
{I..ut]amda.e]. emperors {Lethrinidae) and bream (Sparidae), which may then be
caught in surrmﬂlnq waters {e.g. IUQH, 1983a).

In general rocl':y shores and coasts in the region appear less impacted than
other important habitats. Locally they have been lost through ccastal
erginearing and construction work, inclwuding the remwval, in parta of the area,
of beach rock (Farcush') for boilding (Basaon et al,, 1%77). Also, rocky shore
communitiea are especially sensitive ko oil pollution (Melson-sSmith, 1971;
Bakar, 1983). Desgpite the frequent oocowrrenwe of oil Spills in some areas (KAP
region, Gulf of Suez} there seems to have been no specific study of their impact
on rocky shores within the ragion. The effects alsewhera hava, howaver, besn
well documented. In general, fresh crude or light oil products tend to
penetrate wall and have toxic intarnal effects, whereas weathered or haavy cils
tend to causs external mechanical effects through smothering.

A nurber of protected arsas within the IOR have rodky shores and substrates
a3 & significant alement though this may not have basn the primary raascn for
astaplishment of such reserves. [t may particularly be noted that rodky shores
and high cliffs often have considerable landacapa value, and may form an
important component of the coastline within recreational apd touristic areas.
UInoonsidered development and construction work in the ocastal 2ome may greatly
reduce or destroy the aegthetic valua of such coastlipne, lending to a
depreciation in the economic value of the touriat industry and a 1048 in the
quality of the envircnment enjoyed by local people. There is probably an
increasing naed throughout the region for such ahores to be protacted
specifically for theitr landascape value.

Coral Beafs

Coral reefa (fringing reefs, platform {bank} reefs, patch reefs, barrier
Teefs and atolls] fore perhaps the most comspicoous of paripe habitats within
much of the IOR; they are certalnly aa important as any in terms of
productivity, diversity and the provialon of livelihood for inhabitants of
coastal settlements. Their complexity and productivity support mmerous and
abardant. Fish species, which may account for as mach as haif of the catch within
aome areas; in many countries they are a major feature of a valuable and
expanding tourist industry, and they congtituta habitats of epormous scientific
and ectioational interest and Bocial and cultural valies However, as described
in further detail]l below, in mat if not all contries of the region, degradation
and lass of reef habitats is occurring to varying degress, often at a rapid
Pace,
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In the East Asian Seas region the moer extensive reefs coour in Indonesia
and the Philippines. In Indonesia the moat prolific reef development is towards
the eastern end of the archipalago, ut reefs also ocoour off Samatra and Java.
Adnd in the Philippines fringing reefs are associated with may of tha 7,000 or
50 islands in the area, Negros and Palawan having particularly good reef
develgpment. In Malaysia, Thailand and Burma most of the reefs occur as
Eringing and patch reefs associated with offshore islands, there being
relativaly little development along the mainland coastline, presumably because
of the sometipes heavy runoff of freshwater of which ccrals are intolerant.

In the South Azian Seas region, Bangladesh and Pakistan have no coral reefs
due to the high turbidity and soft substrate, except that corals are found an
rocky substrata west of the Indus. India has two widely saparated areas
containing reefs, the Gulf of Kutch in the north-west, and Palk Bay and the Gulf
of Manpar in the south-east. 5ri Lanka has shal low reefs especially on its
acuth and east coasts. The Indian islands of Lakshadweep (Laccadives) are
entirely compoased of atolls and therefore have extensive sublittoral reefs, as
Jdo the Niocdhars and Andamns.

In the Bast African region well-deuelnped fringing reefs and patch raef
complexes occur along sajor sections of the coasts of Somalia, Renya and
Tanzania, and around their offshore islands, and Madagascar has well-developed
reafs an parts of both ocoasts., The Seydwlles have varying reaf development.
Raafs are general ly absant from the west coast of Mahé but those of Aldabra
atoll have been especizlly well studied. In the Mascarenes, reaf development
generally diminishes from east to west, Fodriguezr and Mawxitiug having well-
developed fringing reefs although these are lacated far ocffahbore.

Coral reef habitate are particularly dominant in the Red Sea. Although for
zoogecygraphic reasons species diversity is lower than in the Indian Coean
proper, the lack of freshwater input along most of the coastline results in
vigorous inghore ooral growth and formtion of well-developed fringing reefs
around almost the whole of the northern two—thirds of the sea. In addition,
around mach of the Red Sea, extensive groups of reefs, including patch reefs,
platform reefs, sulmerged reaf Lanks and ring reefs, oocur 5-15km from the shore
ardd in =me areas complexed of reefs and islands extend as far as S0km offshore
{sae e.q. Mergner, 1284; IUCH, 1984). However, there i3 a Jecrease inquality
and extent of coastal coral communities moving south of about 200 (Waimwright,
1965; IUCH, 1985}, largely bacause of tha shallowsr bathymetry and higher
turhidity of this reqgicn.

In the KAP region, reefs are less well-developed, but they are nevertheless
more extansive and spectacular than generally acknowledged (Basson st al.,
1977). Particularly well-davelmped fringing reefs gurroumd Karan, Jana, Juragd
and three other offshore islands in the Sandi Gulf, Kubbar Island (Fiwalt) and
saveral islands between the Straits of Bormaz and Bapdar Asalu {Iran). Cogal
reefs are also present in the ooastal waters of the United Arab Emirates (URAE]
and alang the sastern ooasta of Bahrain and Qatar, as wall as in Cman.

In general, the reafa of tha IOR are formed and/or dominated by a variaty
of speciea of the genera Poritea, Acropora, Goniastrea, Favia, Pocillopora,
Stylophora, Millepora and Flatygyra., fowever many other species and genera
occur. The Past Asiap Seas region is generally considered as the faunistic
cantre of the Indo-Pacific region and over 400 gpecies of hard coral are thought
to ooour in Philippine waters. Mowving westwards and northwards che diversity of
the coral fauna gradually declines, 174 apecies are recorded from the east
coast of the Malaysian peninsula (De $llva et al., 1980}, about &0 from the Gulf
of Thailand, 117 from south-east India, about 200 from Madagascar and from
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Chagos (Sheppard et al., 1984), ovar 150 from the northern and central Fed Sea
{(Sheppard, 1983), and about 40 from the KAP region (Burchard, 1979).

The diversity of fishes amd of the differsnt floral and invertebrate groups
ig equally high and shows comparalkle trends, although the extent of available
inforwation varies omnsiderably from group to groap and country to emmtry

The high productivity of corals and coral reefs is now well d;:mcumentéd.
erally gross productivity appears to fall within the range 2,000-5,000 g.C.m”
{sae Lewis, 1977). As a result of the food thus generated and the cover

available on reefs, their major value is in terms of tha artisanal and

commercial fisheriez which thay support. [t has been estimated that Enhe
standing stock of fish on reefs may reach 5-15 times that per unit area found in
productive Worth Atlantic fishing growrds, and twice that for manpaged temperate
lakes {Stevenson % Marshall, 1374). It is suggested dhat mxlmﬁa fish harvests
that cah be sustainad from coral reefs are probably 10-20 mb/km® (Munro, 1984).
Because of the patchy nature of the reef habitat and its tight recycling of
nutrients total catches may not be as high as in major {isheries in temparatce
and upwelling regicons of the world's oceans, but they are fregquently of
omsiderable local significance throwgh the IOR and, as pointed out by Gomee
(21900}, the importance of coral reefs as providers of fish and shellfish for
home consurption el looal markets is probably underestimated. Commersial fish
agaociated with reefs include many specles of spapper (Lutjanidae), grouper
{Serranidae), emperor (Lethrinidae), jack {Carangidee), grunt {Pomadasyidae) and
goatfibh (Mullidae). :

In addition to providing edible fish, and also aome shellfish {such as
apidar conch, lanbls spp.). reefs provide many ornamental products including
shells, corals and aquarium fish, and attract visitors and tourists {sosetimes
in very large nunkera), hedce providing emplayment for loml pegple. They alsc
provide a growing list of medicinal products, are of immense scientific and
adicational wvalue, and act a3 a wave buffer, protecting r:::nstllruas from ercsmion

amdl storm damsges

In appreciation of the importance of coral reef rescurces, marine parks and
other protected areas incorporating coral reefa have now been established in a
mmbar of countries within the IO  In Indwesia coral reefs are an important
elepent in ar leaat seven Wational or Marine Parks and Reserves. In the
Fhilippines coral reefs are included within 6 established parks and reserves;
additicnal marine parks and reserves hoave bean declarsd oy Presidential decree,
although they have not yet been incorporated within the National Park System,
and their prasant status isa little unclear (Walls, 1982). In Malaysia, two
National Farks on the west coaat of Sabah 1nmrpnrate reef areas, 23 doas the
Tarutas Matiomal Park in Thailarvl

There are fewer marine parka or reassrves in the Western Indian Ocean.
Thare are three marine parks in Kamys, that at Malindi being especially wall-

In the South Asian Seaa region thete are as yet only a few protected reef
areas. In India there are corals within the country's first operating marine
Wational Park in the Gulf of Kutch, and the Krusadi Island redfs are includad
within the area of the Gulf of Mannar proposed as ancther parine park.  In Sri
Lanka there is little formal protection for reefs, although at the southwest tip
of the island lies the Rocky lalets Sanctuary covering 1.5 hectares.

Tn the Rad Sam amd M1 F AF Adan raatmsn rwrd st ier for onral raafe wae s
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the egtablishment of Marine Farks amd Reserves have taken place in Egypt,
Jordan, Sudan and Saudi Arabia. Towards the end of 19684, Ras Mohammed was
desi¢gnaced as Eqypt's first Haticnal Park in the Red Sea. In both Jordan and
Sudan marine conservation legislation has been upgraded and sroposals are in
hand for establishment of National Parks at Agahs {Jordan) and Sanganeb [Sudan},
In Saudi Arabia there are no coral dominated reefs w.thin the stretch of
coastline encompassed v the established Asir Wational Park in the soutlwest
corner of the country, but aleng the rest of the coast interim protection is
being given to sone 70 candidate sites for protectorate status, a majority of
which include ooral reefs.

Wichin the EAP regicon, Sheedvar faland {(off the western end of Lawvan
Island, Iran), has excel lant coral reefs and has besn pmtected since 1972.  In
Smuli Arabia designation of the six offshore islands as marine protectorates is
also imminent.

Despite the astah] ishmpent of these reserves and parks only a tioy per cent
of the region's coral reefs fall within protected areas, and despite the
increased pace of intrioduction of environmental legislation, dﬂgfadﬂtlﬂn of
poral reaf commnities is taking place st an accelerating rate in an increasing
numner of areas ag a result of a variety of ipparts. The threats to ooral reefs
throughout the world are numercus ang have been reviewed in general terms by
Johannes {1975}, and Eenchington and Salwvat {1984), Hare it is proposed to
cancentrate on the fouwr or five impacts which are causging cx::nslderahle damage
within tha I0R, some of which ara cmitted by these authors.

Sedimentaticn

Sedimentation oecurda as a regult of land infill and other coastal
conatruction work, az a reault of dradging, and as a result of an snornously
increaged sediment load being carried to the sea by rivers following upstream
land and soll erosion. Increased sedimentation is probably the single most
deatructive influence oo ocoral reefs in the Indian Ocean region.

Corals are generally intolerant of very heavy sediment loads: not anly are
the low kight lawvels in turbid watera insuffictent for adequate phetosmthesis
anrd growth, but the excess]ve sediment evental ly clﬂgs or geothers the ~gral
polyps, preventing feeding and interfering with respiration {Harshall & orx,
1931; Marszalek, 19511

Corals are a.ble to free themselves of zome zediment, by secration of micus
and the acticn of cilia, and some ooral azsemlages are chacacteristic of turbid
waters [Crossland, 1907; Maragoa, 1972), But they are able to aurvive only s
loy as sediment particles are small and relatively easy to remove, and under
such conditions, because of the anergy reqirements and logs inwelved in freeing
themselves of sadiment, grwth and net productivity are low. As sediment loads
increase the corals die, and in extrepe cazes may be completely buried {Hubhard
b Pocodk, L9723 Marsh & Gordon, 1974).

Examples of reef damage and loas as a result of sedimentation ocour within
every regirnmal seas area in the IOR. large scale siltation following inland
deforestation iz believed to be respmsible for reef detericration in much of

the ASERN regicn (Gomez, 1980). Sedimentation as a result of cosstal and merine

tin mining i3 the major cause of damage to reefs in Thailand {Chansang &t al,
1961). Reef damage off the sast coast of Peninsular Malaysia is especially
mticaahle in t:ays adjaoent to agnmltural develcpm*;t I{De 5111.ra et al, 19801

-



mortality has cocurred oo Miniow atoll, the largest in lakshadweey, a8 a rasalt
of dredging of the main shipping channel (Pillai, 1281). In the Comoros,
siltation of veefs and lagoons is lowering fishery productivity (World Back,
1979), Sedimentation from inland deforestation is reported to be causing damage
in the Andaman islands (Whitaker, 1984}). In Kenya coral in the northern part of
the Malindi Marine Hational Park has been severely affected as a result of the
great increas# in sediment input to the sea by the Sabaki river, followinog
upriver so0il erosion (Finn, 13%83). In Bahrain a guarter or more of the main
coral area has been loat, and much of the remainder noticeably impacted as a
result of sedimentation caused by dredqing of shipping dharnnels and by infilling
{IUCH, 1983k). And in the Red Sea off Sandi Arabia, fringing reefs along 30km
of coastline nave Deen impacted by sedimentation following infill cperaticns to
construct the Jeddah corniche rocad (TUCH, 1984h).

Demege by echinoderms: aea urchins and Crowm—of-Thopns gtarfish

There appears to be an increasing incidence within the region of damage to
reafs oy endemic popolations of sea urchins {echinoids) and of Crown-of-Thoms
atarfish (Acanthaster planci). Crown—of Thoarns starfish feeds directly on coral
mlonies, digesting in satd patches of the tissue layer, and b=came notorious in
the late 1960z and early 19705 bacause of the widaspread destruction caused to
coral communities on the Great Barrier Reef and in some other parts of the
waestern Pacific Ocean {e.g. Guam) by infestations of this species. More
recently within the Indian Ocean region large populations of A planci appear to
have caused high coral mortality in Minicoy atoll (lakshadwesp) (Pillai, 1281},
in Bri Lanka, in Mauritius, at locations in Paninsula Malayszia {De Silva et
%., 1980), Eastern Malaysia (Wood et al., 1977) and Indonesia {Azir & Sukamc,

77}, T

Beef urchins normally feed by grazing on the algal turf that coloniaega
rocky surfacesa of the reef. Howaver, when the urchins Diadema setosum or
Echinometra mathaei are present in large nambers. the rasping action of their
teeth arodes the reef surface and the hases and branches of corals under which
they shelecsr, ocausing the oorals o ool lapse and dis,  In some cases the urchins
appear to erode the living coral tissue or attack it directly. Extensive damge
of this type, first reported from the Caribbean (Lawis, 1277 Hristensen, 1978),
has now been obgarved in the Red Sea off Egypt (Ormond, 1980) in Bahrain
{Barratt & Crmondd. 1985}, in Fowait [Downding, pers.corm) and in Kerya (Kendalld,
pers.crmm, § . : .

Whether such population explosiona of reef echinoderms are an entiraly
natural pherveenws or are at leagt in part attributable to man's ippact on the
environment is as yet uncertain (see Endean (1976} and Frankel (1977} for
opposing views), However there is now good evidence that in the Rad Sea at
least high populations of urchins or Crowm—of-Thoms are associated with reduced
rurbers of their principal predators, the large triggerfishes (e.g. Balistoides
viridemcens), the large pufferfishes (e.g. Arothron hispidus), and scee of the
anpercrs (Lethrinus spp.) [(TWCN, 1984a). It Seams very probaple that Fhroughout
the Western Indo—Pacific increased frequency and size of achinoid amd A planci
population cutbreaks may be largely attributable to the considerable
intensificatian of artizapal and recreational fishing which has greacly reduced
the mumbers of these key predators.

Mining of Eeef Rock

Mining of reef rock from active reefs for road bullding, oxwtroction apd
lime production has caused extansive damaga -0 reaefs, espscially in India,
Lakshacweey, Sri Larka, Indone=ia, and to a lesser extent in other cruntries of
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the reef in Palk Bay, and by 1973 mich of the reef had already been destroyed
(Pillai, 1%73); and extensive quarrying has occurred at many sites in the Gulf
of Mannar where at one site 30 boats were removing 30,000m” of reef per year
{Venkatararmanujam et 111-. 198]). Bgually in Indonesia there were reported tgo be
mors t‘han 80 LimekIlns in cparaticn in 1979 in East Java alone, Duming at least
800 o' per month [TNDE/FAC, 1979},

Cynamiting and nther deatructive fishimg methods

The use of dynamite to kill and aollect reef fish seems to De not uncomtrn

"in a series of countries from Egypt to Kenya and Tanzania to Sri Lanka and to

Indonesia. For example damage to vast areas of <oral on the Taka Bona atell in
Indonasia [(UNDP/FRD. L1982al, ko the Tarutal WNational Park in Thailand
(A_exandar, 1983 and to reefs in East Malaysia (Wood, 1977), is attrimuted in

- part to fish bplasting. Of coursae, this technique not only kills mmerous non-

commerclal fish and invertebrates which are the food of commerclal species, but
destroys the corals which provide food and shelter for the fish, thus reducing
or aliminating the possibility of subsequent carches.

Almost as destructive are Murcami fishing techniques, used in the East
Asian Seas region, which involve driving fish into nets by banging on and
smashing the coral. -CJorals may alsc be broken off to disgquise traps or act as
baix. And the increased extent of trawling within coral areas is also
degtructive of corals and reefs and is reported, for example, to have cauged
mnsiderable dammge in the Tarutac Mational Park {Sudara, [981)-

Other impacts

Various other impacts generally of more local significapoa have alsgo heen
reported affecting reefs in the region. These include extensive col lection of
aquarium £ish (5ri Lanka, Indonesial, trampling by reef fisharman and visitors
{Kenya, Sri Lanka, Philippines), collection of corals for the curic trade
{Philippines, Henya, Egypt], and damage caused by boats and their anchars
{Eqypt, 3ri Lanka, Malayaia). In general impacts on corals within the region
due tor either oil pollution or to waste discharge appear to have been less
frequent than might have been supposed, and have genarally affected only
relatively small areas of reef.

In resposse to the evident destruction of valusble reaf commmitjies there
hava been some moves by national govarnments to prevent deatructive practices
and to establish effective management both cutside and within marine parks and
reserves. However progress in this §irection has not yet been sufficiant to
halt of even 3low the general decline and degradation of reef habitata.
Dymamiting is illegal in alaoet every comtry of the region, yet fish bombers
ocontinue to operate without being apprehended, particularly in the Philippines.
Indonesia and Malaysia. In the last two countries removal of live ooral from

‘the sea is restricted whilst in the Philippines a recent decree (1980) makes it

illegal for anyone Lo possess stonhy corals for any purpose. Yet mining and
curio gollection continues. In India and Sri Lanka there appear to be aven
fewer mechanisma for reef protaction. Misunderstanding and tradition have
aliowad destructive practices to continue., The recent introduction of
epvironmental agencies in 3ri Lanke has yet to have an effect on the reef
envircoment [(Boffmann, 1963).

Protection and nmanagement iz proving difficult even within reef |

conservation areas, especially in remcter parts where itioerant fishermen and
Eishing vessels operate. Tor exapple, at the Tarutas Matiopal Park in Thailand
the reefs contime to be degraded by trawling and dynanlte fmhlng Euyuto-day

marmaAsfink ok Mouralnm id mawwss ad socd T el ——-
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numbér, inadagquataly equipped, and have had to face physical viclence on a
narier of occasions [(Rlerander, 19483). Simiiar problems have ocowred in the
Moluccas reserves where activities such as walking and poling over the reefs,
dragging traps over reefs, collecting molluses and spearfishing have continuved
(UNDE/FAG, 1982k}. Ewven in Kenya where the Marine Parks are a sajor tourist
attraction, illegal fishing and dameding of oorals aparently continues within
tha Marine Park areas.

Managemsnt plans for protected reef areas are, howaver, being developed in
soma coumtries., Plans have bwen produced for protected araas in Indeonegia. (ne
of the aims of the Wational Parks and Reserves Development Programme in the
Philippines is to formilate mapagement plans for pilot sites. In the Maldives,
menagemernt policies are currently teing formilated fol lowing a MESOD wvisit to
advise oo the matter (Henchington, 1983), And work towards the development of
raragement plans for reef reserves in the Red Sea is also in hand in both Sandi
frabia and Eqypt. Further, in some cases, management iz proving successful. At
Sumi lon Matriemal Figh Sanctuary in the Philippines, the protected araa serves as
a valuahle reservolr of €ish, and loml Tishermen's catches have increased since
the reserve was establisheld {Foss, 1984).

Resaarch and management activities in relation to coral reefs within the
Indian Ocean are being enovuraged and asaisted by intermational cooperation and
initiatives both at ragional and global levels. A 'Status Report on -Research
and Degradakbion of Coral- Reefs in the East Asian Seas was produced in 1980
{Gomez, 19B0) as part of a cooperative FAOJUNEP project which recommended
rasearch in four areas - the effects of sedimentation, thae effects of reef
blasting, the productivity of stressed reefs and detarmination of the
gsustainable yields of coral reefs. Following on from this two projects have
beer Suwded as part of the (REP regional seas progrumme:-

al A survey of tha atate of ocoral resources.

bl A study of the effects of pollutants ard destructive ‘Eactc:—rs
(% g mral commuiities and related fisheries.

The South Asian Seas programme is less advanced but recently the sympesim
o1 Endangered Marine Animals and Marine Parks hosted by the Marine Biolojical
Association of India included amung its recomendations chat each nation prowvice
protection to its coral reefs.

Within the Red Sea and Gulf of Adan, tha Ragional S&as organiszation
{PERSEA) has given support to marine conservation projects involwving habitat
surveys and proposals for the estahlishment of Marine Parks and Reserves,
prlnmpaily protecting coral reef arsas, in Egypt, Jordan, Saudl Arabia, Sudan,

ardd Morth Yemen.

At the wider international level, TUCN has drafted a Coral Reef Divectory
of the reqion  (Sheppard & Wells, 1985) based on information available in the
literatiare and suppliad Dy mmercus specialists; TMESCQO (1984b) has recompanded
that programmes on coral resfs should be extended and expandesd, and followed up
ita workshop on the assessment of reefs (UNESCOD, 1283) with a workshop on
monitoring of reef communities, hald in Indonesia in April 1985. And UNEP in
comsidering Marine and Coastal Conservation in the Eastern African region
{TUCH/UNEP, 1984} has emphasised the need for asseasment of the status and
distriioation of each type of habitat, including coral rceefs.




Tunas and Billfishes

In locking at the overall picture of Indian Ooean fisheries, it is
oohivenient to distinguish those resources that are of goean-wide significance
{tunas, billfishes and marine mammals}, and those which are individually
amfined to the waters of a particular country, ewven if there are considerahle
similarities in the situations in different countries. Tunas and billfishes
will be comsidered in this presant section and other fisheries together in the
next. Marine mammls will be considered separately.

Tunas are distributed thraughoat the Indian Oce2an. The highast
coneentration of the larger spocies of tuna (Yellowfin (Thunnus albacaves),
Bigeye (I, obesus), Albacore (T. alalunga), and Southern bluefin {T. macooyii)]
a3 well as of GiLllfishes and marlin sccur in the offshore areas, and e?x:e%??
a few of the smallsr more coastal species, are scarce in the shal lower areas and
in enclosed waters such as the Red Sea, the northern part of the FAP region and
the upper Bay of Bengal. All tuna speciss are very active, and some miqrate
over long distances. The spotharn bluefin in the southern Indian Ocean forms a
gingle stock, which moves wesctward into the Atlantic and eastward into the
salthern Pacific at least ag far as New Zealand The albacore may alsc form a
single Indian Qcean stock, but the other species may not move quite so far, and
may thus form more than one stock within the Indian Ocean. The Pacific also has
Jarge tuna stocks, and some of these are exploited by the Philippines and
Indonesia, and therefore come within the soope of this review. The movemsata of
these fish ran take them well to the sast, and a proper analysis of the dymamics
of theae resources and the problems of their management, would require
onsideration of the area east of the region under review, Sinde this is beyond
the acope of this report, the commants which follow concentrate on the Indian
Ocean, bat are generally relevant also to the tuma fisheries in the Philippines
and aasteyn Im:l::tmsj_a..

The tuna rescurces in the Indian Ocean, though not known accurately, and
probably significantly less than those in the Pacific, are clearly substantial-
With the exception of the southern bluefin and the larger individuals of the
other big species (Yellewfin, Albacore and Bigeve) which are exploited fairly
heavily by long-liners, recent catches have Daen mach smaller than their
sustainpable poteantial.

Tunas are among the most favoured species in world trade, and, as stated
arove, tuma vessels {long-liners and, more recently, purse-zeiners) are amw
the relatively few long-range veszgaels c:peratmg in rhe Indian Ocean from outside
the area. Most of the large tuna caught in the Indian Ocean are axported to
Japan, the United States of Burcpe, but most of the smaller species are conmumed
locm]lly. Dotentially, therefore, Indian Ooean states can benefit from the tuna
redources in a number of ways -~ export of lLocally caught fish, payments for
tiahing rights and use of harboar facilities YW mon-local fleets, employment
ashore ad afloat in beth local and long range fleets, and food for local
conoanprticn- Under the present intenaity and pattern of fls‘hmg the benefiks
axrantly obtained are leas than might be pessible.

Tuna fishing falls inte rthree main groupe, long-lining for the large fish,
industrial scale fishing using purse-geines or live pait {pole and line} for
surface achools of Skipjack {Katruwonus palamis) and Yellowfin, and local
fisheries using a variety of gears [gill-nets, trolling, etc), for smll spocies
of tupas as well as smaller sizea of the larger specias. In the Indian Ocean
indumrrial fizhing @y large vessels was, wtil recently, omnfined to long-liners
from eastern Asia (Japan, Republic of Eorea and Taiwan), whosae activitiea hoave
contirued without real cdhange (except In the balance between countries) for some




available to them which inclodes bill-fishes and marlin in addition to the
larger tuna {(FAO. 1979). OUntil 1983 coly a few trials had een mde with purse—
seining, but rren experimental voyages Iy a couple of French vessels proved
highly successful. Effort increased in 1984 and it seems that in 19853 all the
large French buna-seinaers normally operating in the Atlantic will be in the
Indian Oroean, as wal] as a nanber of Spanigh vessels, Total catches of

Yellewtin and Skipjack are inereasing sharply, Wat the effect on the stocks are
UrkTiCw .

local tuma fisheries are patchy. The Maldives and Sri Lanka have important
fisheries. India has significant satches on the south west coast and zround the
Larcadives, and Trkdonesia has Eisheries based in western Sumatra and Bali {as
wall as in sastern Indonesial, but elsewnere catches are small.

Bowever, a muber of countries including India, following the changes in
the Law of the Sea and the increased jnterest in fishery potential, are thinking
about greatly increasing their direct participation in the tuna fisheries.

Billfishes, and to a lesgser extant, some of the tunas, are prized
sportsfish. Blg ceme fishing is less well-leveloped as a tourist attraction in
the Indian Ccoean than elsewhere, Tt some Eishing is done from Kemya. It does
not have a significant impact on the stocks, but the desire to maintain or
develop a tourist industry based on qamae fishing and thus to maintain a good
stock of large fish, can be a significant factor in forming national policies
towards the managemsnt of these species,

Becaige the distandes over which post apecies move exeeed the dimensicns of
mst zones of paticnal djurisdiction, effective management of these resources
requires intermaticnal agreement on the general cbjectives of mapagewent and an
the specific measures to be taken. S5So far the necesgsary agreemant does oot
axist. Uolike the situyation ip the Atlantic and the eastern Pacifio, in the
Indian Ocean there exists no independent commission charged with the
cmservatiog and mnagement of tuna which can review msanagement policy, as well
as assemble and examine the scientjfic rescurce data on which management
decisions nead to be basad Poksible Management of the larger spacies of tuna,
heavily sxploited by the long-line £ lecets, was discussed at the first session of
the tuna management committee of FAC'a Indian Ocean Fishery Commiasion in
Dotober 1970, but o omsensus emerged and poasible teasurss & not seen o have
been gseriously discussed since 1970. Countries cperating the long-range fleets
were not anxious to acpept reairictions on their existing operations, while most
ooastal states were squally reluctant to omsider measures that might restrict
thair opportunities for possibly increasing the participation in the fishery in
the future

Due to the lack of a ganerally agreed ocean—wide policy, there is little
cpportunity for putting any management ipto practice. Some countries, notably
the Seychelles, with wide Baclusive Economic Zomes (EEZadand good tuna
rescurced, have sat ocontrols on foreign fishing in their EEZs. These controls,
which moatly set out arrangements for paymant of licenca fesa, are more
concerned with realiaing some banefits from the foreign fishery than with
conservation of the rasource.

Up to the presant thera has been little concern {with the important
sxception of asouthern bluefin) for the status of kthe resource and for its
conaervation, and the lack of rapid change in either the amount of fishing or
the abundance of the fish made this lack of concern fairly reasonable, even
thaxh the largar Yallewfin, and possibly other large apecies have been heavily
fishad for a couple of decades,
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The very rapid sxpansion of purse-seining by France and Spain in the last
couple of years, and the posgibilibky, especially if the world tuna market
ravers, of increased fishing by both ooastal and landlocked countries, raises
the need to pay more attention to the igsues of conservation and managemsant.
Purse—seining takes a wider range of sizes of fish than long-liners, which take
very few if any small juwenile fish, so that the former «oald therefors be
expected to offer a more serious threat ta rhe rasource. Therz ia so far no
avidenoe that the amount of fishing has reached an undesirable lewvel, and the
most immediate concern is Y0 have up—to-date scientific information on the

a status of the resource. The nos: recent review was thab carried cut at a
workshop heald in Shimizu, Japan, in June 1979 {Ancn, 1930}, though FAD ie
-plam'ig to hold a similar workshop in December 1985,

The success of these smentlfu: Etl.ld‘.f.ES depends Erltll::all.;' on the qualicy |
of sratistical data that is availlable. EBEfforts have been mades in the last
coeple of years by the FAS/UMDP project in Colombo, to improve the supply of
dara, but what iz available still leaves mich o e desired. This makes it more
diffirult for roastal countries to plan the srderly development of theix
o national fisheries, as well as for assessing the possible neec for comservation
and management.

While FAD ie currently arranging for data oollection and for analysis, a
matter of serisus ooncern mest ba Fhe ability of FAO to maintain the essential
§ long-term cormitmert to these activities. The data centre in Colombo is funded
: by UNDP, which as a matter of principle continues to fund projects for only a
limited number of years. Attention needs to be paid to possible alternative
arrangements, which might well include the mstablishment of an indapendant
international commission responsible for the research on, and managenent of,
timna in the Indian Ocear. A special ooncern (ot discussed in this raport which
cemeentrates oo the Indian Ocean) is the very small size ramge of Yellowfin and
gkipjack taken in the Philippines. In terms of numbers of fish, this is
protably much the largest tuna fishary in the world, and may have a sarious
effect on fisheriaa of larger tuna. '

The recommerkdation of immediate ooyosrn is that suprort should be given to
the co—going collection of statistical data and to carry out the scientific work
needed to assess the resource- This will require a osomitmen. by comntries of
‘tha ragion to the oollaction of nationml staristics to sibmit bt tha regional
data centra, as well as snoouragenent of oy assoclated scientific research. It
will also require a commitment v FAO and JNF Lo oogplle regicnal statistics
aradl to coordinate, on an ocean—wide basis, . an asaessment of the resources. It
15 further - recomsended that there should be a Teview, perhaps at a workahop or
gimilar meeting of national exparts, of the possible long-term arrangements . for
gelantific study and managemsnt of tuna (including cempilation of regional
gtatistical. A project for such a workshop is given balow

.'Gthl_er pel’a_qic and'_'de'mersal fish: shrimps and other crustaceans

Tha problen of these groups are similar, and in some cases, the fisheries
are not distinct - in many parts of the area shrinp mke up an important part of
the catches in the demersal fisheries, and it i= the presence of the high-priced
ghrimp that makes demersal fishing worthwhile. For this reason it is more
ooovenient to lock .at fmhe_rles (except tima) az a whole.

In general, the Tudian Ocean proper is oot rich in ccmrmal fish. It
lacks the major upwelling arsas, or the wide contipental shelwves which produce
the rich fishery grounds elsesbiere (Gulland, 1983). Within this general picture
the ooasts of East Africa (south of Somliia) and the Rad Sza, are partioularly
poor in commercial fish resources (although there is a fairly rich fishery oo



the wast coast of Madagascar} while with the monsodns thers is s@ascnal
upwe:Lling along an arc from Somalia, past the oocasts of Arabia fo Pakistan and
the west coast of India, which produces relatively high guantities of fish,
partioularly the small shoaling pelagic fish (sardines, anchovies, etc} typical
of upwelling areas elsewhere. To the east there are wide shelves, particularly
in the Java Sea and~the Gulf of Thailand, which support good stocks of Jdemsrsal
fish.

Famnistical ly the whole area belores to the ndo-Pacific region, so that in
a glven type of habitat the same species cconr throughout the area,  The namber
of species is very high, particularly on coral reefs where they ara significant
as bourist attractions or aquarium £ish as well as direct sources of foxl In
the domersal fisheries up to 2 hundred species contribute significantly to the
cakch; -

Because of the scarcity of large concentrations of a faw species of fish
this regicn has seat few of the rapid muild-ups of industrial scale fishing, and
hence faw sudden and obvious col lapses of over-fished stocks. Thils does not
mean, though, that all the fish stocks are in a healthy state. In fact, the
high populations in south and south—-sast Asia cavse very heavy pressure at least
on the ccastal resources by sheer numbers of fishermen, even when the technology
usad is very simpla, Further off-shore, the growth of trawling, especially
aronnd Thailand, has caused a very great decline in the total density, and a
change in species composition (Pauly, 197%). The species that have declined by
the greatest extent, mostly the larger and longer-lived species {eq. SApPeTs
{Lutjanicaa), and sharks amxd rays), are now at extremely low densities in these
heavily trawled areas.

gther stocks that appear to be seyerely affected by fishing include a
mmicer of valuable penaeid shriop stocks - in the EAF region, off the west coast
of Irndia, and in western Australia. Pelagic species do not apppear to have bean
affected mich, but these stocks have shom themselves elsavhere ko be unstable,
apd £he Indian oil sardine does =zeem to go through periods of 1ow abundance,
meat recently abour half a century ago.

Over mach of south and scuth—-east Asia, as wall as in the Indian Ocean
islapds, fish is extremely important, and is the major source of protein for
ooy oommunities. In the western Indian Coean fish is genserally less lmportant,
and for Kerwa and Tanzania freshmater fish is more important than serine tist.

The larger penaeid shrimp are highly prized, and frozen shrimp are a major
item ip the export trade of India and several cthar countries (Gulland &
Rothgchild, 1984). Some othar species (&g, squids,) are also exported for food
fustally frowen), and a few comtries Ee.g Sri Lamka) export particularly 1arge
mmers of live reef fish for the aquarium trade,

In all parts of the area fiching, and the ancillary trades assaciated with
fishing, are important, and in some places tha nnl*_.' s1gn1f1cant. sourcas of
ayployment in coastal commmnities.

Fishing has always been important throughout the region, and a great
variety of traditional gears have been developed. Despite the introducticn of
modern types of gear and the importance of these geara in some arsas, e.d.
trawling in Thailand, and for shrimp in India, traditional gears still acoount
for a high proportion of the total catch in most parts of the ares

Altogether acoording to PAD statistics, about four million tons of fish are
takan from the Indian Ocean, and about six million tons in the westrern central
Pacific, mostly by the countries discussed here {Philippines, Indonesia,



Malaysia and Thailand). In terms of sconomic value the most important single
group of spaciss are the shrimp {aporoaching half a million tonsl.  In terms of
weight some of the groups of small pelagic fish (sardives, scads and mackarels),
are rather more important, though despite improvements ih natiocnal statistical
aystems, a great deal of the catch is not identified to species or even species
roups -

Few fish are caught or killed other than in directed fishing operations,
Dut many species are caught incidentally in fisheries directed primarily at
other species. Large quantities of demersal £igh are caught by trawlers which
are mainly interested in shrimp, though in this region {unlike the Gulf of
Mexicy and some other regions), most of this by—oatch iz brough ashore, - fresh,
iced, or dried - and sold. This incidental catch can raise conservation
profolems when the by-catch speciea is particularly vulnerable to over-
erploitation. Short of a drastic reduction in the total amount of trawling
(which is probably unacceptable)}, it may, for example, be very difficult te
réhit 1d some of the most saverely deplated species in the Gulf of Thailand

The dominant oonsideration in government fishery policiesa has bean that of
increasing catches; where conflicts between different groups of fisherman hawve
been serioas, resolution of these oonflicts have alse been given attention  In
omtrast, the mweed to manage and owwerve the resource, though not in principle
canikted, has seldom received moch attention in practice.  Most ocountries have
leginlativeprovision for introducing the normal range of managesent measaros
(closed areas or s=asons, size limits, and Some control of the amount of
fishirg), bhut few have admipistrative arrangements for a regular review of the
state of the resources, the trends in the fisheries, and consideration of the
effectiveness of amy ANTENt mnagement measures, and the pead for new Of varisd
meAsUTas.

The moat widespread measures currently in force are those aimed at reducing
cmflict=. Most comtries in soorth and south-east Asia pronibit trawling, and
sometimes other forms of mechanized fishing, within a fixed distance of the
coasgts in order to reduce competitiom with artisanal fisharmen, though
enforcement is not alweys fully effective

‘Resorroe managerent measures are less owmone A closed season has been
applied in the shrimp fisheries of the FAP region. Several oountries prehibit
{not always successfully) the use of explogives, and other destructive gears.
Requlations setting the minimim mesh size of trawls or other nets, or the
minimm size of fish that cap ba landed, are in existence in several ocamtries,
hut are not ful ly enforced.

A basic concern throughout the region is with the high level of
axploitation on maumy of the stocks, especially in the shallow coastal zones, and
with the social cmflicts arising from competiticm for this Iimited rescurce. an
associated copcarn Ls the inadequacy of the basic infrastructure required to
mAnNage thesea resources, l.e. the arrangeaments for compilation of catch and
effort statistics, scientific assessment of the gtocks, and administrative
review of these assessment and current management practices. Most comtries do
dollect some statisties and do some research, but in few is the work oo-
ordinated to give adequate suport to the formilation and implementation of a
sound management policy. In some cases the sclentific werk is relatively
straightforward, hut there iz a lack of full understanding of the dynamics of
the demersal stocks, and of the changes in species composition that have
occurred. Better knowledge is also needed about the response of coral reaf
oommunities to exploitation, and how to manage them for a hich sustained yield,
Destration of marngroves, and the loss through land-reclamation etc of fagoons
and gther mursery areas for shrimp and fish, s of aigh oooesrn [n ey areas,
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There ia not gufficiant information to make specific recommendations for
measures Lo manage andd oonserve the fish resources. It 13 however strongly
recommended fhat all fishery development plans included an adequate review of
the information on the resource, and that the plans are not funded and
implenented wiless this review shows that the resourge can sustain the plammed
development, L.e. the burdan of proof should ke with the development planner o
show that tha rasourse kase is adequate, rathar than the prasent practice of
assuming that all will be wall unless there 15 clear evidence of rasource
limitations. -

[t is also strongly vecommetded that oountries strengthen the scientific
ard administrative structuras so as to ensure ool lection of adequate cateh and
effort statistics, assessments and reqular monitoring of the reaspurces, and
regular administrative review of these sclentific results. This is essentially
a matter for each country individaally, Dut this work will be helped by regional
collaboration, and by assistance from the internaticnal commmnisy, particularly
in training in general stock assessment technidgues, and in certain specific
studiesa, including assessing coral reef resources, and in examining the
implications of soecies changes in the demersal communities. Froposals for this
imtermational supeort are made amg the sugoested projects.

Marine Marma) s

The Indian Ocean, ard waters of soath—east Asia have a rarine mammal fauns
similar ko that of other tropical and sub-tropical areas, Antarctic stocks of
baleen whales move north into the Indian Ocean in Bhe Antarctic winter, but
thera my e small indepandant stocks in the nerdhern Indian Ocean. There are a
large variety of amall cetaceans, some of which are not well known. The
distritation of Dugong extends over most of the region, but apprecisble mmibars
are pow found only in eastern indonesia, Pagua, New Guinesa and nerthern
Augtralia.

The baleen whales, except Minke whales, have been severely depleted bw
hunting in the Antarctic, Sperm whales, especially the larger males, have also
been reduced, though possibly not to quite the extent of baleen whales, Dugongs
are now extremely scarce over miuch of their range. The Indus river dolphin is
oW wary scarce, possibly through dam oonstruction and other charces in river
systems, though the Ganges river dolphin still seams commor. There ig liktle
informtion about the status of small cetacsans thoush it is possible that the
large incidental catches arcoand Sri Lanka <ould have affected some species.

The larga baleen whales and sperm whales did support large industries;
American and British whalers operated in the region (Wright & Martin, 1983).
Alan, for decades a major land-based whaling station operated from Durban, which
took Blue, Fin, Humpback and Sperm whales on thelr migrations betweesn the
Antarctic and the Indian Ocean. However, the Internaticnal Whaling Commission
hae declarsed the Indian Ocean a sanctuary. Therefore there is rew no hunticey of
baleen whalas and, although it is nok clear what apecies of small cetacsans are
covered by’ the declaration {or by cther decisions of the IWC), there is in fact
no directed hunting of any cetacean in the central .Indian Ocean at present.
However, in the three seasons pricr to the establishment of the Whnale Sanctuary,
225 Bryde's whales were taken from the Philippines area by Japanesa whalers (see
Ohsumi, 1980). Except for Dugong in eastern Indonesia no small spaciaes of
marina mammal is taken in gignificant quantities for food Possibilities exist
for whale watching to ecome a significant part of the tourist industry in Sri
Larka amd elsevhers, but these have not been realised yet.
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Dogorwye are very vulnerable to being caught  incidentally in a variety of
rets along the coast, and although there is little information on the actpal
mmbers killed, ¢x on the proporticn these numbers are of the existing stock, it
is believed that incidental catches have had, and are having, a sericus effect
an tha atookd,

Inrdidental catches of aml] cetaceans coour on a significant scale in the
qill-nat and other fisheries arcund Sri Laska and scuthern India. Several
thousand animals of a mmber of spacies are belisved to be killed arvwially, but
the effect on the stocks is urknown '

The twe major priorities concern firstly the low abundance of Dugongs
throughout mast of the area, and secondly the ponalble impact of incidental
catches on some populations of amall cwtaceans. [n hoth cases the lack of good
informtion about the present distribotion and abendance of Dogongs, and about
the magnitude of the incidental catchws of spall cetaceans [in actual mumbers,
and in relation to the size of the populations of the species aomcernad) is an
cbstacle to effective action. It would alsc be dasirable to set up a programms
to assess and nonitor the stocks of whalea and other animals within the [W0's
Whale Sanctuary.

For these reasona, it is recosmended that action should be taken to
determine the present abundance and distribation of Dugongs, especially in the
western Indian Cocean where the numbers arve particularly low. More precise
ansessment of the mumbers and spacias of small cetaceans taken in gill-het and
other fisheries should be strongly s=ooouraged and comtries are also urged to
take action to minimise the nusbers of both Dogongs and Cetaceans caught
incidentally during fishing operations. Support shoald be given to a programme
of repearch to assess and mmitor sbocdks of sorine mwmmals in the Indian Ocean

Sarevhry.

Tartles

There are seven species of marine turtlae of which five are Eound in the
I0R: the Green (Chelonia madas), the Hawksbill (Eratmochelys imbricatal, the
Loggerhead {Caretta carettal, the Leatherback [Dermochalvs oarlacea), andd the
Olive Ridley [Lepidochelys olivacea). As is wall known, sea turtles are
tirealawd wor lawide, and four of the above species, the Green, Hawkabill, Olive
Ridley and Lasatherback, are listed in the XN Red Data Bock as endangered. The
fifth, the loggerham], is coongidered o he volnerable

The distribution of significant treeling gromds for the flve species is
indicated in Table . Green and Hawksbill are the mat widespread species and
ars the only onea breeding in tha Bed Sea, in the FAP region {apart from seme
Laatherbacks nexting in Lakshadwesp), and on the island groups of the Western
and Central Indian Ocean. The Loggerhead has, 1ln fact, the most restricted
dMatritution of pesting grounds, preferring to next in rockaries on laroe sandy
beaches. The world's largest Loggerhead rockery is on Masirah Island in Owan;
othaer rookeries oocur in Somalia, Mozambique and Sri Lanka, ard a few
Logogerheade megt in Tanzania, Malaysia and Imdomesia,

As is increasingly appreciated, the region's turtle population recressnts a
valuable resource. For example, the value of turtle products exported from
Indonasia in 1920 wag 85924, 539 and in 1981 US5407,542 (Salm & Halim, 1984).
Given adequate management and regulation many of the populations cozld ba used



- 38 -

Almost everywhere in the region, however, all species of turtle appear to be in
marked decline.

In mamy areas egys are cnllected from breeding groumds, often in very high
numbers. Over 90% of eggs are thought to be taken at some sites in India and
Malayaia and, for example, egg production at Trengguna on the east coast of
Malaysia was estimated to be arcund ¢wo million in the 1950'3 but has since
fallen to under a million. At many sites the situation is exacerbated by
genaral hueman disturbance and by an increased number of dogs alao digging up
ests. '

_ In other areas the aduits are hunted, by net or by harpoon, for their meat
or thair fat, and in particalar, in the case of the Hawksbill, for their shell
(tortoiseshall). In the Philippinas and parts of Indonesia the Green turtle has
bean hunted almost to axtinction {de Celis, 1981: Soegiarto & Polunin, 1982).
In Bengal an illegal fishery far Olive Ridleys was recorded landing over 20,000
turtles in just 4 nonths (Biswas, 1979). Between 1274 and 1278 an estimated
annual average of 22,000kg. of tortoisestell was exported from the Philipeines,
and an estimated 150 tornes a2 year i being expirted from Indmesia. Export of
shell from these and othier countries of tha region continges in apparent
contravention of CITES. Large scale slaughter of turtles by foraign fishing
vegasals, many from cutside the region, is described as taking place just outside
East Malaysian waters (de 5ilwva, - 15940).

In addition, nesting beaches ara increasingly disturbed by residential
developmments and by visitors, and aduits are often taken incidantally in the
nets of trawlers and rarely released.

Turtles hawve baen afforded some protection in the East Agian Seas region,
notably in Indonesia where Loggerhead, Leatherback and Olive Ridley are, in
theory, completely protectad by Ministerial Decree; it iz intended to formulate
plans to achieve a sustaimable harvest of Greens and Hawksbills (Sowelo et al.,
1981} but for the present over—exploitation of these two spacies appears to be
continiing. Turtle nesting beaches are included within 21 protected areas
(Salm, 1984). In Malaysia somne statas have prohibited the hunting of the
turtles and Green, Leathery amnd Olive Ridley turtles are actively conserved by
hatchery programmes run Ly the Fisharies Department (Tow & Moll, 1981). -

In the South Asian Seas region all turtles are theoratical 1y mrotacted -in
Pakistan, India and S5ri Lanka. Howaver, law enforcement is difficult and in
toth India and Pakistan there is oontinued consumption, while in Sri Lanka laws
regarding bturtle capture were actual ly suspendad, citing the large rumber of
paople thooght to rely on taking them

In the Fastern African region, harvesting of egge and adults has contimeed
largely wnocntrol led, with the exoeption of tha Green turtle in Reunion and both

Sreen and Hawksbill curtle in the Seychelles, although eveh here control outside
the main izlands is apparently poor.

By contrast, in both the Red Sea and Gulf of Aden, and in the KAP region,
although there has hean little formal protection of tartles, exploitation has
generally, untll tow, been fairly limitad, and involved only irrecular taking of
adults or eggs by emall nunmbers of fishermen. This may reflect in part Muslim
oronibiticn on the consumpticn of kur-le meat, and in part the dispersed
distriution of breeding sites. Cman has been aspecially active in developirg
turt Le conservasion ardl research.
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mere regional conventions, such as the African Conwventicn on the Consarvation of
Hature and Hature Respurces. But these conventions seem as yet to be only
partially effactive. It is clear that much greater effort is required to

. implement protect ive measures and that further international cooperation is
needed in view both of the patterns of migrationa which take turtles across
national and reqicnal boundarias, and of the internatiomal nature of the trade
in turtle products, especially tortoiseshel 1.

Seabirds

Iit all 42 species Gf seabird appear to bresd in the IOR. Their hreeding
ocourrence within each Regional Seas area is summarised in Table 4. Only a
portion of these species breed in any one region  Becent reviews have described
1& species breeding in the Arabian region (Gallagher et al., 1984}, 17 in
Eastern Africa (Cooper et al., 1984), 23 ammng the central  Indian Ocean islands
(Feara, 1924) and 14 from Indonesia {de Korte, 1984).

Fourteen geabird speciss appear to be apdemic to the region or parts of it.
of these, six are endenic just to the northwestern Indian Qcean — Jouanin's
Petfel {Bulweria fallax), Scootra cormorant {PhalasroooraX nigrogularis), White
ayed gqull {larus leuccphthalmis), Sooty gull L. Bemrichii], White—cheeked  temn
{Sterna repressa) and Saunder's term (5. saumndersi), as is alsc the Crab ploaver
(Cromas ardeclal, 2 shore bird breeding exclusively on offshore islands.

~ Among the islands of the central Indian Ocean three gadfly petrels exist
only in isplated populations in the Mascarenes. ©Of these, Barau's petrel
(Pterodroma barali) and the Mascarene petrel (P, aterrima} are andemic to the
arsa. The latter is probably the rarest seabird in the IUR, its existence this
century being known only from two specimens collected in 1970 and 1974 Alsc
Abbatt's booby {Sula abbotti), and the Christmas Island frigatebird (Fregata
andrewsi] oocur only on Christmas Island.

Of the remaining four speciesn, twe are local species of cormorant, Indian
cormorant {P- fuscicollis) and Javanese cormerant (Halietor niger}, and.the
other two are species of tern confined to the IOR, the Leaser crested tern
{Sterna bengalensis) and the lesser noddy {Anous temlirostris).

Seabirds breeding in the region have Decome increasingly impacted by man's
activities, largely Yy general disturbance and habitat change linked to the
spraad of villages, holiday homes, and navigational and military installations
to offshore islands, by accidental infroduction of praedators {e.g. cats and
rats), and alsc by 2gg collection and the baking of chicks. In the past eggs
have been collected in small quantities by fisherman and coastal villagers,
generally in a sustainakble manner; but in recent years, as a result of humap
popilation expansion and the increase in range of motorised fishing craft, the
taking of eggs and chicks has heen qreatly intengified. Such effects appear to
have been greatest in East Asia, Eastern Africa and the Kuwait Brtion Plan
region {s== de Korte, 1984; Feare, 1924; Gallagher 2t al., 1984, Cooper et al.,
l19g4). ' -

By contrast, although in other regions seabirds have been seriously
affected by oil pallution and by acoumilation of pesticides, neither of these
yet appears to De a significant pretiem in the I0R

Terns and gqulls are getwral ly more able thatt other seabirds to sustain
sericus impacts, and none is yet threatened with regional extinction. The
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highly pralatanle and adults, young.and eqgs are all taken: they are espacially
vialnarable to human disturbance because gulls take their agys when they leave
the nect; they are excluded either by the destruction of trees uged for nesting,
or oy the plancing of previously treeless islamds with ocomuts, and they do not
readl Ly move from their traditional neating islands. In both Indonesia {de
Korte, 1283).-and among the islands of the rentral/western Indian Ocean {Paara,
1983}, many islands known to support breeding colonies in the sarlier part of
this century now either lack amy breeding birds, or support only groatly reduced
mimbers., On Christmas Island, the one surviving colony of Christmas Island
frigatebirds (Fregata andrewsi) has bean depleted in significant numbers
(Nelsocn, 1972).

Seabird colonies have been establighed as reserves at various locations.
Two major seabird nesting islands in Indoneszia are protected as well as six
other sites (Salm & Halim, 1984). Thraa island reserves are in existence in
Malaysia and a bird sanctuary has recently been incorporated ip the Apo Reaf
Island Marine Park in the Philippines. Several isalands are protected in the
Seychelles, and a Hakional Park has recently been estabhlished on Christmaz
Island. However, protective legislation is difficult to enforce o remote
lslands, and puihers of major breeding sitea lack even formal protection, e.q.
Kiunga-tenewe Islands and Latham Island {Tanzania), Mait Island (Somalial,
various islands in the Red Sea (Sudan, Saudi Arabia), and Cosmoleds Atoll
{Aldabrag—Seychalles).

Apart from seabirds, some other bird species breed on or are confined to
gmll islands in the TOR, c.g. the Scoty falon {Faloo comemlor) in the Red Sea
and FAP region, the Crab plover (Dromas ardecla) 1n the north-west Indian Ocean
Various of the larger islands of the Indlan Ocean, such as the Seychelles and
Mauritiusa, alse have a good nunber of endenie species of land bird. Most of
these hirds are andangerad or threatened, while other endemic species are
already extinct: these however are beyond tha scope of this repore.

Also, on many mainland coasts, mad flats and other wetland habitats provide
important feeding grounds for resident or migrant shore birds. For examplas,
large numbers of palasa~ctic wagers migrate from Siberia and Russia via the AP
regicm and/or Southern Red Sea to Eastern Africa, Probably significant staging
gites oocur in Huwait and the Asir-
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ORIUSINS AND HEOCMMENTAT TONS

The foregoing acoout presents a fairly glocey catalogue of the destruction
of habitats auch as mangroves and coral reefs, and the decline of specias
through overexploitation and habitat loss. It is not intended to imply that
there are not still moderate areas of relatively wmimpacted habitat or, in many
areas, reascnable populations of important species, but these areas and
populations afs beooming fewer and fower, and in general it iz clear that in the
last fifteen to twenty years there has been a major decline in  the sxtent and
condition of varions marine habitats and in the populatioms of rumerous species
of marine animal and plant. We have reachdd and paszed the point where this
dacline should be of coneern oaly to conservationists. All of thass habitacs
ary? many of these species represent tengwable resources of almost incalculable
value, resources that should and ould contimee to provide human popnalations in
the IOR with fond and cther materials for long into the future, Wt which at the
present rate of destruction are unlikely to do so for far into the 2Zlst cantury.

Stimilated bty the reports of habitat leoss and species decline referred to
them, the authors of this report have been interested in a preliminary estimate
of the effect of this damage on the food producimg potential of the Indian Ceean
region as a2 whole. Such estimates are ghvicusly open to considerable error, but
some indication of the likely effect may be derived from considering the
astimates of primaty prodoction in the Imdiap Orcean Propogsed by Moiseev (1969}
{see Table 5). After crude adjustment to alleow for tha fact that essentially
only the tropical and subtropical Indian Ocean is included within the region
considered by this report, his figures suggest that up to 46% of primarcy
production may be due to shallow water neritic habitats ocoupying only about 1%
of the orean's surface. Thus, if the loss in the primary production by these
habitats due to thalr destruction or degradation was 20%, perhaps the largest
figure suggestsd by the reports described here, this implies a loss of
approaching 10% in the total primexry prodfucticon of the IR

The corresponding affect of this loss on secondary and tertiary production,
and hance om the potenktial catch of fish, is even more Aiffioult to estimatae.
It depends in particular on the effective numbar of trophic levels and the
transfer afficiency betwean them. Both of these factors differ significantly
tetween different envircnments (sea Ryther, 19693; Cushing, 1973), and the values
for these systens remain very uncertair. However, the results of some
maloulakions suggest, as also concloded hy Cushing (1273), that the bulk of the
tertiary productivity within the IOR is due to primary production in coastal
vabters and upwellings and in shallow weter and coastal benthic habitatg. The
latter might well acoount for a third of tertiary production, so that a 20% loss
in primry production in these habyitats might result in an overall redoction of
Aaboat 7T in the available figh cmtch of the IOR

At the same time there appear, from local reports, to be indications of
increasing overfishing in some parts of the IOR, in particular in the East Asian
Saaz regicn, in twe northern EAP regicn, and lo nearshore areas close to cenkres
aof population in the Eastern African and Southern Asian regions. A summaay of
the data for fish catches by different comntries in the IOR in recant years [sae
Tables 5 & 7) shows that on the whole, for most areas, the catch has remained
sarprisingly oonsistent. However, the suspicion is that this has only ocourred
as a result of a very amsiderable increase in fishing effort, particularly when
measiired in terme of investmont of othar resogrces {(fuel, mterials). As mre
accegsible stocks become overfished, other stoacks beoome more heavily syploited
The prim:-lpal regitn where there remain large, relar_wely qu:rlmtad stucks of
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wirdest demersal and inshore scocks are underexplelted, largely through
infrastructural problems (Ardill, 1983).

The present evidence is consistent with the following owverall picture of
the effect of man's adctivities on the sxpleoitable fish stocks of the IOR
Aotual filsh catoh has remained more or less constant in recent years because
whareas some fifteen years ago man was takirg perhaps only a0-73% of the. total

Coptimm sustalnable yield of the I0R, now it seems Llkely that he may be taking

on average B0 or 20% of optimum sustainable yield of a preduction which, as a
result of habitat damage and oyerfishing, is now 10 to 20% smaller. If the
pregent Lrend oontinues it seems likely that even if for some years, as a result
of increased sxploitaticn of less ewploitead stocks, fish catch in the IOR as a
whole can be sustained, soconer or later habitat damage and sverfishing will
redice the food produociog Ex:rtentla]_ of the region below the presant level of
catch.,

[rrespactive of the details of thesa conclugicns, “he qreatest conceyns for
the environment 2£ the Indian Ocean regmn may e summarised under several
headings. They are:-

1. Habitat Lass, Specifically the loss of critical marine primary
prodoctics in the I0R In particilars-

1} appruximai_;é'ly S0% of Hﬂngr:-v,e' forest has heern logt in the
last 15-20 years, largely oy <learing and falling for fuel
and timber:

1i] pernaps 20% of -coral reefs have been damaged or
noticeably affected by impact, !I'Dﬂlnl}" = sEdlmntatim and
!III!J.II:I'.]"!I!.E!'.l

iii} perhapﬁ 10-20% or more of productive mid flat halditats
have beem lost, largely threuch infilling and reclamation or
pallution;

iw] perhaps 5% or more of sangrass beds have been destroyed,
either frem dredging or infilling.

7 “vrarfishing. The enormouds intensification of fisheries in some
areas has almost certainly resulted in a reduction in stocks of -
figh, shrimp, and other crustacea and shellfish to helow the stock
gize recuirad to support maximm sustainable yield Overflshlmg iz or
i=s becoming especially prevalent with regards to:—

i) coral reef and nearshore fisheries for qrouper, Snapper,
ate., parkicularly in the Bast Asian Seas region:
overfishing also resales in indirect damage to the reef;

1i} inshecre trawling fisheries, for finfish and shrim,
particularly in the Gulf of Thailand and the northern KAR
reqion;

1ii) in addition it seems that, in view of the lack of any
contrals of management, overfishing of offshore pelagic
fisheries for tuna, etei,. is likely to ocour within the next
few years.




3- Endangered Species. Several groups of larger vertebrate; which are
not only of special conservational interest, Tt are also of potential

resourca value, are threatened, especsially Ty overexploiration bt
alsgo by hahitat loss:

i} Murtles, of five specias;
ii) Dugong anvdl other marines mammals;

1ii) Seabirds, especially the Pelircaniformes (boobies and
frigate birds).

Other omoerTs seen, to the avthors of the report and within the eomtext Df
the IOR, to be relatively miner. The dgreat diversity of invertsbrates will and
can only be adequately protected if the habitats within which they cocur are
protected, either within merine reserves or parks, or within rag1ms zonad for
cx:ntrc-l lad exploitation.

The maragement and conservation of species also requires the mintenance of
adequate water quality. The ocourrence and extent of marine polluticn within
the IOR is gertainly increasing, and in some local arsas, especially near large
cities, has damaged or destroyed marine habitats and resources. However, it
shauld be emphasised that, as also omcluded in previous reports {INEE, 1982:
GESAMP, 1932), neither nil-pollution nor non—oil pallution has 30 far been a
major factor in causing widespresad decline and loss of marine habitats and
species stocks in the IOHR. The causes of this are simpler - they are the
direct or indiract physical destruction of the habitat, and the oversvploitation
of the species.

Thisa conclusion, in OO view, would argque agminst too mch concentration on
major projects desiqned to assess the distribution and effects of particular
pollutants. Such projects, in view of the costs of many of the laboratory
analysaes involwed, can ba partioularly expensive, and are more so 1f lendgpthy
oceanographic crulses are also involved. This is not to say that action should
not be taker. Baseline data sets from around the regicon are essential if later
impacts are to be demmstrated, and, in particular, enviromental standards and
requlations mist be established {where not already established) and enforced
throughoOt the IOR Hewaver, we would urge that priotrity should be given ko
develr::pimg and introducipg oechanismg, at the national and intermational level,
which will slow or halt the mrrent rush of habitat destruction, species decline
and resource loss.

Much of the action reguired, and mamy of the projects that are desirable,
are relatively =agily determined, and they have, for the most part, alrsady been
proposed: sometimes at the global level by international conferences or
workshops, often supported by the interpaticonal agencles: sometimes at the
regiomal level within individual Regicnal Seas programmes; and sometimes ar the
natisnal lavel by the environmental protection departments of particular
countries. It is undesirable to duplicase or confuse the more specific
recommerslations or proposals of these organisations, which have conaidered in
moye detail problems relating to particular countries, regqions or habitats. In
the present context, therafore, a brief set of general recommendations is
suggested and, in the light of these and of the cn—going marine anvironmental
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arvl conservakion activities of the region, a series of proposals are developed
for projects which may may serve aither:

i} to assziat the speed with which nations and regions cap act to
strengthen or introduce effective marnagement of the marines
anvironment, or

ii} to increase, throogh intermational cooperation, the sffectiveness
with which ressarch and development can pe undertaken, relatad ko
critical and orgent envirdrmental problems osen B0 all or mach of
tha I1OR.

General Recoumendations

1. Habitat Loss. In view of the extent and speed of the loss of

highly productive c¢ritical habitats, which provide the productivity
: tase for indispensable fisheries and renewable resources, the nations
: of the IOR should co-cperate and act ko survey, protect, manage and
conserve, through the control of exploitation and the further
egtablishment of marine parks and reservas, their

maryrove forests
coral reefs

SoaJrang beds

i -amdd  productive mad flats.

z. Dverfishi#. In view of the rapidly increasing incidence of
. ovartishing of stocks of dameraal and pelagic fisgh, crustacea and
I shellfish, and of the vital simificanws of these Btooks asz a sourece
' of food for the ocoastal peoples of the regions, national anthorities
shpuld cooperate and act to requlate to their gWn long-term advantadge,
their

coral reef filsheries
inshore demersal fisheries
and ocearic oalagic fisheries.

3. Endangered Species. in view of the rapid dacline in numbers of
various marine vertebrates which not only present a potentially
valuable resource, but which are of major scientific, educational ard
conservational interast, the nationa of the ICR should co-operate and
act to enforce and extend the protection glven to

parine turtles .

Dugoryy. Whales and other marine pammls

goabirds, expecially the Pelicaniformes
{bocipies and frigate birds)-
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Takle 3

- atritution of Significant Turtle Bresding Grounds
in the Indian Coesan Region

Turtle Speciesa

Comtry/Area Green FHawksbill Loggerhead Leatherback Olive Ridley
Mozanbique + + +_" +
Madaceagoar +* +- +*

Tanzania + + +
Karnya + +

Somalia + +

Ethiopla + +

Sadan + -

Egypt + +

Saudi Arabia + +

Narth Yemen +

PR Yemen + +

Oman + + + +
Northern KAP regiom  + +

Iran +* +

Pakistan + +
India + +
Sri Larka + + + +
Bangladesh +
Lakshadiweap + + +

Maldives/ + +

Seychelles + +

Mageoarenas + +

Andanan + + * +
Nicobar + + + +
Burma + + + *
Thailand - + + +
Malaysia + + + +
Imvkwiesia + + + +
Philippinea + +

Wote: + indicates the reocrded presence of significant breeding populations

of the apacies concerned.
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Tabla 4

Breaeding Distribution of Seabirds in the Indian Gcean Regicn

Red
Saa

KAP East

Africa

Ind.
Ocean

South
Aaia

East
Aaia

Wadge-tail shearwater
Aundubon'a shaarwater
Trinidad petrel
Mascarepne patral
Baran's petrel
Jonanin's petrel
Red-billad tropic bird
Red-tailed tropic bird
White-tailed tropic bird
Pink backed pelican
Maskaed booky
Red-footed boolry
Brown booby

Abbot 's booby

Common cormorant
Indian cormorant
Socotra cormarant
Little pied cormorant
Javanass Ccormorant
Great frigate bird
Iesser frigate bird
Christmas Is.frigate bird
white-eyed quil

Sooty quil
Gray-headed qull
Slender-pilled gull
Whiskerad term '
Cull-billed tarn
Caspian tern

indian River tarn
hopeate tern
Whitea-cheeked tern
Black-naped tarn
Bridled term

Sooty tern

Little tern
Saunders*tarn

Greater crasted tarn
Leaaar crested tern
White tern

Brown noddy
White-capped noddy
Laagar noddy

Mmm Q0

Pl MO0

na ]

R RNy

M g GO {1 3

+ + ¥

+
+ +

+ + 4+ + +

++ +

*

+ +

"+t 4+ o+

+++ 4+ 4

+

+ +

++ 4+

+ +

ot

LI

+ + +

++ + +

0] &+

indicates significant breeding:
indicates critical breeding sites:
indicates circumtropical distribuation:
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Table 5

Sources of Primary Production in the Indlan Ocean Ragion

Tetal Bnnual

Average Percentage of

Pradyction Total Indian Pr;’“a”’
mgCm~ cay -] Ccean Froductian

tons C
Qligotrophlc Central Subbroplcal T 27 0.5 x 1&9
Equatorial Divergenca 200 T4 .7 ¥ IEIg
Coastal Upmelling 340 12 1.0 x l':]g
Neritic (Coastall 1600 1 1.9 % 107

{Modified from Moiseev, 1969, to exclude temparate and subpolar regions).




Tabkle &

Sumary of Fish Catches Prom Indian Doege Repdon, 1973-1953

Westernt Indian Ooogn

Gantral Indian Qoo

Eastern Indian Coean

9 g e | 1se3 |17y (e | 1er3 | 1o |1gma | 1ges
Emypt b 3.1 13.5

T 0.8 0.7 w.5

i Ethicpia Hbal - | Busa '
Zmlia o0l B.a| 15358 i
Kermym i 46| bt
Taratia 3.4 4. 3\3.5
Moranhigue 13.3 [ 29| 3.4
Fecingaerar 2.2 125 12.3
Saychel les 3.0 H5.4]7 1.9
Maitivs = T4 0.5
Reamien 2.5 2.0 3.0a
fomoers 3.0 508 40m
TOTAL African C. 1374 | 124 4] 1660

Saxli Arabia 26 .4 2.5 X.4a

Yerpon Arab Bepubl ic

Chan
Cata
Batrwrain
Ui ted Arah Entrates
Kinzait
Irag

Irm
Paldstan
Iiia
Maidiines
Sl Larka

Yemen Penple's Democratic Reoublic

W.0a1 19.2) 122§

1533.5 1 A0 TEN
180.0a) 73.08 108.8
22al 2.2 2.

1.5 4.0 6.8
63.0 [ B4 T3.1
.2 6.3 &4

6.3 B.ha 8.0
16.9al 59.3( 30.0a
20.1 | 257.8| 2H3.0

968,1 |1081.0 [1040.0
BT | 58| BS
93.7 | 133.B1 187.9

262.3| W0A.T| 58.3

s =T A = S R
8R.0| A0y 184.0
24.7| 229.1y 3724

£2.3] 118.3] 14A3.9

1515,5 \T28.7 [1728.9
1.5 2.5 3.0
DG [ 6Rru | TG
17.9 15.6 19.1
B4 1 e 8 IE.H

10.8] 10.8a 5.
837.24 w0308 505,
1204, 19a.s 1121 .4

1700.6 |18159.941895.0

Tie 412682 18412

486N .7 0644 {5686,

Mote: a) FAD estimates
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Taple 7

Summary of Fish Catches from Indian Ocean Reglon, 197315963,
ineluting catches by pesasls based cutzide the reghon

Western Indlen Ocaan Cantral Indion Coeanf Eastern Indian Ocean
1975 1978 | 1983 1673 | 197R | 193 1973 | 19768 198
Japen c) 2.9 2.7 2. { B3} 1T 1.7 01637 2e5.2 | 28AE
Forea 25,4 6.2 .0 - 18,2 1.9 - 5.6 176
Taiwan .5 6.2 18.5 1 1.5 13.01 104 T4 TA 4.0
=Sh L43.7 .43 XA n.5 G.7 + - - 9.8
Buigaria - 0.2 -
Cerman Demcratic Repuol ic - 0.3 0.6
Fomarnia - - 1.0
France ] - -1 20.5
Itady - 0.2 1.4
oeain | 2.1 -
TOTAL, ror-local 127.8 | 1232 137.2 | 33| 49.45) 24.C | 171.1| 267.9 | 2.9
TITAL, Africa 137.4 | t2a.4f 1460
TOTAL, Scvth and West. Asia _ 17066 [ 1BTS. 38060 | TT5.4 [ T26E.2 N84T .2 [EE1.T 9065 & | SRHE 4
TOTAL FAD area bi 1977.9 [ 206T.T |2186.1 |S72.8°33. 917742 B1168.4 (5630, T |6150.9
biores: al FAD estimates

k) FAQ statiskical areas are rather larger than the area under review.
Catehes 1n FAD area includes catehas by Spubth Africa, Australia, PNG
and in the open Facific.

£l Includes Japanese skipjack fishery in Western Pacific, to the eastward
of the grea under review.



The following outlines of project proposals hawve been prepared in the light
of the conclusiong and recommendations as have been developed in the present
report. :
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Travel and sacretarial coats.

. Workshop. Travel and per diems for participarnts.

avidenoe agtablishing effects of sedimentation in reef areaa
under studyr - '

recommended procedurss and methods for minimising sediment
load due to dredging, infilling, soil erssion eto

recommerded standards and Tegulaticns to enforcee uge of
mathody minimising sadiment production;

recoomended methodas for osasuring sediment load on reaf and
othar areas;

information om the tolerance limits of reef coralas and the
aeffects of sedimentation on ooral oormandtes.



B. CRITICAL RESOURCE AND HRBITART SJRVEYS

Main Intersstad Areas: A1l reqims.

Background

In wview of tha rapid degradation and dagtruction of productive critical
habitats (mangroves, coral reefs, ssagrass beds, mad flats) taking place in marmy
parts of the region, it is =sssential that environmental managers and decision-
makers have information on the extent and status of these habitats within their
regions. Such information can assist in generating plans to manage and protect
these habitars by directing residential and industrial developments elsewhere,
by appropriate zoning of the cmast and inshore waters, and by the sgtablishment
of mrine parks and reserves and fisheries management and omservatlon areas.

Bush broad scale critical rescuaroe and habitat aurveys have or are being
undertaken in some cocuntries of the I0R (e.g. Saudi Arabia, Indoneaia) and in
othars information regarding some, if not all, of theae habitats may be
relatively complete (e.g. Egypt, Inia, Philippines). Bowever, there are some
countries {e.q. Samlial for which there is little or no information about the
digtribation of these habitats. Assistance is recessary to help some nations
in carrying out this survey work, while others, it is conaidered, would
banefit from clear recommadation= on the beat methoda to usa, It ia
saogested that a brochure or toocklet be prepared which would present this . -
information and provide an introduction to the more corprehensive volums
. regearch mathods prepazed by MESDD {1378, 15%84ach, & in prep.}.

The Project
The project would involve two elembntgc-

a] completion of a model critical habitats survey in saveral countries
of tha ragion (Somalia, Tanzania, Maldives, Sri Lanka, United Arab
Emirates an] Eastern Malaysia are possibi lities);

b) development and production of an introductory menual or bocklet

recommending mathoda for organiszing surveys and recording and
collating data:

Staff Involwed

a) Two scisntists and two research assistants to undertake
habitat surveys. Oparakiooal costs.

&) Cio-ordinator and secretary for asach sacretariat,

Qutputs

Thasn wald be:i—

- introductory manual on organisation of and mathoda for
critical habitat surveys.
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©. HABITAT DIRECTCRIES AND DATARASES

Main Interested Arsas: All reqgiona.

Background

In view of the rapid deqradation and destruction of productive oritical
rabitats (mangroves, ooral reefs, seagrass beds, mad flaits) taking place in mary
parts of the regiony, it is essential that epvironmental managers and decision-
makers have information on the extent and status of these habitats within their
regirms. Such informatismt can assist in generating plans o manage and protect
these habitats by directing residential and industrial davelopmants alsawhera,
bw appropriate zming of the osast ard inshore waters, and by the eskablishment
of mrine parks and reserves and fisheries management and oonservaticon areas.

Where possible information is required on an ocean—wide basis so the
gignificance of partisular habitat areas can be properly assessed. Moves have
already been initiated to establish or develop information bases for some
hahitats. UNESOD has proposed an Indian Ooean Mangrove Deatabase to incorporate
informaticn from satellite imagery, and IUNW is producing a series of Coral Reef
Directoriea, the Indian Ocean volume of which iz now in draft form However, for
thege habitats tha data which have been ool lated are atill somewhat limdted, and
continual updating is essential in view of devalaping impacts to many arsas.
Also for other nalbdtats no regional database has bpeen established. For example,
the Symposiom hosted by the Marine Biological Association of India (1925)
recommended that special attention be given to studies and surveys of searass
beds. Thas it is recommended that priority attention be gliven to supporting the
development of axisting regional databages and habitat directorias and to
funding the establishment of others. Asgistance is necessary to help some
nations in carrying out the necessary survey work, and to standardise data
collection and presentation, =0 that regional patterns of distrilution can be
appreciated and understood

The Project
The project would ipwolwve:—

tha astabhlishmant or further developmant af ragional
directories/databases for each critical habitat: the database would be
serviced by a small secretariat which would also aordinate training
and assistance and disburse infamation to national agencies; it is

ted that IUMN, NESQD, and INEP could assist in supplying these
secretariats anvd database facilitias.

Regicnal directories or databases should be astablished for each of the
fol lowing habitats:—

aoral resfa

IRNGQIoves

seachays beds

mxiflats and associated wetlands
emall islawis ]

kelp forests and alal coammicias
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Staff Involved

a) Co-prdinator, research aggistant and aecratary for each
secretariat.

Cutputsy
Theas wolld be:-—

- I0R directorias/databasea for reefs, mangroves, seagrassas,
madf lats, islands and algal oommandtles:

- maps of critical habitar distribtution for each region:

- suppleuénta.qr databases of appropriate field data.




.-5.5.—

B HETWORKS

Maipn Interested Areas: AJLL reglons

Background

Vital habitats {mangroves and coral reefs) and resodrces {(fisherias and
endangerad species) are being depleted in may parts of the Indian Ocean. Lol
specialists and rescurce managers need asaistance in developing management
methods, -introducing aperopriate laws and regulationa, surveying resources, ard
austaining their general activitiazs. Enviromental oconditicns acrosa-mich of
the IOR are very similar and magy of the sams gpecies are oo o pary araas.
UMESD have recently sstablished a regional network of mangrove scientists and
managers, and ICLARM {Philippinea) have developed a network of Fisherias
Managers in the reqgion. It is suggesated that this idea should be taken up ard
supportad with regard to theae and other araas of apacialisation so that more
formal IOR networks of managers and geientists are established for the
following habitats and species’ groups:—

RN oves
asral reafs
SARgT AREEY
figheries
turtles

arine mammals
aaabiron

with priority being given, along with supporting the existing networks, to
establishim petworks for tbuwrtles and for oocral reefs.

The Projact

Co—ordinators would be appointed for each habitat/species group and
provided with secretarial and administrative sopport. It is suggoestad that, at
leanat initially, individual internaticnal agencies could support the
egtaht ishment of particular networks. The nebtworke should not be too structuresd
or formal but should be open toall interested persons within the region, and

also to specialist scientists frmm cutside the IOR The networks could paosoe
the following activities:—

a) girculating of newslettars. It is suggestad that in addition
perhapa to distributing a more forsml printsd newsletter on an anmoal
or segi-aumwal beais, the networks should esphasise the r ar anwl
rapid circulation of duplicated or photocopied informal notes and
correspondence between membera of the metwork.

b} organising exchange visits of managers and specialists betwean
different countries of the IOR. Theme should, in so far as is
possibile, involwve practical managersnt work or investigatione in the
field This would agsist loxz’) acientists and rescurce panagers in
obtaining information about methods and sanagement tachnicques, and
generally spoourage them in thair work.

=% _w I = __._1 —— B W, - oo - i . ' - -




Staff

- 57 =

management and enforcement methods, in the context of the IOR, and
specifying a standard set of laws and regulations which should ideally
be adopted by each country of the IOR where no conparable legal
control already exists. However, expensive intarnational meetings
sheaald not e a priority.

Imvnlved

Initially 3-7 part-time co-ordinators. Sacretarial and administrative

aNDeTISes .

Limited furvds for intermational travel.

output
The formal outputs would be:-

the anmual or semi-annuial newslatter
short reports by those involved in exchange visits
bocklets resulting from workshiops [at a later staga)

a set of recommended laws and regulations for adoprion by
member countries.



E. OORAL REEF FLSHERIES ASSESSMEMT AND MANRSEMENT

Main Interestad Areas: Red Sea and Gulf of Aden region; Eastern Africa;
East Asian Seas ragion

Ear_‘km

Coral reefg are important souroes of fish, and are particularly important
to small-scale artisanal fishermen. Though mainly traditimmal gears are used,
rary Tecfs are heavily fished, and some of the larger, more valuable species, eg -
snappers and qroupers, are saricusly depleted in merry areas. Most traditional
atock assemsment methods are not directly applicable to coral reefs, and those
wiching ko manage coral reefs as a continuing source of food have no good source
of advice on how to assess or sanage reef fisheries. Tha aim of tha project
would e to examine these methods, eg the extent to which catch and effort
sgtatistics, or changes in sizes of individual species can be used in assessment,
or whether closed araas or . seasons, or limits on the nunber of vegzels or
Fishermen operating are useful approaches fo managemnent.

The Project

The project would be carriad cut in four stagea, tha first two of which
would proceed in parallel. Firgt would he a careful literature survey to
compile anpd analyse data on yield rates (catches/ha)., chapges in species
composition under axploitation, population parameters of major reef spacies,
ete. At the same time field studies would be carried out, probably in the
northern Rad Sas and/or Eastern Africa, to copare tha charactevistics (species
composition, sizes of individual species, eto] on exploited and unexploited
reefs in the same general area- This would be followed v a small expert
working group which would meet to review the results, and possible assessment
and management metheds. Finally, the deliberation of the workshop would be used
in preparing a manual on coral reef assassment and mEnagement.

Staff Involved and Cther Costa

a) literature search - | ressarch assistant - ¢ months

Bl Fleld studies

<] Workshop:
Travel and per diems of participants Gparational coats

4} Mamual - 1 Senioz Research Scientist - 4 mwths
= 1 Research Aagiatant - & mooths

Typing, mblication

- The main output should e a manval written in a style to
give practical assistance to scientists in the Indian Ocwan
charged with assessing coral reef figheries, and to managers
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F. SPECTES CHRNGES

Main Interested Areas: East Asian Seas region; South Asian Saas region: KAP
regions

Backgramd

Following increased exploitation, eg through the introduction of btrawliog,
there have basn large changes in the species composition of a number of
commmitiss, These changes are lmportant in themsel ves, Eﬂpecially whan soms
spacies decline very greatly, and also, because of the differences in value
between apeies, of some econwwric significancé. The mature and. couses of these
changes are not well understoond, and with some axcaeptions such ag the Gulf of
Thailand, are not well documented. & better understanding of these changes is
esgartial in forming a management policy for the resources involved. Becanse
sipdlar chargms seem to have ocourred throughout maxch of the Indo-Pacific region
it wenild be useful to have oparative data for the whole region

The Project

The project will concentrate on establishing a good data base <n spacies
changes, especially in the damersal commnities. It is believed that outside
the piblished literature informaticn alzo exists in upablished records of looa)
fishery offices, resulta of jurveys, eto. Thase data can best ba obtained by
visits to the affices conpcerned, Hy going back to origipal records it may be
poasible to distinguish between speacias that are luomped together in later
compi lations, eg tabulation of total national catch. Such grouping is often
inevitable for some tabulations ainees the numher of speciea iz very high
{perhaps several twundrads]), but for some scientific study it will bpe important
tc keep a separation

The project will therefore have two min thrusts. First, the examination
of past data, to emcract what inforpmtion thera is on species composition, and
to place it in a readily acosssible data base. Second, 0 ¢ol laborate with tha
appropriate national offices so that Future information will be readily
accasaible.
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G. ASSISTANCE IN (WERFLSAING STUDIES

Maip I[nterested Areas: East Asian Seas region.

Deher Interested Arsas: South Asian Seas: Eastern Africa.

Ea.ckgzmnﬁ

Many stocks of fish and crustaceans ara overfished, and management is
needed. The scientific advice oh which the necessary managemant actions are
bamed comes from the fishery regearch institutes. in tha countries concernad.
These institutes are, in general, doing 4. good job, but do need further
atrengthening and support. Regponsibility for this lies with the national gov-
ernments, but outside asaistance from tha internaticnal commnity can be
effective in assiating these institutes in carrying out their taska.

Because the problems are similar in a number of oaumntries, one productive form
of aasistance is the promition of exchange of information, and the develcpment
of techniques capable of general application

The Pfajmt

From the great variety of possible forms of intermatidral cooperation, the
project will focus on beo that appear perticulariy significant. The firat is
the development of a coowon data base syatem that will facilitate the axchange
of information between countries. This will take advantage of the recent
developments in computing, which have put the use of computer technslogy.
especially micro-cotynwters, within reach of moet countries in the region The
secxmyd is related and will deal with the developmemt of cowputer based mathods
of stock assssspent apd analysis, particularly the methods that ara oot tied to
tampwrate water conditions, and are therefore sore applicable to the region.

R e



H. TRA MAMAGEMEMT WoRESAOE

Main Interested Areas: Eagstern Africa {island states); Scuth Asian Seas
reqic.

ther Interested Areas: Red Sea and Gulf of adon region: KAP region.

Backm. round

For many yemrs, up to 1983, the tupna fisheries in the Indian Ocean have
changed lit%le, There wa? a moderate sized longline fishery by East Asian
countries oo large tuna, and significant local fisheries around Sri Lanka and
tha Haldives. Otherwise catches ware small, and except for the larger sizes of
Yallowfin, RAlbacore. Bigeye and southern bluefin in the Scuthern Indiam Joean,
the stocks wers much less than fully exploited. In the last couple of years a
larga French and Spanish purse seite fishery has developed. mstly based in the
Seychelles, catching Skipjack and Yellowfins At the same time, several ocastal
states, partly as a réault of the establishwent of 200 pile EEZs, have becone
more aware of the tuna rescurces of the Indian Ccean and have falt that the
coastal states around the Indian Ocean showtld receive a greatar share of the
kenefit from thesse rescurces.

The rapid increaage in fishing effort, and the concerns of the coastal
atates are raising questions on how the tuna resources shauld be managed. These
involve difficult biological and politicml problems. Becauss Séveral of the
specifs migrate ower large distances - more than the full width of the Indian
Ocean in the casa of southern bluefin tuna - these problems need to be examined
ol an ocsan-wide basia,

Some aspects are already tbeing handied  The FAY/INDP project in Colombo is
complling ocean-wide statistics, thoogh 1t geems to be meeting problems in
chtaining sufficiently detailed statistics from some relevant awntries. FAD is
alec planning to arrangs, as part of the activities of its Indian Ocean
Fisheries Compisaion arnd its Tuna Mahagement Committes, regular meetings of tuma
scientists. However thage Arrangements, though important preliminaries for
managemernt, d0 oot addrese the mpapement problems directy.

In the layy run it sy be dewirable to satablish, for the Indian Ocwan, an
independent tuna cormmissaion, such as ICCAT in the Atlantic of TATTC in the
sastern Pacific in order o achieve effective panagepent, inclueding consarvation
of the stock, and adequate participation by coastal states. Thiz would take
time. In the short run, it might e timely to examine the advantagas and
disadvantages of this, and other posaible spoconchies.

The Pruje::t

The project would arrange for a workshop of technical experts, to examine
alternative approdches to tuna sanagement in the Indian Ocean, including the
arrangjemants necessary for callectiom, reporting and ocepiling of statistics,
and for scientific reagarch. The output would be a report sstting out the
altetnatives, and the actiona that woeld be necessary to inplement them




I. CETATERNS .

Incidantal kKills

Area: Scath Asia Sea= regicn

The Indian Ocean sanckuary should in theory provide an ideal protection for
the large cetaceans OF the whole reqion However, elsewhere in the world large
cetaceans are killed incidentally to fisheries' cperations while the scale of
kill to small cetaceans in a variety of fisheries has been oomsiderabla.

This iz of partimular cocern for smll cetacsans in the Scuth Asian Seas
region. A project aimed at surveying the extant of incidental killing of
vetaceans in the waters of this region would be parricuiarly timaly, A survey
has peen conducted in Sri Larka and this owuld serve as a mdel for surveys in
athar areas. The extent of the resources required would obhyiously wary
depending on the waters concerned. Accordingly, initially it might be
appropriate to consider a feasihility stuly for surveying incidental catches in
the entire region. This could act as 4 prelude to a detailed study invelving
all the countries of the region. The feasibility study itself could be
performed by a2 consultant operating for 3—4 months.

Catafean Suray

The KAP region and the Gulf of Oman are both areas where knowledge of the
abundance of cetaseans is very limited. The Gulf of Omn, because of its high
producrivity, might be axpected to suppert a significant nurber of cetaceans.
The tcpography of the area lends itself readily to the sort of boat-based survey
already oconducted by the TULIP in Sri Lankan waters. 3Such a survey might well
complement work on other marine resource problems of the areas
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J. DOEHG SURVEY

Main Interested Areas: Fed Sea and Gulf of Aden region: KAP region.

Other Interested Aveas: Eagtern Africa.

Backoroomd

The Dugorry 15 an endangered species, and has beoowie very rare over all of
its ramge cutaide eagtern Indonesia, Papua New Guinea and northern Australia.
It ig difficult to determine appropriate mwnagepent Teasures because of -the very
pxor information on how many Dugongs are left, and where the main ooncentrations
are., :

Tha Project

A survey will be carried out in selected areas, using a small aircraft
Elyving according to a carefully designed grid, using standard wildlife censuging
procedures. The bwo maln pricrity areas will be parts of the Red Sea, because
this is believed to contain the largest population of surviving Dugonge cutside
its sastern stronghald, and tha EAP regiom, becauase the atock hers ssems to have
been severely affected by recent oil spills. The peossibility alszo exists of
carrying cut similar surveys in other regions.

Staff and Other Costs {par marvesy)
Hire of airaraft (including pilot] =~ 2 montha

1 senior acientist — 2 months

1 cheerwer/research assistant - 2 senths.

el 'Et

- Maprws showing the distrilution of Dagogs, and estimtes of
the total mambarz in the survey area
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K. PUBLIC AWAREMESS

Main Interegte Areas: Al]l reqicns.

Background

Mwareneas by both the general poblic and by governmental and crganisational
decision makers of the great value of renewable parine resources, and of the
urgent need to protect and manage them, iz fundamental k¢ securing the
preservation of the snvironment and the sustainable use of resource spacias.
Environmental oonditiona are oxparable across mady parts of the IOR, and mamy
areas have many species in common. Therefore it is suggested that there iz
considerable potential for cooperation and coat cutting in generating public
awarencss materials (posters, leaflets, booklets, slide sets) that may be used
and cirenlated acroas the whole IOR

It is proposad that a sam]l project team be egtablished to genarate public
awareness matarials and to stimulate their distribution and use. The materials
would be produced either without a text, or in auch a way that loeal text can
eagily be added to pictures and illustrations which can be used in any country

‘It is suggested that the team should concentrate, at least initially, on the

production of posters, post cards, stickers, framed pictures for use in
governmental cffices, etc., slidas and perhaps a calendar. in each casa text
can be limited to a slogan or short paraqeaph. :

It is suggested that attention should also be givean to the design and
production of a readily comprehensible and strong durable aieny, indicating that
an araa is protectad and that £ishing, collecticn of eqgs, corals, ahells or
damage to harinse lifa is forbidden. Thess might be mass prodoced and
distributed in large nurbers to participating ecountries for use in protected
araas, IAring parks or reserves.

Staff Inwo]wved

1 scientific as-ordinator, 1 assistant/technicial, 1 secrstary.
Pands for production and circulation of material.

Limitad traval funds to overaee Aistributicon and discuss vase of

materials.
CutEt
- Sets of poaters
poatcards
framed pictures
atidkers
a1 id0eg

- Calerviar
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WHO/UNEP: Public health problems im the coastal zane of the East
African region. (1982)

THC/UNEP: @il pollution control in the Ezst African region. (1982)

IUCH/UNER: Conservation of coastal and marine ecosystems and living
resources of the East African region. [1982)

UHEP: Environmental problems of the East Afrlcan region. (L1982}
PHEP: Pollution and the macine enviconment in the [ndian Ceean. {19E2)

UHEP/CEPAL: Development and enviconment in  the Wider Caribbean
region: A Synthesis. (1982)

UNEP: Guidelines and principles for the preparation and implementation
of comprehensive action plans for the protection and develeopment of
marine and ¢castal areas of reglonal seas. (1982)

CEEAMP; The health of the oceans. (19821

UNEE: FRegional Seas Programme: Legislative authoriby. (1985)

UNEP: FRegional Seas Propramme: Workplan. L1987)

Kev. 2. UMEP: UNEP Dceans Programme: Compendium of projects.  {1985)

CPPS/UNEP:  Action Plan for Lhe peotection of 1he marine envirorment
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CPPS/UNEP:SBources, levels and effects of macine pellution in the
Soulth- East Pacific. (1983} (In Spanish only)

Rew. 2. UNEP: PRegicnal Seas Programme in Lakin America and Wider
Czribbean. ({1985)

FAO/UNEECO/ IOC/WHO/WHO/ TAEA/UNEF: Co-ordinated Mediterranean

Follutionm Monikeoring and Research Programme (MED POL) - Fhase 1:
Programme Description. {1%83} :

UNEF: Action Flan for the protection and development of the marine
and coastal arcas of the East Asian regilon. {1983} :

UNEF': Marcine polluation. {1%33)
UNEF: Action Plen for the Caribbean envirconment programme. (1983)

UMEP: Action Plan for the protecticn and development of the marine
environment and coastal areas of the West and Cenkral African region.
f1983)

UNEF: Long-term programme for pellutiom wmonitoring and research in
the Mediterranesn (HED POLY - Phase II. {1983}

SPC/SPEC/ESGAP/UNEE: Action Plan for managing the natural resgurces
and environment of the Bouth Paclfic region. (1983}

UNCIESA/UNEP: Ocean energ¥ potential of the West and Central African
region. {1983)

A, L. DAHL and I. L. BAUMGART: The staie of the environment in the
South Tacific. (1983)

UHEF/ECE/UNIC S FAQ/UNESCO A WHO S TAEA: Pollutants from land-based
sources in the Neditercanean. (1984}

UNDIESA/UNEF : Onshere impact of offshere o©il and natural gas
development in the West and Central African region. (1984)

UNEP: Action Plan for the protection of the Hediterranean. ({19H4)

UNEP: Ackicn Plan f{or Lthe protection of the marine enviconment and
the coastal areas of Bahcain, Iran, Iraq, Kuwalt, Oman, Qatar, Saudi
Arabia and Lhe United Arab Emirates. (1983}

UNEP/ECLAC: The state of marine pellution in the Wider Caribbean
reglon., {1984;

UHDIESASUNER: Envirunmental management - problems in cegource
ubtilization and survey of rcoesources in the Weost and Central African
region. {1984)

FAG/UNEF: Lepal asypects of protecting and managing the marine and
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SPC/SPEC/ESCAP/UNEP; Fadioaclkivity in the South Pacifiec. {1984)

UHEE: Hngin-ecnnomi: activities that may have an impact on the marine
and coastal envircnment of the East Africen regicn. {1984)

GESAMF : Principles for developing coastal wakter quelity criteria.
(19843

CPPS/UNEF: Contingency plan to combat oil pollution in the Scuth-East
Pacific in cases of emecgency, {1984}

IHQ/ROFHESUNEFE ; Combaking oil pallukion in the Kuwait Actien Plan
region. {1984) '

GESAMF: Thermal discharges in the marine environment, {(1984)

UNEF: The marine and coastal eovironment of the west and Central
African region and its state of pollution. (1984)

UNEF: Frospects for global ocean pollution monitoring. (19B4)

SPFC/SFEC/ESCAP/UKEF: Hszardous wapke sztorage and disposal ip the
South PacifFic. ({1984)

No. 48/ Appendices SPC/SPEC/EZCAP/UNEFP: Hazardous waste storage and
digposal in the Sputh Pacific. (1964)

FAO/UREP: Legal aspects of protecting and managing the marine and
coastal environment of the Esst African reglon: National Repaorts.
{1984)

ICR/UNEP: Marine and coastsl conservation in the East Afrirean
region: Metional Report=s. (19B64)

UNEP: Socio-economie activitles that may have an impack on the marine
and coastal environment of Lthe East African region: Matianal
Reports. (1984)

UNEP: Arab co—operation for the protection an¢ developrent of the
racrine anvirommant and cosstal areas resources of the Medikerranean.
(1984)

UMEP: UNEP Regicnal Sess Programme: the Eastern African Experience,
(1984 )

UNIDG/UMEF ; Conkingency planning for emergencies azscciated with
industrial ingtallatiens in tha Wegk and Cantral Afreizan region.
(1935)

FACG/UKEF: Marine mammals: glabal plan of sction. (198%)

Ko. S57 Annex FAD/SLUCH/ IWC/UNEP: Marine mammals: global plan of
action. {1985) .

GESAMF: Cadmium, lead and tin in the macine environment. (1G9B5)

IMO/UNEF: 0l sailiae and shareline sleagnam nm bha snsedbe  aF Fha
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UHEP:* Environmental problems of the marina and rcoasgtal ares of India:
Matimnel Report. (1398%)

IUCHAUNEPR: Managemeni and conservaktlen of renewable marine resourcas
in the Indien Ocean region: Overview. {198%)

UKNEP: Action Plan forr the protection, management and development of
the marine and ccaslal environment of the Eastern African cegion.
[19R%]

IUCKN/UNEP: Management and concervation of tenewable marine reaspurces
in khe Soukh Asian Sess region. (1985}

TUCH/UNEF: Hanagement and conservation of renewsble marine resources
in the ¥uwaitk Action Plan rezien. (1985)

IUCH/UNEP: Management and consarvation of renswable marine respurces
in the BRed Sea and Gulf of Aden region. (1985)

IUCH/UNERP: Management and consecwvation of tenewable marine resources
in the East Asian Seas region. (1985)

IVCK/UNEP: Management and conzervation of renewable marcine rcagources
in the Epstern African region. ({(1985)

UN/UNEP: Coastal ecosion in West and Central Africa. {1945)

GESAMF: Atmospheric transport of contaminants inke the Maditeceanean
cegion.  (1985)

UMEP: Environment and resoucces in the Pacific. ({1985)

UNWESCO/ ROPEE/ UPK /UNEP : Procasdings of the Symposium/Workshop on
ocegnographic modeliing of the Kuwait Action Plan {KAP) reglon. (1985)

IUCH/ROPME/UNEF: An acological study of the rocky shores on the
southemmn coast of Oman. (1985)

IUCH/ROPME /UNEF : An  ecological study of sites on the coast of
Bahrain. {(19£25%)

SPC/SPEC/ESCAP/UNEP: Ecological interactions bebween tcopical ccastal
acosystoms. {198%5)






