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PREFACE

Thirteen years sge  the United Nationa Counference on  the Human  Fnvironment
{5}ockhcln, 5-16 June 1972) adopted the Action Plan for the Human Enviropment,
including the feners] Principles far Assessment and Control of Marine Pollution. In
the light of the results of the Stockholm Conference, Lthe United Netions Ceneral
Aagwnbly decided to eatablish the United hativns Envirurment Progremme (UNEP) to
"gerve as a foccal point For environmentsl actiun snd co~oroination wikbhin the bnited
Nationa aystem" (Gencral Agaembly resolution 2997(X¥VI1) of 15 ODecember 1972). The
orgenizations of the Urited Naticns system were invited "to edopt the meesuras bhat
may be required to underteke concerted and co-ordineted programmes with regarvd  to
international enyirommental problems", and the "intergovernmental A
non—govermmental orgenizations that heve an  [ntarest in the field of  the
enyirorment” wele alsv invited "to lénd their full gupport and collsboratis- ko the
bnited Nations with & view to achieving ‘he larqest possihle degrae of co-operatinn
and co=ardination". Subseguently, the Governing council af UNEP chose "[eeans™ ag
one of the priority areas 1n which it would focus etfforts b Fulfil  ite cetalykic
end co-ardinating role.

The Regional Seas Pregramme was initiabed by UNEF in 1974. At preesent, it includes
eleven regions — end Fas over 120 c¢oastal States parkicipating in it. It is
conceived pe  an action-oriented programme having comcern naot only for  the
consequences but also for the reuses of envirormantsl degradation and encompassing s
nomprehensive  approech to controlling environmental problems through bhe management
of marine ard coastal sress. FEach regiocnal sction plan is formuleted eccording te
the neede of the reqion s perceived by the Covermments concerred., 1t is desigred
to link asgewsment of the guality of the marine envirorment and the causes of its
deterioration with aectivities for the managsment and development of the marine and
cogstal envirorment. The section plans promote bhe parellel dev%}apment of regionel
legal agreements end of action-orientated programme ectivities <.

The Hegional 5Seas Progremme has always been recognized as a global programme
implemented through regionral components. Inter-regicnal co=-vperation emong the
various see aress on cowmon problems is an important element in  assuming  the
compatibility of the different regiomal components.

Az & rontribution to the development of the five Action Plans supported by UNE?  in
the framework of the #egional Seas Frogramme in the lndian Ocean tegion, the
International Union for Conservation of Neture and Natural FResources (JUCNY,  in
co-operetion with UNEP hwas prepared this document .

1/ Mediterrenean, Kuwait Action Plan region, hwest and Cenkral Africa, Wider
Laribbean, FEest Azisn Sess, Snuth-Edst Pacitie, Sauth-Yest Pacific, Fed Ses and
Gulf of Aden, Eastern Africe and South-Weat Atlamric.

2/ UNEF: Achievements and plenned development of UMWEF's Pegional Sess Progrerme
and comparable programmes spananred by other bodies.  UNEP Regional Seas Reparts




- i1 =

Thia dnﬁzzgpgfé??aaaad on more detailed reviews prepered for esach of the five
regiona ='="—" in the wider Irdian Ocean ares. They review khe past and ongoing
conservetion agtivitiem relevant to  the Indian Qceen on the global, regional amd
natlional levels; ldentify priority eonperns of the Ga#érnments bordering the reqion;
and contain recommendations for inter-regionel and regional projecta to  be
undertaken to address those concerns. ' o

The report was prepared with the help of the following consul tants: L.. Barratt, .
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/ IUCNAIMEP: Menagement and comservetion of renewable merine resources in  the
South Aaian Seaa region. UNEP Reglonsl Sess Reports and Studies Na. 6Z. UNEP,
1965,

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

Kuwait Action Plam region. UNEP Regional Seaa Reporta and Studies No. 63,
UNEP, 1985.

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

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

UNEF, 1985.

&7/ IUCNAINEP: Management and eonservation of remewsbls marime - resources in the
East Agian Seac ragion. UNEP Regionel Sees Reports end Studies Na. 45. UNEP,
1985. .
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Introductory Comnents

Thiz paper provides a sumpary of the status of different biclogical marine
rasources, habitats, species groups and species of economic value and/or
scientific interest within the Indian Qcean Region {IGR). It also gives an
overview of the degradation of these resources that is bacoming apparent through
much of this region. The extent of naticnal and intarnatiomal activitias
directed towards managing and comsarving these resources is also indicared.

Further details omcemning the topics covered Iy this overview ray e found
within the five supporting reports, sach of which deals with one of the five
'regional seas' areas lying within the wider Indian Ocean ragion.

Joint ommsideration of the status of the marine environment within these
five arsas makes sansae, hoth from scientifie and practical points of view. The
araas together constitute the greater portion of a single major marins
bicgecsraphic provinoce [the Tropical indo-West Pacific). Within this provinee
all areas have moat habitats and species in common.  Thus within amy orwe fmal lar
area up to B0 of the species of maripe animl and plant are likely to be cnes
cccurring through much or all of the Indian Ocean. Likewise, the conditiens and
problems affecting the marine envircnment are for the most part similar
throughout this region. And, in addition, the social and mconowic conditions
are comparable in many of the countries concerned so that they face similar
problems in davaloping the sffective conservation amd management of their marine
Tesourcas.

Area Coversd

The five Regional Seas areas covered by this report are |from north-west to
sguth-east}: the Red Sea and Gulf of Adan reqion; the Kuwait Action Plan
region; the Eastern African region; the South Asian Seas ragion and the Eaat
Aslan Seas region

™e area covered by this report therefore has its northermmost limits at
30°25'F in the Red Sea, and at 30930'N at the head of the Kuwait Action Plar,
[KAP) region, while the southerly limit is marked by latitude 2598, at the
Mozambigue border. The western boundary runs along almast the antire East
African coast, thus encompassing the omtinental island of Madagascar, and the
smller aceanic island groups of the Saychelles, Mauritius, Bmmicn, Codrwros,
Lakshadweep and Maldives. And the sastern boundary liea at approwimtely 40°F
o 2 line which virtually divides the Island 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: Indonmesia comprises approximately
13,677 igslands, with a coastline Length of 81,000 K. {Soegiarto & Polunin,
1982); the Philippines encompasses 7,107 izlands and has a comstline length of
aprieximately 17,500 km (de Celis, 1961}, . This fact is of reqional significance
since, if the total coastline of some of the mainland areas is compoted, it ig
mich smailsar than that of either of these btwo izland droups [see Tahle 1). Herwe
the potential for coastal and shallow-water marine habitats {mangrove,
seagrasses, ooral reefs, etc.) 15 somewhat greatsr in the Fast Asian Seas region
than in other parts of the 10R. It, and the KAP and Red Sea and Culf of Rden



regions, muat also e cnsidered more vulrerable to pollution becanso of their
sami—ane losed nature.

Table 1
Region length of Coastline
{fem}
Eagtearn Africa reqgion 11,950
Fed Sea and Gulf of Aden S, 372
Indmesia 81,000 -
Philippines L7, 300

Climate

The climate within the Indian Ocean region varies both seascnal ly and
according ko location. In general it is dominated by the oonsoonal eygle.
Annual rainfall, for example, increases moving scuthwards and, cutside the
incidental precipitation frequently associated with the —~oast and the islands,
its seasonal occurrence is closely tied to that of the monsoon winds, The
seascnality of the monscons is, in turm, linked to the position and movement of
the Intertropical Convergence Zone (TTCZ).

At the beginning of the year the ITCL lies sourh of the equator. In the
south, the south—east trades blew, while in the north the north-esst movsoon is
Eully developed, but is dry over much of the Indian 2cean. In the second
quarter, the ITCY meves north, reaching scuthern India in lats April. The
south-aast trades ocoupy the whole of the southern coean, while in the north
rain systems btecome frequent in the Bay of Bangal and in the south—-sast Arabian
Sea, a few developinc into cyclones., In the third gquarter the south-wesat
monsx holds sway aver the Arabian Sea, India, the Bay of Bengal, the westarn
mart of the East Azian Seas region, and the Eastern Africa regicn, where mean
wind speeds and rainfall reach their mawimim  In the southern ocean, the south-
east trades reach a mean speed 5f 9 msec” - the world's most vigorous
tradewinds. In the fourth quarter, winds shange to north-easterly aver the
morth, the tradewinds in the south diminish, and the ITCZ migraras south asairn.
The sguth-west monscon diminishes but there iz s3till heavy rainfall ip scme
northern areas such as the Doy of Bengal (Couper, 1983: UNER, 19827, ared in the
central and eastern parts of the Bast Asian Seas region. Rainfall is highest
throughout the Eazt Azian Seas region {sas Table 2 below)] with West Malaysia,
for example, Naving an annual rainfall of batwean 2,000 and 4,000 om. (Thua &
Charles, 19804,

The KAP region and the Ped Sea and Culf of Aden region, with the exception
nf those areas berdering the Avabian Sea, fall putside the Indian Ccean
masomal gyre.  Instead, these two mear-onciosed seas have glimates which are
essential 1y continental rather than maritime, and this results in genaral 1y high
temperaturss and limited freshwater inout, although in the KAF region and
northern Fad Ssa temperatures fall drastically in winter. The net resull is a
typically arid coastline. Similar semi—desert to desert areas exist in most of
Scrmlia, innorthern Kamya and in south-western Madacmsear,



The arevial rainfall pattern has a direct effest on the orourrence of some
critical habitats {e.q. wmangrove).. In additicn, it is significant in
influencing other snvironmental factors such as the extent in coastal waters of
sedirentation, of nutrient enridhment, and of reduced salinity, all of which in
turn help determine the types of shallow water habitat which are prevalent in an
ares. .

Table 2
Ragion Mean Amnrual Rainfall
{rm]
Fed Sea and Qulé of Aden : L00-300
K;mit Action flan region ' 100-300
Eastermifrica regiom 1.,000-2 00
(much less in northl
South Asian Seas regicn _ 1,000-3, 000
East Asian Seas region alerre 3,000

fafter Couper, 1283)

Qceanograptty

It is not appropriate that the oceancgraphy of the Indian Ocean should ke
reviewad in detail hera, since the subject iz relevant only as background, and
in so0 far as oceanographic oconditions influence the distributicn and ocourrence
of habitats and resources. Morecover a convenient synopsis has recently been
provided by UNEP (UNEP, 1982). However a few key points will be briefly
‘oA rised.

The surface currents of the Indian Ooean proper are essanrial ly dominataed
by a large anticyclonic smibtropical gyre in the southern part, and a reversing
Qurrent system in tie northern hemisphere. The scuthern subtropical gyre forms
the westward—-{lowing equatorial ourrent in lower latitudes and the esastward-
flowing weatwind drift in higher latitudes. Part of the south squatcrial
current flowa aromd the north of Madagascar and then south as the Mozambique
current betwesn Madsgascar and East Rfrica.

: The post universal feature of the current pattern is, however, the
effactive ravaraal of the northern subtropical system under the seasonal
influenoe of the mnacons. During the north-east monsocts (Movamber to April) a
wel l-developed north-east mmsomn drift of north equatorial current flows west
and produces the south-west flowing Somali current cff the coast of Somalia,
During the south-west oonecan {(Mey to Dotober) the masoon drift flows eastward
With branches flowing clodwise in both the 8Bay of Bengal and the Arabian Saa,
whare the action of the monsorn wind generates matdor uwalling of deep nutrient-
rich water off the comats of Somalia and southern Cman

The movament of water passes modifies the effect of climate on the
tepperature and salinity of the ogean. Over most of the Indian Ocean surface
temperaturea vary betwaen 25°C and 30°C, but because of the direction of
circulation, the western parts of the oosan are genarally warmer than eagharn
parta at the same latitwle. Annual variation is relatively small, only 2-37C,
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through much of the East Asian Seas region, but increases to 4-8%C in the
Bastern African region, where temperatures drop during the south-westerly
oonsoon period. However, the most dramatic drop in temparatuare ocours in the
Arabian Sea off the cocasts of Somlia and Oman where the anmual upwelling brings
clear, oold, mutrient-rich water to the surface, and locally temperaburss fall
to less than 187C (Currie et al, 1973). The Somali and South Arabian upwWe Liings
account Eor the highest leveYs of productivity found within the Indian Ocsan
(Fagoones, 1983).

The temperature regimes of the Red Sea and KAP region are slightly
different from those of the rest of the [0R. In the %ed Seg average annual
surface water tepperatures decrease uniformly up the Red Sea from 269 in the
south to 22°C in the north (Morcos, 1970). Similarly in tha KAP ragion
temperatures decrease tothe north falling to a minimim of 15°C in late wintar.
Mean annual variaticn is approximately 7°C both in the northern and southern Red
Sea and in the Gulf of Agaba., However both the Gulf of Suez and KAP regicn are
muchs shallower, and surface and coastal waters ara subject to wide Ltemperanixs
changes in response to daily and seasonal climatic variations, meapn apnual
temperature variations being about 11°C and 17°C respectively.

Surface galinity-over about two thirds of the IOR, is betwsen 3% and Jemht,
hut in the north-eastemn quarter of the Ocean salinity is depressed as a result
of high rainfall and input of freshwater frem the land, especially during the
{south-west) monscon Through mich of the East Asian Sass region, and alas in
the nerthern Bay of Bengal, salinity averages between 30 ard 33ppt. Similarly,
in the coastal zone of the South Asian Seas and East African regions salinity is
glightly depressed by rainfall tm lesg than 35opt.

By contrast, both the Red Sea and the RAP region have alevated salinities.
In the Red Sea salinity increases to more than 4lppt in the north. In the Kap
region, open water salinity is about 40ppt but increases to T0ppt and more
within semi-encloged aresas such as the Gulf of Salwsh {in the south-wast).
Salinities are also slightly elevatad in the Arabian Sea, being in the reqgion of
36-37ppt. -

Thiz pattern of circulation and the prevailing temperatures and salinitiss
are, in part, responsibla for considerable and highly sigmificant regional
differences 1in the levels of Key putrients within surface waters.
Concentrations of nitrate and phosphate ara very low in the well-stratified
uligntrc%hic wat_gi_rs contained within the fmthern and northern subtropical gyres
(0l 0 mg-at L PO4~Fr <1-DxbO” t1™" HO4-N}. They are genarally higher
in coagtal areas, especially near river mouths, as a result of coaatal upwelling
and entrainment. They are higher in parts of the East Asian Seas regian,
especial Ly Lo the north of Sumatra, off the south Java voaptline, and at khe
aastern end of the Indonesian archipelaga, in the Arafira Sea (Spagiarts &
Polunin, 1982). And they are particularly high during the south-west morsoen
within tEe araas of the Arabian upwelling, off the coasts of Somalia and Oman
(71.0x107 n:g-at]_'l POy-Pr >1.5x10 “mg-at 1™ MO;H) (see e.g. MeGill, 1973)

Hutrient concentraticons in the Fed Sea are generally lowar than those in
Indian Ocean waters, while by contrast, nutrient levels in tha KAD region tand
to be higher. The nutrient conditions in different parts of the IOR are a mjor
factor influencing not only the productivity of each area, and hence the extent
of its renewable resources, but alas the occurrence and distribution of many of
the differant key habitats which are oomsidered in the follewing sectiona.




OOMEERVATTOH AN MANASFMENT ATTIVITIES

Intarmational

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

andangered speciea.

=Aremgst the moat important 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 ooneern 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 Convantion for the Prevention of Pollution
from Ships, London (MRRPOL). International Requlations for
Freventing Colliszions at Sea, London.
Convention on the High Seas, Genawva.

Convention on the Comtinental she.lr, 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
Rescuirces, Algisrs.

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

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 Commissica 1987,

World Heritage Convention
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Barsar Oonwvention (Wetlands].

Man and the Bicaphers Prograrme, {(UHESCD).

Details of nations which have ratified thase aonventicas are included in
scme of the companion reports dealing with individual Regioal Seas areas.

In addition to the promotion of such legislative activities the UN and
other international agencies., in particular the United Nationa Development
Programme {UNDP), the United Nations Environment Programme (INEF], the Unitagd
Hations Educational, Scienttfic and Cultoral Organisation [UNESOO), the
Interrmtiona]l Maritime Organisation {IMO), the World Health Crganisation (WD),
the International Union for Conservation of Hature and datural Resources { IUewy,
and the World Wildlife Fund {WWF), have assisted ir marine comservation and
management activities at global and international [as well as regional and
national) levels Dy sponsoring and assisting in various relevant projects and
programmes. At this «ider level a Joint Group of Experte on tha Soientific
Aspects of Marine folluticr {GESAMP) involving the [N bodies wag establizhed in
1969 and provides advice in relation to marins pallation; ic completed the first
global repart on the health of tha oceans (IUNEP, 1981).,  And 17 1977 the
Stockholm Conference defired Farthwatch {the global snvironmental assessmen:
programme) as one of the three basic compoments of fhe Acriom Plar for the aman
Enviroament. The Glokal Environmental Monitorirg System (GEMS) is ore of the
four components of Earthwatch and the sssessment of the state of ocean pallution
ard its impact on marine ecosystems was adopted as a GEMS task by che Governing
Council of UNEF. The implementation of GEMS is acen by UNEP as a joint
undertaking of the relevant UN bodies, The monitoring of the quality of the
marine environment as a component of GEMS is now carried our through the UNER
Ueeans and Coastal Aveas Programme, regional aspercts 0 which are discussed
furcther be low. :

The IGR itsaelf was, from 1959 to 1965, the subiect of the Internaticnal
Indian Ocean Expedition, which was initiated by the Scientific Commitiee on
Oceani< Research [SC0R), but which invelved several agencies, including the
newly formed Intergovermmental OGoeancraphic Commission (IoXC).

The Division of Marine Scienras of UNESOO has also bean raspongible for
aiding aspects of merine and coastal science Ehrough itz Coastal and Marine
Froject (LWOMAn), e principal element of which 1s aimed at promoting ressarch
and training on aspectz of coastal systems with enphasis on their ecological
structure and function and their interaction with other systems. The project
alsc oollaborates in the ool lectieon and evaluation of traditional knawledge and
practices in coastal ecosyatems, with a viaw to incorporating this knowledge
inte present day research and management (UNESCD, 1985a). INESY has alss bean
especially invelwved in training activitiss (workshops, training courses, ato)
related o research on and management of coastal habitats, its regional
Programmes assisting in the developmant of groups of scisntists and mnAagers, in
particular in relation to the management of manqrove resoarces.  Of particular
televance to the IOR, as well as other tropical regirns, have bean Workshops o
menitoring, assessmert and management of coral reef ocmmunities (UNESOD, 1983;

L384%), and mannals on research methods in coral reefs (RSO, 1978}, mangroves -

(MESCO, 1984a) and seagrasses (UNESCD, in prep.).

10N, in addition to assisting marine ronservation projects within
individaal councries of the IOR, has developed international programmes of
resparch, in partioular on threataned species {e.g. turtles. retaceans],
promted awvarensss of rEnagement problems, especially in relation to critical
habitats such as mangroves [e.o. TIKN. T9A1  amrdA ameanecarad coee faeaoae - o K



publications related to the establishment and maragenent of protected marioe

aread (a.g. McNeely & Miller, 1984; Salm & Clark, 1284). In conjunction with

UNEF, a meeting was convened in 1979 which led tx the establishment of the
Indian Ocean Whale Sanctuary: this in turm led to a WWE/TUCN research programme
ot Indian Ocean Cetaceans, focusing on the sperm whala

loral

Action plans for the protection and devalopmant of the marine and coastal
areas of sach of the regions are incorporated in UNEP's Fegicnal Seas Programme.
As an initial procedure, reports for each of the countries within a region were
talled for, allowing the existing environmental status to be evaluated.

Co—ordination of all Red Sea and Gulf of Aden activities is the
responsibility of the Arab League Bducational Cultural and Sciantific
Organisation (ALECSC), which, with support from UNEP, provides the intarim
secratariat for PERSGA (the Red Sea and Gulf of Aden Envircumspt Programme] in
Jeddah, Saudi Arabia. Eight countrias in the region are members of PERSGA.
Since 1976, a number of Sympoaia, training courses and workshope have been held
with support from UNEP and UNESCO, and FERSGA has provided support to member
comtries in the astablishment of national marine sciance instititions, and in
surveys and planning for the amservation of management of coastal and marine

The KAP {Kuwdit Action Plan) region encompasses all the states of the Gulf
and Iran, and has a secratariat, the Regicnmal Crganization for the Pretecticn of
the Marine Environment (ROPME), in Kuwait. The action Plan iz directad in
particular towards combating pollution and establishing related ressarch and
monitoring programmes. With support from UNEP and UNESCD a series of workahops
and training schemes have been held, and two Tegion-wide mnitoring programoes
initiated for oil and non-oil pol lutants respectively. HOPME has alsc supportaed
a saries of ecological studies in countries of the region, carriesd out in part
with the assistance of [N, and has established the Marine Emargency Mutual Ald
Cantre (MEMAC) based in Bahrain, dasigned to give rapid response to oil
disasters.

In 198] the five member states of ASEAN (the Assoclation of South—East
Agian Mations - Indonesia, Malaysia, the Philipwines, Singapore and Thai land)
adopted a cooperative programme to ensura that envircnmental considerations are
incorporated into all aspects of eowwsyic develoment within the region. The
Action Plan for the Protectiom and [evelooment of the Marire and Coastal Areas
of the East Asian Region i3 incorporated in the UNEP-aponscrad Regional Seas
Programme. The foundation for the development of the Actien Plan wag laid at
the International Workshop on Marine Polluticn in Eaat Asian waters, held in
Panang, Malaysia in 1976, since when a saries of workshops, seminars and
mnferences have been held.

Althruagh the Bastern African Acticn Plan has not yat beoty finally adopted
by the atatea of the region, it has been adopted in draft form along with its
guidelines and objectives, and progress has baen made through workshopa and
pProjects.  The coovention, protocols and plan of action for the Eastern African
region are due to be concluded during 1965,

The South Asian Ssas ragion was established by UNEP Governing Council
decisicon 11/7 in 19683. It inclodea the marine and comstal areas of Bangl adesh,
India, the Maldives, Pakimtan and Sri Lanka, although tha precise gecgraphioal
coverage of the region has not yet been defined. In March 1984 » mastine mf




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.ru:l
marire maumals, 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 summariszed, 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 pattemmn 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 considerably 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 areas 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 variaety
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 Ressarch
organisation. More recently some counkries have moved to establishing Haticnal
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. Kemya, La Reanion). Well-—establizhed
national envirommental agencies assuming reaponsibility for the marine
snvironment 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 maticmal plan include Egypt, Malaysia and
the Philippines. A priority task for these agenciea has in most cages been the
devalopmant and enactment of a comprehansive and up-to—date set of standards
controlling emimsions, Jdischarges and impacts in the marine environment (such a=s.
recently, for example, has been prowolgated in Saudl Acabial.

Brotacticn of the marine environment also requires 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
siocks of fish and ipvertebrates. The establishment of marine parks or
protected atreas is one measure which may assist with these chijectives and with
thae promotion ardl safesuarding of radreation arnd tourism Approximataly half of
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been established {e.g. Djibouti, Egypt, India, Iran, Rernya, Mozambigue, Oman,
Sri Lanka); in a second group of countries a rather larger number of marine
protected areas has been declared {e.g. Indonesia, Malaysia, Fhilippines,
Seychelles). Some other countries are in the process of establishing their
first marine parks or resarves (e.q. Cormores, Jordan, Huwait, Sudan, Tarzamia).

Hiowever, it is considered that as industrial and urban devalopmant Jathers
pace it is essential to move in the direction of establisking comprehensive
woastal zone managemant plang. These should include a coastal zoning schems
incorporating a full network of marins and coastal protected areas {including
resgurce regerves and nature reserves as well as miltiple use marine parks).
Countries developing such a policy inelude Indonesia, Philippines and Saudi
Arabia. In some comtries national conservation strategies for terrestrial and
marine envircnments are being daveloped:; these include India, Indonesia,
Madagascar, Malayeia and Cman

in addition scme comtries have been able to establish specific Lovg=tarm
marine conservation projects concerned with the study and protection of
particular habitats or spacies. These include:; Indonesia — mangroves; Oman -
turtles: Philippines - ooral reafs:-Sri Lanka - cetaceans. TMarther reference to
such studies or projects is included within the sactions daalmg with particular
habitata, species and rescurces, either in this report or in the companion
reperts Jealing with the individual Regional Seas arsas.
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FESOURCES, HARITATS ARND 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 £01 lows:-

Crngtal 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
Mezasjrique current Tegion Diadooe
Eyaatorial carrent reglon Mnoflagellates,

coooo 1l thophor s

Sourthem subtropical gere DinoZlagellates

In sMition, Yw #nclosed seas of the Bad Sea and KRP region might be considered
as gmparate arwss Eince ip each, a3 indicowed ahowe, oosanoqraphic ooditions do
Aiffer Qixtinctly from those of the Indian Ocean proper.

Sidh compariasra indicate that, in general, diatoss tend to predominate in
the more productive ragions. For axample, Subrahmanyarn and ‘Sarma {1960}
dascribed that 7¢-B0% of the phytoplarktonic bicsess in Indian waters could h:
acccanted 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 alga, vwhich bloms 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 Eix 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 subtropleal
gyra. In addition, alightly different asssaszsments 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 Intermational Indian Ocean Expedition (Kabanova, 1968; MHolseevw,
1969; Erey, 197); Cushing, L1973). During the south-west nonzoon primary
productiviey is mach the highest within the broad arc of the northarn Arabian
Sea. stretching frowm Somalia to Western India with. off thw south-east ocast 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 particoclar falling off markedly with the seasonal
cessation of thf a‘I‘ﬂLan upwelling. Howewver, moxlerate 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
reqicns' of the northern and southern suhtmpmal g-_,vre: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, but in inshore waters planktonic
productivity is often limited by elevatad =alinity. Since the asa 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
tishery.

Elsawhera in the Indian CGeean the majsr open ocean fichary is for tuna,
using long-linas ar pursa seines: this s largely operated by international
fishing concerms the majority of which are based ocutside the ragion  Also, 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 offsnore banks of Mozambigue, the Saychellss and the
Mascarenea, sailfishes and billfishes are caught in particularly large mumbers.
These pelagic fisheries are discussed in further detail in a later secticn

Also asscciated with productive open 3ea areas of the Indian Ocean are a
grove of animals of particular soeial and scientific significancs, the whales.
These too are considered in a separate section below, though here it is relavant
that the major conservation achievement affecting the cpen sea habitac of the
region has been agreement in 1979 to the Indian Jcean Whale Sanctuary, which
extands from 20”E to 1307E and south to 5558,

The principal threat to the open sea environment ciearly arices from
mollution, althoudn recent assessments have generally concluded (IEP, 1983
GESAMP, 1382} that, linked to the comparatively low levels of industrial
activity around the region, concentrations of most pollutants in the open ocean
are not yet apprcaching levels where they are likely to have a major impact o
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 hydrocarbons
in surface waters, appear to have been incressing. This pollution is relatad,
in the KAP region and the Gulf of Suez, to prodoction from offshore oilfields
and, throughout the Indian Ocean, to the shipping of axmsiderable qu.antlt.les of
9il from the Middle Zast. In the Indian Ocean proper oil pollution is most
conspicuoous along ad in regions adjacent to the main tanker routes, which run
either eagtwards off weatern India to Australia and tha Par Fagé, or waeghtwmrds
past southern Arabia and around the coast of Africa. Thos over 12 years 21
individual spills of more than 160 tones were recordad .o the Eastern Africa
regicn {see NEP, 1902}, and tar balls, previously wmnoticed, are now abundant
along the ooasts of India, Samlia and Oman (see, for example, Tharqalkar et al,
19771, It has bemn estimated that 32,440 rAnnes fuaar ava nmwr A 2charaad 1 0nEa
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In recent atudies mean ooncentrations of dissolved petroleun residues in
surface waters of the Red Sea, the FAP vegion, and in areas of the Indian Ocean
around the tapkey routes have generally been found to lie between 25 and 50 371
(see, For example, Sen Gupta & Kureishy, 193L) that is, at levels distinctly
ahove what are pragmmed to e normal backgreoond leavels, bar at oomrentratriong
e low thiose which are yet known to affect any organisms. Hosever, in sofme areas
concentrations of over 250 g/1 have been recorded and these are approaching
levels that have been reported to affect more sensitive organisos, including
gome fish and invertebrate larwvas. Moreowver, it should be noted that there iz
avidence that low level chropic oil pollution may have more saricus lowg-terts
environmental consequences than do very occasional large oil spifls [Tova &
Rinkevitch, 1980). _

Major il spllls, however, in addition to causing extensive contauelinatice,
can cause direct impact, not only o the lictoral Zzome in areas where they may
come achors, Dat also to seakirds and air-treathing marine vertebrates presett
in the open sea. With an estimated loss rate of 4000=5000 barrets a day, the
spill from the Mowiaz oil field off the ccast of Iran, which began in early 1983
following damage to three ail platforms, was the largest spill tc have occurred
in the Indian Ocean regicty, and the sscond largaest globally, being exsesdsd cnly
Iy the IXTOC | release. During the ¥owryez spill considerable mortality of
dugong, tartle, sea shakes and seabirds was reported from the sastoern ooastline
of Saudi Arabia, though some uncertainty remains as to whether the spill itself
was the pause [see THESDD, 1935h).

Whataver the ewtant tn dazte of damscge to marine life and rescurces in the
cpen coean, caused by oil and nen-6il pollution, it is evident th#t, giver the
rapid pace of ipdustrialisation, a regular and standardised monitorine of levels
of oreanic polluticn mast be sustained throughout the region. It is even more
wital that controls to regulate and minimise release of pollutants be enforoed
at oth national anpd international lewsl.

Cesp Sea

Felatively little i= known of the deep sea fauna of the IOR, although deep
222 habitat is widespread except within the enclosed EAP ragion.  The
distribution of abyssal substrates may be summrised as follows, Lava and ash
accumilations ocouwr in the mid-ocean volcanic areas, Red clay predominates mn
the floor of the eastern Indian Qcean south of N, and also ocours in soma
arsas sast of Madacgascar, and west of India. Globingerina ocze predominates in
the wegtern and north-eastern Tndian Ocean.  And terrigenous sediments, mainly
kaclinite, ccoour close to land around the margins of the Ocean althoogh in more
arid areas carboracecua sediment derived from corals and other benthic organisms
may predominate.

Enowledge of the deep benthos of the ragion has been summarised by Heyman
et al. [1973). In gemaral the benthra of the Indian Ocean is far lesz rich than
that” of temperate regions and Soastal zones. Its biomass miﬁrars the
productivity of the overlying surface watears and is lowest, <@.053.07°, between
Madagascar and Western Australia, beneath the southemn subtropical gyre, and
alan Teneath the northern suptropical gyTeg between western India and Eastern
africa, and in the Andaman Sea (0.05-0.19.m “). Apparently mean bicmass is lass
*han 2.75g.m™* at all deprhs below 1000m (Beljaev & Vimogradowa, 1361). Benthic
productivity is greater in shallower nearshore regicons, the higher mean values
{10-50q.m ) of biomass being found, as might be expected, on shelf areas in the
northern Lrabian Sea, aroud Java and Suwatra, and in small aress off the mouths
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Red Sea the hath}rpelaglc zone is desert-1ike {Helkart; 1952}, Aret168tivh of
the very low open orean prnductw;ty in this area.
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The deep fauna of the [OR is apparantly dominatad: by pcl}.rchaetes,

principally suspension feeders (e.g. Serpulidae), especially’at graéter ﬂePﬂus'.'

Arthrooods {anpmpnds isopods, decapods and c1rr1pe&as:| and’ spiinges “ ata alsc
important, more o in leas deep water, ’H‘hl le mn:-]. luscs a.mi echmcﬁerm _are_
relatl.'.rely sCAaroe {He&man et al., 19733, _ : " - B

Whi le benthic profuctivity may bhe very lm. s0Mme’ areds’ of - i-_‘t'ue IGR pcssess'
extensive and largely unarpleoited stocks of mesope Tagid £Lak, mcurnrig"at‘_

deéptha bBetween 100-350m Hotably the north—west ‘Indmndcean includes fhe!
greatest abundance of mescpelagic £ish anywhere l.n the wor 14,  witH aatimated

~blopasses of between 60 and 150 millisoh tomnas in the northern and western

Arabian Sea and between 6 and 20 million tonnes i the: Gul £ af " Bmanh - {aae
Gifsaeter, 1984). The dominant species in many nf the c‘atchas appears ‘£h be’
Benthosems ptercta, but other members of the families G.:m:stmmdaé Hyctqftuﬁae
and Bragmacertoides are alzo well represented- However, -the'aml] size of thesé
SpeCies prasantg a d:l.ff].cl.llt:,r for the econcmic E:plcl.tatim r.:f th:e 'flﬂhé:r'f

A second exploitable deep sea 51‘.0(2]'{ is represer‘ltéd T t:he tﬁiep Eea! 1oﬁater
Peurulus sewelli, and related apecies, which ocour at 200‘to 6000 ot Yemaf:
Scoalia, Kenya and the west coast of India. - The predicted Sustainable yieid &t
Yaman, for ayampla, iz rep:urted to be 200 tCnms of tillls per Annum I{aee venﬂma,
1984}, -

REREE S

At present no deep Sea areas arg mnaged or prct'eétéd Emi s'l'gﬁi'flcarit

-impacta requiring requlation may arise in the future from déep sea mining’of

minerals as nodules or as metalifarous brines, or £r'om deep Sea diaposal of
highly toxic wastes or of radicactive materials. The moét pértinent’ s¥ample S
a threat of this type is provided by the planned exploitation of -the mirieralised
muds present withip some 15 deeps in the centre of the Red Sea. A pre-pilot
mining test conducted in 1979 appeared to confirm the feasibility ofisicha
process, and a pilot mining operation is expected to be initiated in the hear
futura (see Lange et al., 1980; Nawab, 1984). The prircipal impacts anticipatad
from fullscale mining are likely to e alevated haavy metal  oorewritraticons -amd
increased tarbidity, both as a result of the mid-ocean dispos.l of the*mning
tailings. The Saudi-Sudanese Ded =a Joint Commission have supported a major:
research affort directed at ninimising the inpact of the mln],ng {A.bu szmn,
1984).

Cpen Soft-Bottomed Habitats

Opman mft—b:rttumd h.ab1tata incloda both nea.rs'rme seahad ' Araas dnmmtad
by sand and 311t, and alsc sand and sand-mid beaches on open coasts, whoard
typically wave action restricts the settlement af fiher particleag of -of
detritus. Two common categories of soft-substrate material may also be
distinguished Terrigencus sands and clays predominate in the South Asian Seas
region, on coastlines influoeancesd by input from rivers in the Bastern African and

Eagt Asian Seas regions, and also in the “orthernmost part of €he KAP region:

Geperal ly coarser calcareous sediments | "edominate in-the Red Sea and KAP
regiona, ~nd in the reef fcm:l.ng arsas of .ne EElEtE‘IH &frlcan anﬂ E'.ast P.slan
Sang regiona.

In shal low soft-bottoned seaabed areas plant ang animal Somsuni® ies are
richer in species and have gremter total bicmmas than -do -ih ‘dedper  waAtALS:
offshore. PBiomass values may reach several hundred gun™” (Heyvman et al., 19730,

™,



levels between 80 and 150m attributed to the effect on the oxygen minimum layer
fEllg.a.rqv,: 196a). C ) '

In shallow geabad areas mol lusecg, pspécially gastropods, apd £o a lasser
extent ediinoderms -become predominant along with crustacea. where there is an
admu:ture of Coagset materials . or occasional stones and boulders, sponged,
barmacles, br}*f.‘:mans anemones and ahermatypic and even hermatypic coral may
also form a s:.g;ufr.r:ant mmpcnenb Where howewver sedimentation is heawy,
epj.t:enmlc Organisms seem scarce save for a sometimes increased ocourrance of
ophiuroids (see, for example, Seibold, 1973} In the immediate sublittoral zane
2. sand- 5111.: bottoms there is frequently a characteristic invertebrate
asse:ni::lage dominated by b:.valvea guch as Macoma, sand dollars such as Clypeaster
humilis ard Echinodiscus. spp., detritivorois holothurians, Holothuria ap., and
praﬂatory gastrc:p.x.‘s sach, A= Nasgarins cormmatus and Oliva Bulbosa (TN, 19855,

In,tert 1da1 c::-a:se sandy beaches; such as Dccur oan coasts exposed to the
full swell of.the Indian Ocean, have a very limited flora and faunpa, this
bg;:ause of the thh mobility of the substrate and the absence of detrital
IIIat‘.E]'_'lal which i5 kept in suspension by high wave snargy. Mevertheless, a
modest mmfaj.ma iz pr,:ubabl}r Fresent, certain diatoms oolonise patches of sand
in some areas, and some specialized mcrofauna also surviva, such as the species
of Bulliaz, a predatory whelk which use its foot as a sail to be moved up and

.ghore by the surf. Sandy shores also provide vital nesting grounds for
rrarme turtlm {see ]::,-Elm}

'The primry prLﬂLictivi‘:y of nearshore shal low water soft-bottomed habitaks
in the IOR appears rarely to have been estimated, but is certainly relatively
low. . Scattered mycrpalgae may occur attached to rocks and larger pebbles,
espemally in depths of less than 30m  Secondary productivity depends in part
o detritus derlved frcm planktonic productivity or imported from adjacent
areas. . Neverthe less these soft-bottomed habitats frequently provide significant
E:.s;h:."lg grounds Zince they are suitable for trawling, and there are moderate
stocks of a wide variety of fish apecies, both detritivores, such. as the
goatfishas [Mullidae), and predators of benthic invertebrakes, such as the
emperors (Léthrinidae). Trawl fisheries are particularly significant in.such.
azaaa when, stocks of commercial penaeid shrimps are present, as in the KAP
region, off .the west coast of Madagascar, the west coast of India and in the
north: eastern Bay raf Bengal. These fisherias are ameidered in further detaij}
oelow. -

Intertidal codrse sediments (i.2. sandy boaches) are principally and
increasingly important for their recreational and genera® environmental walne,
at at the same time they are in-:reasingly subject to & series of impacks. They
are axploitad for construction material such as sand and gravel, and for
minarals {in Thailand, for example, for tin). Coastdl construction work man
result in downshore beach ercaicn.  And pollution by oil tar and other rubbish
dairagts, AomGiderably from ay. recreational potential. In the ICR aven heaches
remote from the tanker lanes, for exampile in the Seychelles {Ferrari, 1383), are
recelving mcrea,sirng quantities of ktar,

Open cnast snft—bc:-tt’;ured habitats have also 2eeh affected by inland soil
erosion, particularly in the Eastarn African and East Azjian Seas ragions. . In
Madagascar for exanple as mwch as 250 tonnes of soil per hectare is being washed
away every year (Randrianarijaona, 1983}, Rivers carry greatly incr-asad
sadiment loads to the saa where deltas have been expanded and down—current
coastal areas subjected 0 inerasassed sediment loads. At Malirdi, a major Kemyan
tourist centre, such. sediment brought to the ooast by the Sabaki river; has been
dﬂpomted o previous Ly s.a.mig.r bx2aches resulting in oonsiderable beadi accreticm,
reportedly a5 mich .as 300 in- the last 10-15 years (Firrn 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 mcre
ptctilctn!e habl.tatn. mnmdered below, are damaged or degtrcr_,red. -

Sa.ndy aren a.re m:rt 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,

Eﬂclmad Softﬂtmed Hab.:.tats

Enclr::aed soft—bm‘.tomd habitats include enastal lagoons, mudeats and
shallow mi~silt bottoms in procectad tays and estuaries, and lagoms associated
with ooral reefs. In the IOR mra.tively fow studies have yet ococentrated 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: areaa are especial ly susceptible to damage and dﬂ-ﬁtﬂlﬂtlm
reau].t:.ng f:r:cm industrial and residential development- .

_ Ekmlmed sc:ft-hatt::md mihetrates are mwt profuctive and moat su.g’u.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. TFor example,
on intertidal flatg on the east coast of Saudi Arabia, Basgon at al {1977)
d;utmgumh tlmea zrnes: an algal mat zone irhabitad by mary smll gastropods,
oetraccds, nematodes, flatworms, copepods and oligochaetes;. a Hacrnphthalm
zone, in which the mst oomspicucus invertebrata is the crab eggus, ub 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 asaociated with a high senmﬂary

n;h:cti.nty as .ig well-kwn from studies in temperate estuaries {(eg. Warwick
et al., 1979) where detrital material prow.des food for huge. numbers of
crustaceans, molluses, .and apnalids. Thase 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 2449.0.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 areas {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
bgttums pruv:!.:ia cnt:.!:nl areas in which much of the primary production from
adjatent mangrove and seagrass beds is converted into valuable setondary
production, and thos supports atocks of many important comwarcial fish. guch as
rabbitfisn (Sicanus sce.). goatfish (Mullidae)l and emcerors {fathrinidasl. In
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the Eaat Agian Seas region in particular, madjor fisheriés are davalapsd in
estyarine areas. BSuch estuaries and bays also provide 'GRICIEI nursery- grourds
for othar fish, for example, varicus species of snépper “Lut-aiidae); ‘and.
especial ly for commercial shrimp, notably Penaeus semisulcatus in the

region, and Metapenaeus kutchensis in the South Asidan Saas rEgiow -7 o

S nan Bt G
- HE RO

Coagtal lagooms, behind bars and barrier ialamds) and to &-lésdar dxtant”
frirging reef lagoons, may also be relatively productiviel” “However, thé pritesy’
and secondary productivity of ocastal lagoons and enclosed bays ia, throughout
the Indian Ocean, extremely variable. This is so becauss of the extremes of
salinity which may ocour along mny more enclosed shobis)inss ™ EEpari a1y within
the KAF region and the Red Sea, many semi-enclosed hays and creeks have elavatad
gsalinities and temparatures as a result of the hot-ETimate 'and high ratés of
tharmo—avaporation., s A R

#eloh AT TR AU e

Thus in a recent study of the long cdreeks (kndwh™locally as shaims &hd’
merzas) which cocur an both sides of the Fed Sea (IUON,” 1984a) " it was" found thafh
in moderately shallow water (l-3Jm deep) to-the ¥idés of- briader ‘merkas,
salinities pay be increased to 45-48ppt, vhile enclosdd-areds’ at “the “ihnermost-
parts of ‘mersas salinities of up to 50-70ppt ware recdrded. ~"Tha kiost salina’
lagoon areas were completely devaoid of marine 1ife Buf i1 mors eqiitabla” driasd™a-
variety of fish and invertebrates were comm The invertebrates included mst
significantly juveriles of three species of commercial Shrimg, of “whith tHa® most
dbundant was Peraeus sepisulcatus.” Such bays and mersastaié koow 10 ‘Serve: is
nursery areas for thesé Speciss of ahrimp (Branford; 'tesiy* and’ probably ‘ds 8
in pany areas of ‘the [OR. Also presant were varisis commerzial”fish ‘specias-
including especially mojarra (Gerridae), silversides (Atharfnidag); ‘grey’ millet:
{Mugilidae) and juvenile emperors {Lathrinidae). As ‘coéiudéd by Baries :(1960)

=T

many of the most abundant lagoonal species, both of fish and i yértébrates,

appear to be generalist conmumers of detritus, benthic” algae and epighytes, -

Experience indicates that in the I0R as elasvhera enclosed soft-bBartonsd
habitats, coourring in lagoons, estuaries, creeks-and small bays, are especially
quscaptible to a wide variety of impacts. Such enclodisd ‘or partially ericlosed
areas are particularly liable to ba affected by coristruction work, because they
are elther potential harbours and boat channels, or aré easily infillad; and.
they are attractive Locations for the siting of private residences or dombersial”
tuildings, and serve as a ratural focus for recrearicral’ develdpeishta, They are
alsoc especially susceptible to pollution because of their reduced water
circulation, so that pollutants discharged into them £énd tocancentrate there.
Bagides industrial discharges, private houses clustered aromd a creek tend to
be milt, in the absence of any regularicng, %o as to discharge their sewage and
waste into the creek, a practice which can easily rasult in lobal
eutrophication ]-::fj the KAP region in particular, coastal infilling on a large

scala (tens of has been respensible for the destructich of larde areds of

- productive soft-bottomed habitat. While in the East Ksian Seas ‘region,

especially in North Java, South Sulawesi and Sumatra, ooastal lagoons have Béen
widely converted for aguaculture of milkfish (Chanca chanos}, Tilapia and
catfizh (Puntias javanicus). ST T

Estuarine areas are also affected by pollutanta being brousht dowm river,
aspecially since many of the region's main citims, in whish industrial activity
tenda to concentrate, are located on major rivers. Thus, for exampla, it is
estimated that as a result of pollution only 10% of the cockle farme on the
Petchaburi River, Thailand, now produce yields within tle noraal ‘range
(Piydkarnchana, 1980). Also in the Eastern African regicn, important eatuaries”
my be threatened by amstruction of upetream dawm, which result in a decrasse’

in sedipentation and erosion of the river dalta {sae Finn,’ 1983).
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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 ary 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 andd 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, and determined which areas are moot critical feor
fisheries and wildlife. )

Mangroves

The axtent and development of-mangrove stands and forasks varies
considerably acroes tha riagionn They reach their fullest extent within the East
Agian Seas region. Indonesia possess 3,806,119 hectares (although 778 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, 146,139 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 delta 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 anong the leaat
disturbed.

In the KAP region relatively faw stands of mangrove survive except in Iran,
but in the Red Sea patchea of mangrove are scatterad 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
mangrove (TUCH, 1984a, 1%85)--

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
amstern BangTadeah are essentially =imilar to those of Malaysia (Snedaker,
1964), whereas on the west coast of Indla the mangrove areas are dominated by
Avicennia marina and Fhizophora mugronata, 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 &t al., 1977) and this is also the principal speciaes in the RFed
Sea, although very occasicnal stands of Rhizephora micranata also ocaur (Zahran,
1967 TIH, 1984a), mainly towards the aoath, and lera %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 conaiderable value and have hean increasingly heavily utilised
in many parts of the area, especially in the East Asian Seas and South Aslan
Seas regions. Coastal pecple have used che wood for fuel, fishing stakes and
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fodder and in the past the bark of Indian mangals has been used far tannip
productions. One or two species produce sdible leaves or fruit. I[IKN's review
{1983a) oo the global status of mangrove ecosystems liats nearly 50 products in
all that are oitainad from mangrove forest. Most racently mangals have been
heavily nsed for chipbrard production. In Indonesia, for axample, the combirwd
export and dowestic value of all mangrove forestry producta was estimated in
1978 at about US$26 millien.

Besides their direct value, mangrove areas are increasingly understood to
be of immense value because of the othar natural resources, in particular
fisheries for fish, crustacea and shellfish, that they may provide or sustain
Apart from fish or crustaces chtained from within the mangrove (For exarpla, the
gergestid shrimp, Acetes spp.), mangroves are essential nursery areas for other
commercial figh and shrimp species (MacHae, 1974). The proeductivity of the
marine prawns Fenaeus merguiensis, Metapenaeus monocercs and Matapspaeus
brevicornis has clearly been related to existing mangrove areas [Dvar & Haamin,

- Mangroves alsc directly support much nearshore fish production, leaf
fall from mangals teing exported to sustain a large population of invertebrate
detritovores and their predatora, including mamy commercial fish species. In
the Philippines the major fishing grounds are gensrally located near areas
bordered by mangrove (Gomez. 1980), and by way of oomparisom, it was estimated
in 1970 (Robas, cited Walsh, 1%77) that one acre (0.405 ha) of undisturbed
mngal estuary in Florida ields USS7,980 worth of commercial fish products in
20 years. In Indonesia, the combined exports and dowestic value of .mpgrove—
linked fisheries products in 1973 was at least USS194 million (Salm & Halim,
1384] . :

Manqroves also support many species of non-commercial plants and wildlife
For exampla ITCN (1983a} indicate that aver 300 spacies of plant and over a
thousand specias of marine invertabrates and vertebrates have been recorded fram
south-east asian mangrove areas. In addition, 177 birds and 36 species of
mammals have been reported in asagciation with mangrovas in this area. More
conspicucas species of scientific interest and conservational value include
estusring crocodiles, many water birds and the rare Roval Bengal Tiger, fomd in
the Sundartan mngroves of Bangladesh and India

&s rapidly as the enormous direct and indirect value of mangroves, in
sustaining a wide variety of renewable resources, has come to be appreciated and
andevstood in recent years, the loss and deatruction of DAngroveas appears to
have proceeded faster and at an accalerating pace. Mangroves have been loat
frow increased presaure of cutting for fuel and timber, related to the rapid
grawth of human populations. Mangroves are cleared, drained and/or felled for
agriculture, residential or commercial development. They are cleared for
convarsion into fishponds. And inparticular in recent years large areas of
mangrove forast have bedn felled for conversion to chipboard or paper, gerwral ly
for eaxport to indestrial nations ontside the region {Macthae, [074: Speglarto,
198¢). In the past, forest managers have frequently cropped margrove on a 16 to
G yaar silvicultural cycle, but increasingly timber companies, {particularly
Japanese|, appear to be felling large areas with 0o regard for eithar
traditional or recommended silvicultural practices.

Thus in the Fhilippines the area of mangrove has decrsased fraom 413,990
hectares in 1367 to approximately 146,139 hectares ir 1978 {NEPC, 1943). In
Indonesia an estimated 700,000 hectares was converted ko agricul*aral land
hatween 1969 and 1979 (Scegiarto, 1980). In Singapore 10-122 of total land used
to be mangrove, it only 3% now remains (MNS, 1984), In India, Blasco (1%77)
estimated that only 365,000 hectares remained, roughly half the official
estimate for 1963. Total destruction is evaen reportad over large arsas of
mgsive and relatively inaccessible stands in the Bav of Banoal (Mikharias &
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Tiwari, 1984). 1In Western and Southemrmn India, much of the originally axtensive
manqrove has been remsved (Untawale, 1984 Krichnamorthy & Jeyasealan, 1984).

Even where mangroves repreasnt a sgarce resource they are being lost
without regard to their value. Over half of the mangrove stands on the Saudi
Arabian notth east ocoast have been infilled for housing or industrial
development 1n the past ten to {ifteen vears (I, 198Z2),

Mangroves have also been subject to other impacts. Tin mining, followed by
conversion for salt production, appears to have been responsible for most
mangrave leas in Thailand (Piyakarnchana, 1%80). The Sundarbans mangroves
e00system has teen saverely affacted by the Farakka Barrage, which has divertad
waters of the Ganges; as a result flonds, soil toxification, land instability

~and pest infestations have increased, while fertility, water guality,  forests

and fisheries have daclined (IUCN, 1983a). 0il spills from the sca, or other
pollutants brooght down river have alss resulted in axtensive defoliatieont and
death of mangroves (Soeglarto & Polunin, 1982).

Management policies have been develcoped in many countries of the region in
rasponse to this rapid loss of natural resource=. In Irndonesia a 50-200 m.
graet bhalt should be retained along the coast (Soediarto, 1980). Similarly in
the Philippines a bel: of not less than 100 matres facing the sea muist ha
excluoded from fish pond construction {HEPCZ, 19B3). Reserves, sither strict
reserves or forestry reserves, have besn established in Indonesia, Brunei,
Malaysia, Thailand, Bangladesh and India, either specifically to protect or
mnage rangrove areas, or in which mangroves are an imgortant elamant.

Fowaver these reserves cover anly a smell proportion of mangrove areas and
felling or other impacts are making inroeads into these areas. The Klias
Mational Park in Sabah was actually degazetted in L1980 for timber exploitation
Al in general, even whers mnagement policies have beean formulated theer hawve
frequently not yet been fully implemented: this may be partly because of
‘rappant violations' Ly comercial cperators (WFEPC, 1983) ard partly becsuse of
the difficulties of restricting access to mangrove areas and preventing
unauthorised uae or damage. Even within the best managed forest reserves there
my have been a decline in productivity and timber production (Gomez, 1980; Gord
et al., 1980} although the reasons for this are not really understoed

The continuing decimation of mangrove resgurces has already stimulated
concern and actiwvity internationally and regicnally. In 1%78 SCZOR, in
oollaboration with UNESCD's Division of Marine Sciences, estakblished a working
group on Mangrove Ecology. In 1980 IUCH also established a working group on
Mangrove Ecosystems to collate existing infoermation for usa in quiding the
panagement and conservation of this natural, resource. Cooperation of these two
groups was partly funded by THEP and WWE.

Within the ASFEN region detailed mational reports and an owverall reqional
report on "The Fresent 5Status of Mangrove Foosystems in Southeast Asia and the
Impact of Bollution' were mublished by FAQ/MEP in 1980,

BEST egpwcially omtinue to ba active in promoting activities related to
mngrove research and mnagement, including mangrove mapping by remcte senaing,
a UNEP/UNESCO regional project on sedimentology in mangrove aresas, and tha
devalopment of a network of mangrove manmgers and sciencists in the Indian
Tomarn . . .

The major concern for mangroves, both within and beyand the region, muat be
for the extremely rapld dMrect destruction of mangrove areas that is now

—_———_—— A . o —_——— O v v o - —_— T - -



B N Tt S

- 20 -

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 lopssd
atands in remcte areas. The loag=-term enviroonmental) and soclo-economic
repercissions are predicted to be considerable, bubk 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
smemrising the urgent action required 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 ecoeystem

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 enforoesd.

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 Ha.tim:al Mangrove Resource Management
Flana by Hational Mangrove Corcmitiees:

3. The develcpment of an extensive programme to craate
© awareness of the value of mangrove rescurces and
conservation ammng decision-mkers, managers and asera;

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

SEEMQ

In all, about 15 mpecies of seagrass of 7 genera area belisved 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 +n be Halophila stipulacea, Halophila
ovalis, Halodule uninervia, Thalassia hemprich(l, Cymodooes serrulata, Enhalus

accroldes and Syringoiiom 1soetl o LLUn

11 spacies, of which Thalagmia %idﬁ.i is the moat widegpread, have been
racorded in Indonesia (Soeq.arto & unin, 1982}. At tha other end of the
reqion 9 species have been recorded from Eastern Africa {Almem, 1984) and tan
along the Red Sea coaat of Saudi Arabia {Aleem, 1979; IUCH, 1984a). Fewer




- 21 -

Mauritius, although some of these are nevertheless aandant arcund parts of wewry
of the higher granitic islands {i.e. the Seychelles, the Mascarenes, the
Andamans and the Nicobar Islands). There are also large seagrass beds in
southern India and in the numerous estuaries and embayments of Sri Lanka.
Around the periphery of the region, under ccoler or more saline cenditicns, the
marber of species may be reduced. Only three species, Balcghila stipulacea, H
ovalis and Halodule uninervis, occur within the KAF Teglion, but there they
neverthelass form an extensive and sconomically significant habitat.

In some other areas danse seagrass beds are uncommon or not extansiva,
This seems to be true of at least some of the coast of Pakistan and of mach of
the comst of wastern India, probably because the ccastal waters are exposed and
turbid 8o that masgrasszes man not easily find a foothold or grom well.

Seagrasses are not exploited directly except tha= “he seads of Erhalus
acerpides are eaten by some ccastal people (Scegiarto & Polunin, 1987F], bat
seagrags beds are of major econcmic importance both hecause they provide
eritical nursery grounds for wany commercial species of fish and shrimp, and
more espaclally because their very high primary productivity may support
abundant. invertebrate and fish stocks in surrounding areas.

Tropical seagrana beds are Ampng ti:e most productive of ural eoosystems.
Productivitias of 0.5-16 g.C.m “day * and 500-3,000 g,r:.mll?{‘yr' have been
recorded (Drew, 1971;: Patriquin, 1973: McRoy, 1974; Buasa, 1975; Zieman, 1975)
and atanding stocks may reach several koo * (Aleam, 1984). A recent review of
the topic ia provided by Zieman and Wetzel (1980), although few estimates have
beany made for amy scagrass beds within the IOR

It has generally bean amcluded that mst of thia productivity enters the
decomposer food chain (Wood at al., 1969; Wahbah, 1983). The sansscent blades
break off and decompose, either within the grassbed or after being carriad to
adjacant areas. The resulting detritus and bacteria (see Fenchal, 1970} are
mnoumed By an abundant miofama, by spokgma, sessile polychastes, bivalves
{including pearl oysters), a wide variety of crustacaa {including commercial
gshrimp speciea} and some fish such as mojarra (Gerres spp.) and some mul lat
{Mugilidas}. Many other fish feed in turn on the Invertebrate infauna. In some
parts of the region, for example in Sri Lanka (see maps in Salm. 1978},
SeACTASAA cover mn area far in excesa of that covered by mangroves and coral
reefs, and probably make the largest omtribution to the prisary prodwction of
insbore waters.

Species thus directly dependent on seagrass 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, 1962), pear] aysters within tha KAD reqico
(Basaon et al., 1977}, and various commercial fish species of the genara
Lut janua {snappers), Lethrinus {emperors), Siganus {rabbitfish], aus and
Hﬂl'iﬁﬂi'ctlvs {goatfish] (eq Socegiarto & Polumin, 1982), The fish are often
caugnt incldentally during shrimp fishing and way even form the major part of
the catch (Manisseri, 1942; I[UM, 1983k}

In addition to their importance to the more usual fisherims, seagrasass
provide the major food source for two species of considerable scientific and
omservaticnal interast and rescorce value, the Dugong (Lipkin, 1975), and the
Green turtle (Carr, 1352; Eirth et al., 1973; Ross, 1979); juvenile Hawksbill
turtles also feed on seagrasses (Phillipe & McRoy, L980).

Given their significance t¢ the various fisheries, seagrass beds are




approximate econcmic value of the fishery generated by a seagrass dominated bay
in Saudi Arabia (Tarut Bay) has been estimated by Basscn et al. [1977). If
seagrass in the bay were incorporated intp food chains, the gstimated wvalue of
the fish yield would be US58 mi llion. If instead, grass was conwvertad at the
same efficiency (1% overall) inte shrimps, the calculated value would ba nearly
US3L2 million. On the other hand, if the seagrass was grared directly by green
turtles, at an efficioncy of 10%, the turtle yield was E:at.imm_tg:-1 bre US346
million. The value of these natural vesources is based on 1977 prices, and the
calculaticons are very approximate and largely theoretical. Hevertheless, they
demonstrate the considerable value of local biological resources which, if
menaged oorrectly, are ranewabla.

Despite such estimates of economic value, the need for protacticn and
management of mjor seagrass ] areas has peen little oconsidered. Becaugse of
the relatively inoconspicucus nature of this habitat, impacts to seagrass beds
have been mxd less well dotumented than those o other majer sarine ecosystems.
Hevertheless, logal impacts have been reported. For example, estuarine
disturbances such as industrial and agricultural runoff have damaged seagrass
beds In 5ri Lanka (Salm, 1%75), and industrial wastes, sawage discharges and
owerfishing have been reported to have led tn chapges whkich ineloded the
dastruction of a ssagrass bed in Mauritius (Frocter & Salm, 1974).

Damage to and loss of seagrass beds has perhaps been most serious within
the KAP ragion. Here axtensive seagrass beds occur in water 2-10 o deep and
support very valuabla shrimp and fish resources. But in nearshors watars,
especially in Saudi Arabia {IUN, 1982), Kuemit and Bahrain ([UCNW, 1983b) large
areas of this habitat have been lost by erxtensive land reclamation and
infiiling, by dredging to form shipping and boat channela and by =xcessive
sedimentation resulting from vpourrant infilling or dredging activities., Heawvy
sediment loads may suffocate or completaly cowver the plants, whila increased
turbidity alone reduces light levels in the water oolum and on the seagraas,
thus reducing or preventing photosynthesis or growth. The col lapse of the
shrimp fishery in the northemn part of the Gulf has been largely attributed to
the lpas of critical seagrass habitat {(Jones, pers. comm).

In view of the increasing amount of ooastal engineering and construction
work, infilling and dredging taking place throughout the IOR, it seems likely
that aimilar damage pust often be occurring slsewhere hut be unappreciated.
Unfortunately it szems likaly that whare dredging has once been carried oyt
there {2 oftan fairly permanent alteration in the nature of the seabed,
resulting in a much less productive and less diverse habitat. Iredying altars
the substrate composition in areas of seagrass bed loss to produce a matrix of
much finer materials. These finer materials are very difficult for plants to
racolonise and are much more easily rasuspended than coarser sediments, s0
perpetuating the problems of turbidity. In Florida, for axample, recslonisation
was etill neqligible ten years after the disturbance of a bay bottom by Aredqing
(Taylor & Salomn, 1%68). Even when the seagrass rhizomes themselvea aurvive
superficial dredging, it may take a year or more for theR to recomence growtil

Seagrasg beds are also being affected by othar impasts. Damage occurs
where demersal trawling takes place {e.g. Basson et al., 1977}, and may become
non—Teveraible as trawling is intensified in the face of overfishing and
declining stocks. PFurrophication consequent upon waste discharge promotes
ovargrowth by epiphytic algae. Destruction of sesagrass beds as a result of
overqrazing by epidemic populaticng of szsa urchine has been reported from the
Gulf of Agaia (Red Sea) (Mastaller, 1979; Wahbeh, 1980) as well as from cutside
the reqicn, the population cuthrasks of these urchins very possibly ocourring as
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Seagradd bads may also be susceptible to impacts from oil pollution. In

. addition to direct affects cn the seagrase, more serious and posszibly langer-

tera damage may ooour throwgh inferaction botween the oil and the sadisemts in
which the seagrass . is growing. Much of the oil and tar from oil apilla
eventually 9irks as appears to have happened to west of that resulting from the
racant major 'Mowruz® oil spill in the KAP cregion. On the seabed, oil and
sediment can agglomerate inte mora bucyant lumps and pellets which, in
relatively shal low water, can be removed by wave and corrent action. {Diaz-
Piferrer (1262}, for exarple, recorded tha losa of 3,000m” of 2ard from a Puerts
Rican beach in less than a week due to thias effect.) Thus where oil settles
over seaqrass beds, losa of sediment may lead ko yprosting of the grass amd
famage to of destruction of thwe bad

There appear to be few management pxilicies specifical ly related to the
protection of seagrass beds and resources. Seagrass beds are a aignificant
element within some reszerves or proposed reserves, but no protected area is
krown to have been established specifically to protect this habitat. In Balirain
infilling and dredging activities now reuiire a licence, a move intended
eapecial ly to protect irportant seagrass areas, and similar restricticns nay
oparate or are being introduced in agme other countries. There is an urgent
need to assess the extent of damage to seagrass beds throughout the region and
to ancoaurage more careful regulation of infilling, dredging and other coastal
engineering projects, for examle by more ¢genaral use of envircmental impact
assessmnt prooedures,

A recent regional symposium convened by the Indian Marine Biclogical
Asacciation has sophasiaed the importance of asagrass beds and recommapded
research on their statua and ecology, and UMES(D/IABO are shortly to publish a
volume on methods for seagrass research.

Hocky Shores and Subatratas

Rocky shores varying from limestones to hard voleosnic rocks are widaspraad
through the Fast Asian Seas region; they also oocur in India between the Ganges
and Godavari, between Krishna and Cape Comorin, and in Karpataka and
Maharashtra, in Pakistan west of the Inius delta, oo the Andamans and Wicobars,
in the Seychalles and on Mauritios, apd in outerops and rocky islets along the
oast of East Africa. Along the southern enast of Arabia a variety of exposed
racky habitats occur - boulder beaches, sedimentary rocky shorea, and
metanorphic and limestone cliffs.

In the Rad Sea much of the coastline onsistz of raised reef rock forming a
low 1-2 metre high cliff, althouwgh this is frequently separated from the water
by a parrow belt of sand, and where thia is abgent the intertidal zona is very
narrow-  In the KAP region rocky shorea occur most comonly in Iran; Savdi
Arabian shores are generally very flat but may be formed of intertidal rock
flats which may be very productive (Basson et al., 1977,

Information on the extent and character of rocky ahore comminities
throughoat the area is gensrally incomplete. Freguently rocky sublittoral zones
ara fringed or dominated bw corals. In the Bed Sea and Gulf of Aden, where the
intertidal zone ia narrow and air temperaturee high, rocky littoral zones are
domirated by grazing and predatory gastromods, such as Merita spp.  Where wave
action is more regular Indian Ocean shores are frequently dominated by rock
oysters, Saccostrea spp. In a few areas, for exagple in parts of Kenya and
Tanzapia, algae dominate the intertidal. This may be where rutrient levels are
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lumariant growth of Ulva fasciata, Ecklenda radiata and Sargassum spp. (ITCH,
1933c).

Trawling is difficult over rocky ground and fiahing off rocky shores is
generally limieed to use of line, especially for groupers [Serranidae) and
shapperd (Lutjanidae}l, and pots, aspecially for rock lobsters {a.9. Mohan,
1983). An endemic abalone {Haliotis mEriae) cocura in the kelp beds in southern
Oman (IDCN, 1983c). The maln significance of intertidal and subtidal rocky
shores 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 ia in parts of Europe and America (Platt &
Irwin, 1%71). Green algae may be consumed direct ly by soma apecies SucCh as
Siganus [rabbitfish} or Diplocdua (pinfish). Most brown algae eventually bacome
born or broken and decompose o detritua which supports rock oysters, shrimp and
numerous meiofamal and macrofaunal invertebrates. These in turn becoms the
food of a wide variety of commercial fish specias, especially anappers
(Lut janidael, emperors (Lethrinidae) and bream (Sparidae), which may then be
caught in surrounding waters {e.g. ITUCH, 1983c%. .

In general rocky shores and coasts in the region appear less ispacted than
other important habitats. Losally they have been last through cocastal
enginearing and construction work, including the remsval, in parta of tha area,
of beach rock ("Farcush") for uilding (Bagson et al., 1%77). Also, rocky shore
communitiea are especially sensitive tooil polTution (Melson-Smith, 1972;
Bakar, 1983). PDespite the fraquent occurrenwe of oil =pills in some areas (KAP
region, Gulf of Suez} there seems to hava been no specific study of their impact
on rocky shores within the ragion. The affects alszewhera hava, howaver, besn
well documented. In general, fresh ¢rude or light ail products tend to
penetrate wall and have toxic internal effects, whereas weathered or heavy cils
tend to cause external mechanical effects through smothering.

A nurber of protected arsas within the IOR have rocky shoras and substrates
as a significant element though this may not have bean the primary reason for
astablishment of such reserves. It may particularly be noted that rocky shores
and high ¢liffs often have considerable landacapa value, and may form an
important component of the coastline within recreational and touristic areas.
Inconsidared devalopment and oonstruction work in the coastal zooe my greatly
reduce Or destroy the aedthetic valua of such coastline, lending to a
depreciation in the econcmic value of the tourist industry and a 1oz in the
quality of the environment enjoyed by local people. Thare is probably an
increasing need throughout the ragion for such shores to be protacted
specifically for their landacape value

Coral Peefs

Coral reefa (fringing reefs, platform {bank} reefs, patch reefs, parrier
Teefs and atolls] form perhape the most owmplcuous of bvarine habitats within
mch of the IOR; they are certalnly aa important as any in terms of
productivity, diversity and the proviaion of livelihood for inhabitants of
coastal settlements. Their complexity and productivity support mmercus and
abryiant fish spaciss, which may account for as mach as half of the catch within
aome areas; in many countries they are = major feature of a valuable and
expanding tourist industry, and they constitute habitats of enormous scientific
and educational interest and Bocial and cultural valie However, as described
in further detail below, in met if not all comtries of the region, degradation
and loss of reef habitats i{s 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.
And in the Philippines fringing reefs are associated with mauy of the 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
Jo the Niocdhars and Andamans.

In the Bast African region well-deuelnped fringing reefs and patch raef
complexes occur along sajor sections of the coasts of Somalia, Kenya 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 Mahéd but those of Aldabra
atoll have been especizlly well studied. In the Mascarenes, reaf development
generally diminishes from east to west, Fodriguezr and Mawritiug having well-
developed fringing reefs although these are lacated far offahbore.

Coral reef habitate are particularly dominant in the Red Sea. Although for
zoogecgraphic reasons species diversity is lower than in the Indian Coean
proper, the lack of freshwater input along most of the coastline results in
vigorous inghere coral growth and formtion of well-developed fringing reefs
around almocat the whole of the northern two—thirds of the sea. In addition,
around pach 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
ad in s=me areas complexed Of reefs and islands extend as far as S0km offshore
{see e.g. Mergner, 19284; IUCH, 1984). However, there is a decrease inguality
and extent of coastal coral communities moving south of about 200 (Wainwright,
1965; IUCH, 1985}, largely bacause of tha shallowsr bathymetry and higher
turhidity of this reqgicn.

In the AP 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 reafs 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 the diversity of
the coral fauna gradual ly declines, 174 species are recorded from the east
coast of the Malaysian peminsula (De $ilva et al., 1980}, about 60 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 different floral and invertebrate groups
ig equally high and shows comparalkle trends, although the extent of available
inforwation varies omsiderably 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.n”
{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 Ehe
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 Eish harvests
that cah be sustainad from coral reefs are probably 10-20 mb/km® (Munro, 1984).
Because of the patchy nature of the resf 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 Somee
(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 also
provide a growing list of medicinal products, are of immense scientific and
educational value, and act as a wvave buffer, protecting ooastlines from erssion

amddl 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;
additiconal 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 Thailarvil

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 ancthar pearine park.  In Sri
Lanka there is little formal protection for reefs, although at the southwesat tip
of the island lies the Bocky Islets Sanctuary covering 1.5 hectares.

Tn the Rad Sam amd M1l F AF Adan raatmsn mwrd st ier for onral raafe wae Al
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the egtablishment of Marine Farks amd Reserves have taken place in FEgypt,
Jordan, Sudan and Saudi Arabila. 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 Bandi Arabia there are no coral dominated reefs w.thin the stretch of
coastline encompassed Iy the established Asir Wational Park in the soutlwest
corner of the country, but aleng the rest of the coast interim protection is
keing given to sone 70 candidate sites for protectorate status, a majority of
which inclode ooral reefs.

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

Despite the astah]l ishment 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 introduction of environmental legi=slation, deg'radatlcm of
poral reaf commnities is taking place st an accelerating rate in an increasing
numner of areas ag a result of a variety of imparts. The threats to ooral reefs
throughout the world are npumercus ang have been raviewed in general terms by
Johannes {1975}, and Eenchington and Salvat {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

Sedimantation occura as a result of land infill and other coastal
conatruction work, az a reault of dradging, and as a result of an snormously
increaged sediment load being carried to the sea by rivers following upstream
land and scil 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 adegquate phetosymthesis
anrd growth, but the excess]ve sediment evental ly clﬂgs or geothers the ~gral
polyps, preventing feeding and interfering with respiration {Harshall & X,
1931; Marszalek, 19511

Corals are a.ble to free themgelves 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 o
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 {I-Iubhard
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 regicr (Gomez, 1980). Sedimentation as a result of cosstal and merine

tin pining i3 the major cause of damage to reefs in Thai land {Chansang et al,
1961). Reef damage off the sast coast of Peninsular Malaysia is especially
mticaahle in bays adjaoent to agnmltural deve]_:pmmt I{De El.lura et al, 1980}

-



mortality has cocurred oo Miniow atoll, the largest in lakshadweey, as a resalt
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, followiag
upriver s0il 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, 1983b). And in the Red Sea off Sandi Arabia, fringing reefs along 30km
of coastline nave Deen impacted by sedimentation following infill cperations to
construct the Jeddah corniche road (TUCH, 1984h).

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

There appears to be an increasing incidence within the reqgion of damage to
reafs oy endemic popolations of sea urchins {echinoids) and of Crown-of-Thormns
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, 1981),
in Bri Lanka, in Mauritius, at locations in Paninsula Malayszia {De Silva et
_E_-. 1980}, Eastern Malayzia (Mood et al., 1977) and Indonesia {Aziz & Sukams,

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 pragent in large nambers. the rasping action of their
teeth arodes the reef surface and the hases and branches of corals under which
they shelcer, oausing the ocrals &0 ool lapse and die, In some cases the urchins
appear to erode the living coral tissue or attack it directly. Extensive damage
of this type, first reported from the Caribbean (Lawis, 1277 Hristensen, 1978),
has now been obgarved in the Red Sea off Eqgypt (Ormond, 1980) in Bahrain
{Barratt & Crmondd. 1985}, in Fowait [(Downding, pers.corm) and in Kerya (Kendall,
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 a5 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.) [(TIKN, 1984a). It Sesms very probaple that Ehroughout
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, oxstroction amd
lime production has caused extansive damaga to reefs, especially in India,
Lakdhadweens, Sri Larka, Indmexia, and to a2 lesser extent in other cuntries of
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the reef in Palk Bay, and bry 1973 mich of tha raaf had already been destroyed
(Pillai, 1973); and extensive quarrying has occurred at maty gites in the oGulf
of Mannar where at one site 30 boats were removing 30,000m° of reaf PRl year
(Venkataramnujam et al., 1981). Equally in Indonesia there were reported to be
more than 80 LimekI1ns"in cperation in 1979 in Eagt Java alone, baming at least
BOD m per month [(UNDE/FA, 1979).

Dynamiting and other destructive fishing mebhods

Tre use of dynamite to kill and collect reef fish seems to be not InComOn
'in a series of countries from Egvpt to Kenya and Tanzania to Sri Lanka and to
Indonesia. For example damege to vast areas of coral on the Taka Boma atoll in
Indonesia (UNDP/FAQ, 1982a), to the Tarutai Matiomal Park in Thailand
{Alexander, 1982) and to reefs in East Malaysia {Wood, 1977), is attributed ip
- part to fish blasting. DOf course,.this technique not enly kills mmerous neo-
commercial fish and invertebrates which are the food of commercial specias, but
destroys the corais which provide food and shelter for the fish, thus reducing
or eliminating the poggibility of subsequent catches.

Almost as dastructive are Murcami fishing technigques, usaed in the East
Asian Seas region, which involve driving Fish into nets by banging on and
smashing the coral. Corals may also be broken off to disquige trapa or act as
bait. And the increased extent of trawling within coral areas is also
destructive of c¢orals and reefs and is reported, for example, to have caused
wasiderable damage in the Tarutac Maticnal Park {Sudara, 1981).

Cther impacts

Various other impacts generally of more local significapoe have also besn
reported affecting reefs in the region. These include extensive col lectico of
aquarium f£ish (Sri Lanka, Indonesia}, trampling by reaf fisharmen and visitors
{Kenya, Sri Lanka, Philippines), collection of corals for the curic trade
{Philippines, Kenya, Egypt), and damage caused by boats and their anchors
{Eqypt, Sri Lanka, Malaysia). In general impacts on corals within the region
due to either oil pollution or to waste discharge appear to have been less
frequent than might have been supposed, and have yenarally affected only
relatively small areas of reef.

In respanse to the evident destruction of valuable reef commmities there
hava heen scme towves by naticnal govarnments to prevent destructive practices
ard to establish effective managament both mutside ard within marine parks and
reserves. However progress in this §irection has not yet been sufficiant to
halt or even slow the general decline and degradation of reef habitats.
Dyramiting is illecal in alaoet every camtry of the region, yet fish bowbers
continue to operate without being apprehended, particularly in the Phi lippines,
Indonesia and Malaysia. In the last two contries removal of live coral frowm
‘the sea is restricted whilst in the Philippines a recent decree (1980) makes it
illegal for anyone to possess stony corals for any purpose.  Yet mining and
curio collection continues. In India and Sri Lanka thare appear to be evan
fewer mechanisma for reef protaction. Misunderstanding and tradition have
aliowed destructive practices to continue. The recent introduction of
environmental agencies in Sri Lanka has yet to have an effect on the resf
environment (Hoffmann, 1983).

Protection and nhanagement is proving difficult even within resf ,

conservation areas, especially in remcter parts where itinerant fishermen and
fishing vessels operate. For example, at the Tarutas Mational Park in Thailand
the reefs contirue to be degraded by trawling and dynamite fishing. Day-to—day
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numbéar, inadagquataly equipped, and have had to face physical viclence on a
narier of occasions [(Rlerander, 1983). 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, 19282Lk}. Ewven in Kenya where the Marine Parks are a sajor tourist
attraction, illegal fishing and dameding of ocorals aparently continues within
tha Marine Park areas.

Managemsnt plans for protected reef areas ara, howaver, being developed in
goma comtries. Plans have been produced for protected aress in Indonesgia. (he
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 following a MMESOD 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, ip 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 fishermen'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 glokal 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, tha 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
bteer 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 factc:rs
L4 g mral commnities 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 amug its recomendations chat each nation prowice
protection to its coral reefs.

Within the Red Sea and Gulf of Adan, tha Ragional S&as organiszaticon
{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 (19840) has recompanded
that programmes on coral reefs 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.
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Tunas and Billfishes

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

Tunas are distribuoted throughoat the Indian Ocean. The highest
roncentration of the larger species of tuna (Yellowfin (Thunnus albacaves),
Bigeye (T, obesus), Albacore {I. alalunga), and Southarn hluafin \T. mac 11)]
43 well Be of Billifishec and marlin ooour in the offshore areas, and except Lot
a few of the smaller more coasctal species, are scarce in the shal Lower areas amd
in anclosed waters such as the Red Sea, the northern part of the KAP region and
the upper Bay of Bengal. All tuna species are very active, and some migrate
over long distances. The southarn bluefin in the southern Indian Oeean forms a
single stock, which moves westward into the Atlantic and eastward into the
southern Pacific at least as far as New Zealand The albacore mey also form a
single Indian Ocean stock, but the other species may hot move quite so far, and
may thus form more than one stock within the Indian Ocean. The Pacific also has
large tuna stocks, and some of these are exploited by the Philippines and
Indonesia, and therefore come within the eoope of this review. The movements of
these figh can take them well to the east, and a proper analysis of the dynamics
of these rescurces and the problems of their management, would reguire
axmsideration of the area east of the region under review, Since this is beyend
the scope of this report, the commants which follow concentrate on the Indian
Ocean, but are generally relevant also to the tuma fisheries in the Philippines
and sastern Indmesia

The tuna rescurces in the Indian Ocean, though not known accurately, and
probebly significantly less than those in the Facific, are clearly substantial.
With the exception of the southern bluefin and the larger individuals of the
other big species (Yellewfin, Albacore and Bigeye) which are exploited fairly
heavily by long-liners, recent catches have baen mach smallex than their
sustainable potential.

- Tunas are among the most favoured species inworld trade, and, as stated
arova, Hma vessels {long-liners and, more recently, purse-seiners) are ameg
tha relatively few lang-range vessels cperating in the Indian Ocean from outside
the area. Most of the largs tuna caught in the Indian Ocean are axported to
Japan, the United States or Burcpe, but post of the smllar species are conmmed
locally. Botentially, therefore, Indian Geean states can penefit from the tuna
regourcag in a number of ways = axport of Locally caught fish, payments for
fishing rights and use of harbour facilities by non-local fleets, employment
ashore and afloat in both leocal and long range fleets, and food for local
conmumption. Under the present intensity and pattern of fishing the benefitks
auxrrant ly cbtained are leas than might be possible :

Tmna fishing falls into three main groups, long-lining for the large fish,
industrial scale fishing using purse—seines or live bait {pzle and lipel for
surface schools of Skipjack {Katruwonus pelamiz) and Yellowfin, and local
fisheries usirgy a variety of gears (gill-nets, trolling, atc), for smil species
of tunas as well as smaller sizea of the larger specias. In the Indian Ocean
indugtrial fishing by large vessels was, until recently, amfined to long-liners
from eastern Asia (Japan, Republic of Horea and Taiwan), whose activitiea have
contirued without real change (except in the halance between cocuntries) for some




available to them which includes bill-fishes and marlin in addition to the
larger tuna {FAD, 1979). Until 1983 only a few trials had Leen mde with purse-
seining, but rhen experimental voyages oy a couple of French vessels proved
highly successful. Effort increasaed in 1984 and it seems that in 1885 all the
large French tuna-geiners normally operating in the Atlantic will be in the
Indian Orean, as wall as a number of Spanish vessels., Total catches of

Yellowfin and Skipjack are increasing sharply, bat the effect on the stocks are
UIFT oL,

local tuna fisheries are patchy. The Maldives and 5ri Lanka have important
fisheries. India has significant catches on the south west coast and arcund the
Laccadives, and Tndonesia has Fisheries bassd in western Sumatra and Bali {as
wall as in eastern Indonesia), bot elsewhers catches are spall.

Bowever, a muber of countries including India, fol lowing the changes in
the law of the Sea and the increased interest in tishery potential, are thinking
about greatly increasing their direct participation in the tuna fisheries.

Billfishes, and to a lesgser extent, some of the tunas, are prized
gportafish. Big game fishing is less well-deve loped as a tourist attraction in
the Indian Ccean than elsewhers, but some Eishing is dwe from Kemya. It does
not have a significant impact on the stocks, but the desirs to maintain or
develop a tourist industry based on gane fishing and thus o maintain a good
stock of large fish, can bte a simificant factor in forming naticnal policies
towards the management of these species, )

Beranse the distandes over which most species mve exceed the dimensions of
mst zones of naticnal jurisdiction, affuctive managenent of these respurces
requires intermaticnal agreement on the general objectives of mpagewent and on
the specific measures tc be taken. S0 far the necessary agreemant does not
exist. MUnlike the situation in the Atlantic and the eastern Pacifia, in the
Indian Ocean there exists no independent commission charged with the
cmservatiog and mmAgement of tima which can revied sanagement policy, as well
as assemble and examine the scientific rescurca data on which managament
decisions nead to be baged.  Possible mepagement of the larger spacies of tuna,
heavily axploited by the long-line fleets, was discussed at ihe first seapion of
the tuna management committee of FAG'a Indian Ccean Fishery Commission in
October 13970, but na consensus emergad and possible meamures do not seen to have
been seriously discussed since 1970. Cruntriag cperating the lawg—range fleets
were not angious to accept restrictions on their existirg operations, while most
ooastal states wera equally reluctant to omsider measures that might restrieot
their cpportunities for possibly increasing the participation in the fishery in
the future

Due to the lack of a generally agreed ccean—wide policy, there is littlae
opportinity for potting any management into practice. Some comtriss, notably
the Seychelles, with wide Bxclusive Economic Zones (EEZs)and good tuna
rescurces, have set controls on foreign fishing in their Figs. These controls,
which mostly set out arrangements for Faymant of licence fesa, are more
concerned with realiaing some banefits from the foraign fisheary than with
omservation of the rasource. -

Up to the present thera has been little concern {with the important
cxception of southern bluefin) for the status of Ethe rescurce and for its
conasrvation, and the lack of rapia change in aither the amount of fishing ar
tha abundance of the fish made this lack of concern fair ly reagonable, even
though the larger Yallowfin, and possibly other large Species have been heavily
fished 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 managems=nt.
Purse—seining takes a wider range of sizes of fish than long-liners, which take
very few if any small juwvenile 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 oo the
status of the resource. The nos: recent review was thab carried cut at a
workshop beld in Shimizu, Japan, in June 197% {&non, 1980}, though FAD is
-planrqu 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
cowple 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
national fisheries, as well as for assessing the possible neec for conservation
and management.

While FAD ie currently arranging far data oollection and for anmalysis, a
matter of serisus ooncern mest ba Fhe ability of FAO to maintain the essential
lono~-term coroitmert to these activicies, The data centre in Colombo i3 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 management of,
tima in the Indian Ocear. A special ooncern (ot discussed in this report which
semecentrates 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
probtably much the largest tuna fishary in the world, and may have a sarious
effect on fisheriaa of larger tuna. '

The recommerddaticn of inmediate concern iz that supoort should be given o
the cn—going collection of statistical data and to carry out the scientific work
needed to assess the resource- 'This will require a oommitmen. by comntries of
‘tha ragion to the oollaction of nationml staristics to sbmit b tha regional
data centra, as well as snoouragenent of ary assoclated scientific research. It
will also require a commitment v FAO and JNF Lo oogplle regicral statistics
aradl to coordinate, on an ocean—wide basis, . an asaessment of the resources. It
15 further - recomsended that there should be a review, 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 1t is morae
ooovenient to lock .at fmhe_rles (except tima) az a whole.

In general, the rndian Ocean proper is oot rich in commercial Eish. Ik
lacks the major upwelling arsas, or the wide contimental shelves which produce
the rich fishery grounds elzewbere [Gulland, 1983). Within this general picture
the coasts of Bast Africa [(south of Sommlia) and the Rad Sea, 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 gquantities 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 demsrsal
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 nuamber
of species is very high, particularly on coral reefs where they ara significant
as bourist attractions or aquarium £fish as wall as direct sources of foxd 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 Eact, 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
usaed 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. SApPeT s
{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
mmizer 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 =zaeem to go through periods of 1ow abundance,
met recently abour half a century ago.

Over mach of aguth and scuth—east Asia, as well 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 important,
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 associated with
fishing, are important, and in some places tha only simnificant, sources of
ayployment in coastal commmities. _

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.q.
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 millicn tons of fish are
taken from the Indian Ocean, and about six million tons in the western central
Pacific, mostly by the countries discussed here {Philippines, Indonesia,



Malaysia and Thailand). In terms of sconomic value the mst imeortant single
groap of spacias are the shrirp {approaching half a million tonal. In kerms af
weight some of the groups of small pelagic fish (sardires, scads and mackerels),
are rather more important, though despite improvements in national statistical
aystems, 2 great deal of the catcdh iz not identified ro species or even spacias
LIPS -

Few fish are caught or killed other than in directed fishing operations,
Ut many species are caught incidentally in fisheries directed primar:ly at
other species. large quantities of demarsal fish are csught by trawlers which
are mainly interasted in shrimp, though in this region (unlike the Gulf of
Maxim and some other regions), most of this oy—eatch 1z brough ashore, - fresh,
iced, or dried - and sold. This incidental catch can raise conservation
proiziems when the by—catch speciea is particularly wvulnerakle 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 to
rehit 14 some of the most severely depleted species in the Gulf of Thailand

The dominant oonsideration in government fishery policies has been that of
increasing catches; where conflicts between different groups of fisherman have
been serious, resclution of these conflicts have alss besn given attention In
contrast, tha nead to manage and owwerve tlw resource, though not in principle
mmitted, has seldom received mach attention in practice.  Most ocountries have
legislativeprovision for inmtroducing the normal range of manageament meazures
(clogsed areas or seasons, size limits, and some control of the amount of
fishing), kit few have adwinistrative arrangements for a regular review of the
gkata of the resourceg, the trends in the fisheries, and consideration of the
effoctiveness of any crrent management measures, and the need for new o varied
MEASUTES .,

The moot widespread measures currently in force are those aimed at reducing
amflicts. Moat counkries in soath and soothesast Asia pronibit trawling, amd
sometimes other forms of mechanized fishing, within a fixed distance of the
coasts in order to reduce competitlion with artisanal fishermen, though
enforcement is not alweys fully effective

‘Resource mEmagerent measures ara less oomon. A closed  season has een
applied in the shrimp fisheries of the KAP region. Several countries prohibit
fnot always successfully) the use of explosives, and other destructive gears.
Regulations setting the minimum mesh size of trawls or other nets, or the
mnimm size of fish that c=sp ba landsd, are in existetse in several ommtries,
ut are not ful ly enforced..

& basic concern throughout the region is with the high level of
exploitation on mamy of the stocks, especially in the shallow coastal zmes, and
with the sorial ocnflicts arising from competition for this limited rescurce. An
associated copcern is the inadeguacy of the basic infrastructure required to
manage these resourcoes, i.e. the arrangements for compilation of catch and
effort statistics, scientific assessment of the stocks, and administrative
review of these assessment and current management practices. Most comtries 4o
cnllect some statistics and do some research, hut in few i3 the work co-
prdimated to give adequate sumport te the formalation and implementation of a
sound managemeat policy. In some casas the scientific work is relatively
straightforward, tut there is a lack of full understanding of the dynamics of
the desersal stocks, and of the changes in species composition that have
occurred. Botter knowledge is also needad about the responsa of coral reaef
oemunities to exploitation, and how to mapage them for a hiagh sustained yiaid.
Destruction of maryroves, and the loss throogh land-reclamation etc af fagoons
and other mirsery areas for shrimp and fish, is of hidgh cwe=rn in ey areas.
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There ia not gufficiant information to make specific recommendations for
measures Lo manage arndd 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 rasource 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 recommended that oountries strengthen the scientific
ard administrative structuras so as to ensure ool lection of adequate eateh 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 commmniszy, 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 amng the sugoested projects.

Marine Marma) s

The Indian Ocean, ard waters of soath—east Asia have a rarine mammal faunas
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 independant stocks in the nerdhern Indian Ocean. Thare 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 Guinea and northern
Augtralia.

The baleen whales, except Minke whales, have been severely depleted by
hanting in the Antarctic. Sperm #hales, espzcially the larger meles, nave also
been reduced, though possibly not to quite the extent of baleen whales, Dugongs
are now extremely scarce over much of their range. The Indus river dolphin is
oW vary 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 thae the
large incidental catches arcuand 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 betwesn the
Antarctic and the Indian Ocean. However, the Internaticnal Whaling Commission
hae declarsed the Indian Oocean a sanctuary. Therefore there is rew no hunticg 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 prior to the establishment of the Whnale Sanctuary,
225 Bryde's whales were kaken from the Philippines area by Japanesa whalers (see
Ohsumi, 1980). Except for Dugong in eastern Indonesia no small spacies of
marina mammal is taken in gignificant quantities for food Possibilities exist
for whale watching to become a significeant part of the tourist industry in Sri
Larka amdl elsevhneres, but these have not been realised yst.
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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,

Icdidental catches of am]l cetaceans ocmur on a significant scale in the
qill-nat and other fisheries arcund Sri Laska and scuthern India. Several
thousand animals of a nusber of spacies are belisved to be killed anally, but
the effect on the stocks iz 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 distribuotion and abendance of Dogongs, and about
the magnitude of the incidental catchwes of spall cetaceans [in actual mmbers,
and in relation to the size of the populations of the species amcernad) 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 [W('s
Whale Sanctuary.

For these reasonsa, 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 are particularly low. More precise
ansessment of the mumbers and spacias of small cetaceans taken in gill-het and
other fisheries should be strongly sooouraged 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 asssss and mmitor sbocdka of sorine mwmmals in the Indian Ocean

Sarevhry.

Tartles

There are seven species of parine turtlae of which five are Eound in the
I0R: the Green (Chelonia madas), the Hawksbill (Eratmochelys iobricatal, the
Loggerhead {Caretta carettal, the Leatherback (Dermochalyvs 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 Laatherback, 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
ara the only onea breeding in tha Bed Sea, in the FAP region {(apart from seme
Laatherbacks nexting in Lakshadwesap), 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 large sandy
beaches. The world's largest Loggerhead rockery is on Masirah Island in Owan;
othaer rookeries oocur in Somalia, Mozambique and Sri Lanka, and a few
Loggerheade megt in Tanzania, Malaysia and Imdomesia,

As is increasingly appreciated, the region's turtle population recressants a
valuable resource. For example, the value of turtle products exported from
Indonasia in 1920 was #55928,539 and in 1981 US5407,542 (Salm & Halim, 1984],
Given adequate management and regulation many of the populations could ba used
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Almost everywhere in the region, however, all species of turtle appear to be in
mrked decline.

In many areas eqys are collected from breeding grounds, often in very high
nupbers. Over 30% of eggs ars thought to ba taken at some sites in India and
Malaysia and, for example, egg production at Trengguna on the east coast of
Malaysia was estimated to be around two million in the 1950's but has since
fallen to under a million. At many sites the situation is exacerbated by
ganera) human disturbance and by an increased number of dogs also digging up
nests,

_ In other areas the adults are hunted, by net or by harpoon, for thelr meat
ar thair fat, and in particular, in the case of the Hawksbill, for their shell
(tortoiseshall). In the Philippinas and parts of Indonesia the Green turtle has
been hunted aimost to axtinction {de Calis, 1981: Soegiarto & Polunin, 1982},
In Bengal an illegal fishery for Olive Ridleys was recorded landing avar 20,000
turtles in just 4 nonths (Biswas, 1979). Between 1374 and 1975 an estimated
annual average of 22,000kg. of teortoiseshell was exported from the Philippines,
and an estimated 130 tonnes a year is being exported from Indonesia. Export of
shell from these and other countries of the regicn contimges in apparent
contravention of CITES. Large 2cale slaughter of turtlac by foraign fishing
vessals, many fram cutside the region, is described as taking place just outsida
East Malaysian waters (de 5ilwva, - 1940}

In addition, nesting beaches ara increasingly disturbed by reaidential
developments and by visitors, and adilts are oftan taken incidantal Ly in the
nets of trawlers znd rarely released.

Turtles have been afforded some protection in the East Asian Seas region,
notably in Indonasia where Loggerhead, Leatherback and Olive Ridley are, in
theory, completely protectad by Ministerial Decrea; it is internded to formalate
plans to achieve a sustainable harvest of Greens and Hawksbills {Swselo et al.,
1981} but for the present over—exploitation of these two species appears G be
continuing., Turtle nesting beaches are included within 21 protected areas
(83alm, 1984). In Malaysia some statas have prohibited the hunting of the
turtles and Green, Leathery and Olive Ridley turtles are actively conserved by
hatchery programmes run by the Fisheries Department (Tow & Msll, 19sl).. .

In the South Asian Seas region all turiles are theoretically protected dn
Pakistan, India and Sri Lanka. However, law enforcement is difficult and in
poth India and Pakistan there iz contimued consumption, while fn Sri Larka Llaws
regarding turtle capture were actually suspended, citing the large mimber of
people thought to rely on taking them

In the Fastern African region, harvesting of agge and adults has cortimued
largely unocontrolied, with the exception of tha Sreen turtle in Reunion and both
Sreen and Hawksbill turtle in the Seychelles, althaugh aves 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 been little formal protection of turtles, exploitation has
generally, until now, been fairly limitad, and involwved anly irreqular taking of
adults or eggs by small rumsrs of fishermen This my reflect in part Muslim
pronibition on the consumpticn of bur-le meat, and in part the dispoarsed
distribotion of breeding sites. Cmap has besn especially active in developirg
turtie conserva*ion arvd research.




more regional conventions, such as the African Conventicn on the Consarvation of
Nature and Mature Resgurces. But these convantions seem as yet to be only
partially effactive. It is clear that much greater effort is required to
implement protective measures and that further international cooperation is
needed in view both of the patterns of migrations which take turtles across
naticnal and regicnal boundarias, and of the international nature of the trade
in turtle products, especially tortoiseshel l.

Seakirds

In all 42 species of seabird appear to bread in the IOR. Their hreeding
occurrence within each Regional Seas area is summarised in Table 4. nly a
portion of these species breed in any one region BRecent reviews have described
l1& apecies breeding in the Arabian region (Gallagher et al., 1984}, 17 in
Eastern Africa (Cooper et al., 1984), 23 amonyy the cantral Indian Ocean islands
(Feare, 1%84) and 14 from Indmesia {de Korte, 1984).

Fourteen seabird species appear to be endemic to the region or parts of it.
Of these, six are endemic just ko the northwestern Indian Qoean - Jouanin's
Petfel {Bulweria fallax), Socotra oormorant {Phalacrocorax nigrogularis), White
ayed qull (Larus leuccphthalmix), Sooty gull L Bemprichiil, 1ta—Chaeked . tarn
(Sterna repressa) and Saunder's tern (5. saundersi), as 1s alsc the Crab plover
{Cromas ardeclal, a2 shore bird breeding exclusively on offshore islands.

. Among the islands of the central Indian Ocean three gadfly opetrels exist
only in isnlated populations in the Mascarenes. Of thase, Barau's petrel
(Pterodroma baraui) and the Mascarene petrel (P, aterrima} are endamic te tha
arsa. The latter ias probably the rarest seabird in the IR, its existence this
century being known only from two specimens collected in 1370 and 1974, Alsc
Abbott's Booby {Sula abbotti), and the Christmas Island frigatebird {Fregata
andrewsi] ooour only on Chriskmas Island.

Of the remaining four speciesn, two are local species of cormorant, Indian
cormorant {P- fuscicollis) and Javanese cormorant {Halietor niger}, and the
other two are species of tern confined to the IOR, the Lesser crested tern
(Sterna bendalensis] and tha leasser noddy (Anous termirestris).

Seabirds breeding in the region have Decome increasingly impacted by man's
activities, largely Y general disturbance and habitat change linked to the
spraad of villages, holiday homes, and navigational and military installaticns
to offshore islands, by accidental introdustion of predators {e.g. cats and
rats), and also by egg collection and the taking of chicks. In the past eggs
have been collected in amall guantities by fisherman and coastal villagars,
generally in a sustainable manner; but in recent years, as a result of human
popalation expansion and the increage in range of motorised fishing craft, the
taking of egyz and chicks has been greatly intensified. Such effects appear to
have beonh greatest in East Asia, Eastern Africa and the Euwait Arkion Plan
region {see de Korte, 1984; Faare, 1984: Gal lagher et al., 1984, Cooper et al.,
1984). '

By contrast, although in other regions seabirds have been seriously
affected by oil pollutisn and by acommilation of pesticides, neither of these
yvet appears to be a significant probiem in the CR

Terns and qulls are generally more able than other seabirds to sustain
gerious impacts, and none is yek threatened with regional extinction. The



- 40 -

highly palatable and adults, young.and eggs are all taken: they are agpecially
valnerable to human disturbance because gqulls take their eggs when they leave
tha nest; they are excluded either Ly the destruction of trees used for nesting,
or By the planving of previously treeless islands with cooonuts, and they do noc
readi Ly move from their traditional nesting islands. In both Indonesia {de
Forte, 1%83)-anc among the islands of the rentral /western Indian Ocean (Feare,
1983}, many islands known Lo support breeding colonies in the sarliar part of
this century now either lack any breeding birds, or support only qreatly radoced
numbers. On Christmas Island, the gne surviving colony of Christmas Island
frigatebirda (Fregata andrewsi) has been depleted in significant numbers
(Nelson, 1972).

Seabird colonies have heen astablished as reserves at various locations.
Two major seabird nesting islands in Indonesia are protected as well as six
other sites (Salm &' Halim, 1984). Thrae island reserves are in existepcs in
Malaysia and a bird sanctuary has recently been incorporated in the Apcs Reaf
Island Marine Park in the Philippines. Several islands are protected in the
Jeychellesa, and a National Park has recently been established on Christmas
Island. FHowever, protective legislation is difficult ta enforce oh Cemcte
islands, and minbers of major breeding sites lack even formal protection, eq.
Kiunga-tenewe Islands and Latham Island {Tanrania), Mait Island [Somalial,
various islands ip the Red Sea (Sudan, Sandi Arabia), and Cosmoleds Atall
{Aldabras—Sevchelles).

Apart from seabirds, some other bird species breed on or are confined to
smll islands in tha TOR, e.9- the Sooty falern {Palco coneolor) in the Fed Sea
and FAF region, the Crab plover (Dromas ardenla) in Fhe rerth-west Indian Doean
Various of the larger islands of the Indian Ocean, such as the Seychwlles and
Mauritius, also have a good numher of endemnic species of lLand bird. Most of
theze hirds are endangered or thrzatened, whila other endemic species are
already extinct: these however are beyond tha scope of this report.

Also, on mny painland coasts, mad flats and other wetland habitats provide
important feeding grounds for resident or migrant shore birds, For axampla,
large numbers of palasavctic waders migrate from Siberia and Russia via the ¥AP
regian and/or Southern Red Sem to Eastarn Africa. Probebly significant staging
sites oocour in Kiwait and the Asir. :
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CRELUS NS AND  REOCMMENDAT TONS

The foragoing acoount presents a fairly glocmy catalogue of the destruction
of habitats such az mangroves and coral raefs, and the dacline of speciasg
through overexploitation and habitat loss. It ts not intended to imply that
there are not still moderate areas of relatively mimpacted habitat or, in many
areas, teasonable populations of important species, but these areas and
populations afe beooming Fewsr and foawer, and in general it is clear that in the
last fifteen to twanty years there has been a major decline in the extent and
codition of various marine habitats and in the populatices= of rumerous species
of marine animal and plant. We have reachéd and passed the point where this
decline should be of comncern only to conservationists. All of thass habitats
ary? many of these species reprasent Tengwable resources of almogt incalctlable
value, rescurces that should and could cootinue o provide human populations in
the IOR with food and cther materials for long into the fusurs, ot which at the
present rate of destruction are unlikely te do so for far into the 21st century.

Stimilated by the reports of habitat loss and species decline referred to
them, the authors of this report have been interested in a praliminary estimate
of the effect of this damage on the food producing potential of the Indian Ccean
region as a whole. Such estimdtes are dbhvicusly open to coosiderable error, bat
some indication of the likely effect may be derived from considering the
astimtes of primary production in the Indian Ocean proposed by Moiseev (1963}
{see Table 5). After crude adjustment to allew for the fact thar essentially
ooly the tropical and subtropical Indian Ocean is includad within the reglion
congidered by this report, his figqures suggest that up to 46% of primarcy
product ion ety be due to shallow water reritic habitats ccoypying only about 1%
of the ocean's surface. Thus, if the loss in the primary production by these
habitats due to their destruction or degradation was 208, perhaps the largest
figure suggested by the reports described herae, this implies a loss of
approaching 10% in the total primery production of the IOR

The correspanding affact of this loss on secondary and tertiary production,
and hence on the potential catch of fish, is even more Aiffimult to estimata.
It depends in particular on the effective number of trophic levels and the
transfer efficiency between them. Both of these factors differ significantly
ketween different envircrmments (sea Ryther, 196%; Cushing, 1973), and the values
Eor these systems remain wvery uncertain, Howaver, the results of some
maloulations suggest, as also ooncloded by Cushing [(1273), that the bulk of the
tertiary productivity within the IOR is due to primary produetion in coastal
vaters and upwellings and in shallow water and coastal benthic habitats. The
latter might well acocount for a thind of tertiary production, so that a 20% loss
in primry production in these habitats wmight result in an overall reduoction of
aboat 73 in the .available fish match of the ICR

At the same time thers appear, from local reports, to be indications of
increaaing overfishing in some parts of the IOR, in particular in the Bast Asian
Seas regicn, in the northern KAP region, and in nearshore areas close to centres
of population in the Eastern African and Southarn Asian regions. A summasy of
the data for fish catches by different comtrias in the IOR in recant years [see
Tables § & 7) shows that on the whole, for most areas, the catch has remained
sarprisingly consistent. However, the suspicion is that this has only ocourred
as a result of a very considerahle increase in fishing effort, particularly when
measured in terme of investment of other resoarces {fuel, mterials). As mare
accessible stocks become overfished, other stocks heosme more heavily syploited
The principe) region where there remain large, relatwely mmq:lmtad st:jdcsl of
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madest demersal and inshore stocks are underexpleited, largely through
infrastructural problems (Ardill, 1983).

The present evidence is cunsistent with the following cweral L picture of
the effec: of man's aectivities on the exploitabile fish stocks of the IOR.
Actual fish catoh has remained more or less constans in recent years because
whereas some fifteen years ago man was taking perhaps only &0-73% of the. tctal

. optimm sustainable yield of the IOR, now it seems likely that he may ba taking

on average HD or 20% of opt imun sustainable yield of a production which, as a
result of habitat damage and overfishing, is now 10 to 20% smaller.  If the
present Lrend continues it seems likely that even if for some years, as a result
of increased exploitation of less exploitaed stocks, fish caton in the ICR as a
whole can be sustained, sooner or later habitat damage and overfishing will
reduce the food producing potential of the region beleow the present level of
catch. .

Irrespective of the details of thesa conclusicns, *he greatest concerns for
the environment St the Indian Ocean region may He summarised under sewveral
headings., They are:- -

1. Hapitat loss. Specifically the loss of critical marine primary
prodoctics in the I0R  In particular:-

i} apprcmimai_;é'ly S0% of mangrcw,e' forest has heer lost in the
last 15720 years, largely oy clearing and felling for fuesl
and timber;

ii] perhaps 20% of .-::c:_rral reefs have been damaged or
noticeably affected by impact, mainly by sedimentation and
mining; : .

1ii) perhaps 10-20% or more of productive mud £lat habitats
have been lost, largely threngh infilling and reclamation or
pallution;

iv) perhaps 5% or more of seagrass beds have been destroyed,
either from dredging or infilling.

? fwarfishing. The enormous intensification of figheries in some
areas has alLmost certainly resulted in a reduction in stocks of -
figh, shrimp, and other crustacea and shellfish to Delow the stock
gize requirad to support maximm sustainable yield Overfishing is er
is peenming especially prevalent with regards ton— .

i) coral reef and nearshore fisharies for greuper, snapper,
etc., particularly in the Bast Asian Seas regiocn;
overfighing also resulrs in indirect damage to the reef:

11} inshore trawling fisheries, for finfish and shrimp,
particularly in the Gulf of Thailand and the northern KAP
region;

iii) in addition it seems that, in view of the lack of any
controls or management, overfishing of offshore pelagic
fisheries for tuna, etei, is likely to ooour within the naxt
few years.
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d- Endangered Species. Several groups of larger vertebrata; which are
not only of speclal conservational interest, but are also of pokential
resource value, are threatened, sspecially Ty overexploitation but
also by habitat loss:

i} Turtles, of five spacies:
ii) Dugong and cther marine mammals;

tii} Seabirds, espercially the Peliczniformes (boobies and
frigate birds).

Other concerns seem, to the authors of the report and within the exmtext of
the IOR, to be relatively minor. The great di versity of invertebrates will and
can only be adequately protected if the habitats within which they cccur are
protected, either within merine reserves or parks, or within regioms zonod for

ook ral lad exploitation.

The management and conservation of species also requires the mailntenance of
adequate water quality. The ocourrence and extent of marine pollution within
the IOR ig gertainly increasing, and in some local areas, especially near large
citiae, has damaged or destroyed marine habitats and resources. Howewver, it
should be emphasized that, as also concluded in previous reports {INER, 1962;
GESAMP, 1382), neither oil-pollution nor nen-—oil pallution has so far besn a
major factor in causing widespread decline and loss of marine habitats and
species stocks in the IOH., The causes of this are simpler - they are the
direct or indiract physical destruction of the habitat, and the overeyploitacion
of the speciec.

This conclusion, in our view, would arque against oo much ooncentration on
major projects designed to assess the distribution and effects of particular
pollutants. Such projects, in view of the costs of many of the laboratory
analyses involved, can ba particularly eXpensive, and are more so if lengthy
oceancgraphic cruises are also invelved. This is not to say that action should
not. be taken. Baseline data sets from arcund the reqion are essential if later
impacts are to be demcnstrated, and, in particular, anviramental stardards and
regulations mist be established (where not already established) and enforced
throughoat the IOR. Howawver, we would urge that prierity should be given to
developing and introducing mechanisms, at the national and intermaticnal level,
which will slow or halt the aurent rugh of habitat destructicn, gpacies declips
ard resource loss. ' :

Much of the action recuired, and many of the projects that are desirable,
are relatively easily determinad, and they have, for the most part, alrsady been
proposed: sometimes at the global level by international conferences or
workshops, often supported by the international agencies; sometimes at the
regianal level within individual! Regioral Seas programmes: and =ometimes ar the
national level by the environmental protection departpents of particular
countries. It is undesirable to duplicate or confuse the more spaci fic
recommendations or proposals of these organisations, which have considered in
mre detail problems relating to particular countries, regions or habitats. In
the present context, therefore, a brief ser of general recomtendations is
suggested and, in the light of these and of the o—guing rarine anvironmental
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and conservation activities of the region, a series of proposals are developed
for projects which may may serve asither:

i} to assist the speed with which nations and regions can act to
strengthen or introduce effective management of the marinas
environment, or

ii} to increase, through intermational cooperation, the sffectiveness
with which research and development can be undertaken, related ko
critical and urgent envirornmental problems coswn ko all or mich of
the 10K

Genaral Recommendations

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

highly prodoctive critical habitats, which provide the productivity
: base for indispensable fisheries and renswable resources, the nations
i of the [OR should co-operate and act ko survey, protect, manage and
conserve, through the control of exploitation and the further
estaplishment of rarine parks and reserves, thweir

mangrove forests
coral reefs

sexJrassg beds

' camnd prodoctive mod flats.

2. Gverfishi#. In view of the rapidly increasing incldence of
: overtishing of stocks of dameraal and pelagie fish, crustacea and
I shellfish, and of the vital significance of these stocks as a sourme
' of food for the coastal peoples of the regions, natimal awthorities
should cocperate and act o regulate to their oWn long-term advantage,
their

coral reef flaheries
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 mjor scientific, educaticnal and
conservatianal interest, the nationa of the ICR should co—operate and
act bt enforce and extend tha provrection given to

parine turtles _

Dugong, whales and other marine mammls

goabirds, especially the Pelicaniformes
{bochies and frigate birds).
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Table 3

- Datribution of Significant Turtle Breeding Grounds
in the Indian Qcean Region

Turtle Species
Comtry/Area Gresn Hasksbill Loggerhead Leatherback Olive Bidler
Moeranbique + + + - +
Msdagagcar + + +
Tanzania + + +
Karnm + +
Somalia + +
Ethiopla + +
Suadan + +*
Egypt + +
Saudi Arabia + +
Morth Yemen +
POR Yemen + +
Oman + + + +
Hortherm EAP regim  + +
Iran + +
Pakistan + +
India + +
Sri Larka + + + +
Bangladesh +
Lakshadkeap + + +
Maldivea/ + +
Sevyrhelles + +
Magcarares + +
Andaman + + + +
Hicobar + + + +
Burma + + + *
Thailand * + + +
Malaysia *+ + + +
Indonesia + + + +
Philippinea + +

bote: + indicates the recorded presence of significant breeding populations

of the species concemed.
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Table 4

Breeding Distribution of Seabirds in the Indian CGcean Regicn

Red
San

RAP Eant
Africa

Ind.
Ocean

South
Baia

East
Asia

Wadge-tail shearwater
Aundubon'a shearwater
Trinidad petrel
Mascarene patral
Barau's petrel
Jonanin's petrel
Red-billad tropic bird
Red-tailed tropic bird
White-tailed tropic bird
Pink backed pelican
Masked booby
Red-footed boolry
Brown booby

Abbat's booby

Common cormorant
Indian cormorant
Socotra cormorant
Little pied cormorant
Javanass Cormorant
Great frigate birg
Lesser frigate bird
Christmas Ia.frigate bird
White-eyed qulil

Sooty qull
Gray-headed quil
Siender-pilled gull
Whiskered term '
Cull-billed tern
Cagpian tern

indian k.ver tarn
RoBeate tern
White—-cheeked tern
Black-naped tern
Bridled tern

Sooty kern

Little tern
Saunders*tern

Greater crested tern
Lessar crested tern
White tern

Brown noddy
White—capped noddy
Leager noddy

P EO D o g

nian ]

mex0omMm ™

1 Ht{lm {1103

E RNy

+ + +

+
+ +

+ o+ + + +

+ +
+*

+ o+ +

*

+ +

o+ [

+ 4+t 4+

+

+ +

++ 4+

++ + 4 + +

+ o+ o+ +

+ + +

4+ + 4

101+ +

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

irdimabksas arndamic ke mmeds mF b Tediaw Mo mo _F -



Table 5

Sources of Primary Production in the Indlan Ocean Region

Tetal Bnnual

Average Percentage of

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

tons C
Qligotrophlc Central Subbroplcal T 27 0.% x 1&9
Equatorial Divergenca 200 T4 .7 ¥ IEIg
Coastal Upwelling 340 12 1.0 x 107
Neritic (Coastall 1600 1 1.9 % 107

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




Table &
Surmary of Fish Catches Pron Indian Deean Regdons, 1073-10403

Cantral Tndian Qoo

Esstern Indian Josan

G 1 IB (193 | 1973 1g7e | 19e3 | 1973 (1978 | 15
Egypt 4.4 3.1 13.5 §
Axtan 0.8 0.7 4.3
| Ethicpia & .8a - O.4a '
Jmlia .08 B.4| 1558 r
kermya 4.0 4.5 Bt
Tazania 1.0 4.3 35.5
Mozambigue 13.3 | 2.3 1
Mecingaecar 2.2 | 125 12.3
Seychel les 1.0 PN B
MEritius 4 T4 9.5
Rerdien 2.5 2.01 3.0a
Comeers 3.0 08 4lm
TOTAL African C. 1374 [ 124 4] 1660
Zaxli Arghia 4| XS Aaa
Yooy Arab Bepubl e 10,00 19.2| 122
Yemen People's Damocratic Bepublie 1435 L 0| TR
Cinan 18).0a)l T3.0a 108.H
Qatar 228l 2. 2
Batrain 1.5 4.0 6.8
ki ted Aral Feirates 43,0 Bl T3
Famit g2 6.3 &
Ira; 6.3 HB.ha B.0
Irm 16.9a| 54.3( 30.0al
Paldstan 209.1 | 278 283.0
Irdia 9681 [1081.0(1060.0 | 262.3| wE.T| 51B.3
i jinees BT | X8 BS
5 Ianka o4.7 | 125,81 1879
Buma 33| RO G205
Bangladesh A8.0| 118.0 144.0
Trailax 24.T7| 229,14 3121 |1515,5 pTaR.T (17289
Brunei 1.5 2.5 1.0
Malay=ia 0.4 | 6824 | TS0
Sirgapore 7.9 15.6 | 190
Inkresia 2.3 6.3 1639 | &4 1.3 | 1480
Combradia 0.8 10.8a 7.1
Vietram 3724 %03.0a{ 505.
Philippines 1206, 3 1995 {1271 .4
TUTAL South ayd West Aaia 1700.6 NBIS.9185. 0 | Tre 41208215412 | 4B61.7 BG4 4 15686.4

hiote: 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

Westerny Indlen Ozean | Central Indian Ocesnf Esstern Indian Ocean
1975 1978 | 1983 1673 | 197R | 193 1973 | 1978 19
Japen c) 2.9 237 2. B3} 1T 1.7 01637 2952 | 2eAE
E'hlﬁ 2614 &3-!2 UI-U' - 15!5 119 - T515 1?-6
Taiwan .5 6.2 18.5 1 1.5 13.01 104 T4 TA 4.0
=5h 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 ] - -1 205
Italy - 0.3 1.4
oeain e | 2.1 -
TOTAL, ror-local 127.8 | 1232 137.2 | 33| 49.45[ 24.C | 171.1| 2679 | 269
TOTAL, Afrdca 137.4 | t2a.4f 1460
TOTAL, Scvth and West. Asia _ 17066 [ 1BTS. 38060 | TT5.4 [ T26E. 2 N6 .2 [EE1.T 9065, & | ShHE 4
TOTAL FAD area bi 1977.9 [ 206T.T |186.1 |S72.8°33. 917742 B1168.4 (59630, |6150.9
biores: al FAD estimates

k) FAQ statiskical areas are rather larger than the area under reviaw.
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.
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The following outlines of project proposals have been prepared in the light
of the conclusions and recommendations as have been developed in the present
report. :
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&, EREEF SFDIMENTATICN

Main Interested Arsas: KAP region: Bastern Africa; East Asian Seas region.

Background

Sedimentation of ocoral is probably the major impact leading to degradation
and loss of reef communities in the IOR. Heavy sediment loads arisze from
dredging, infilling and other coastal construction work, and are increasingly
brought down river as a result of extensive inland deforestation, land
mismragement and soil ercaion. Despite this, the effecta of sediment on corals-
have not baen ful ly quantified and there are no pracise estimates of how mich
sedipentation different ooral species are able to tolerate. In addition, it is
necessary to determing the moet appropriate pethods for raducing sedimentation
during dredging, infilling and other coastal engineering work, and to examine
the feasibility of reducing soil erceion and the increased sediment loads being
married by rivara

The Project
The project wauld invalve several parallal =lements:-

a) & mopnitoring programme would be establiahed to record rates of
sedipentation on reefs in several countries where sedimentation is a
mjor problem (e.q. Kemya, Bshrain, Malaysia), and to monitor adjacent
coral assemblages. Particular attention would be paid during this
work to testing and comparing the valvoe of differant types of gediment

trap, and davelcoping a simple coat-effective method of recording
sedimentation.

b} A second research programme, undartaken by the same staff in
parallel with the first, would review available information anmd
undartake further desirable experinenta) work o quantify the sediment
loads which different coral species are able to tolerate gver
different lengths of time.

2} A third element would involva a panel of engineering and land
management consultants and apecialists to draw up standard
recospendations for minimising the degres of sedimentation produced Dy
dredging, infilling, coastal and soil ercsicn, eto.

d) The firal alemant would bring together acientists and engineers to
develop a simply-worded and well-11lustrated rocture or small book let
tor distrilution to relevant government departments, engineering
contractors, ete., publicising and explaining the problems of
sadimentaticn of ooral commnities, and the actions which should e
taken to limit this.

Staff Inwolwved

a}) & b} Three scilentists and ome gupport staff for twe years, to
viait field sites and work ino ocollaboration with local
scientists and personnel. Operatiomal oosts.
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Travel and sacretarial coats.

. Workshop, Travel and per diems for participants.

avidense astablishing effects of sedimentation in reef areas
under studyr ’

recomrended procedures and methods for minimising sediment
load due to dredging, infilling, soil erneion etc.:

recommended standards and regulationa to enforce use of
mathody minimising sediment production;

recomrended methods for measiring sediment load on reef and
othar areas;

information oo the tolerance limits of reef corala and the
effects of sedimentation oo ooral oommanites.



B. CRITICAL RESOURCE AND HRBITART SJREVEYS

Main Intersstad Areas: A1l reqims.

Background

In view of tha rapid deqradation 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 sgtablishmment
of mrine parks and reserves and fisheries management and omservatlon areas.

Buch broad scale critical rescuaroe arnd habitat aurveys have or are being
undertaken in some countries 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 tocklet be prepared which would present this . -
information and provide an introduction to the more corprehensive volums
. regearch mathods prepazed by MESDYD (1378, 15%84ash, & in prep.}.

The Project
The project would inmvolve two elembntgc-

a] completion of a model critical habitats survey in saveral countriaes
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—

- introductsry manual on organisation of and mathods for
critical hakbitat surveys.
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©. HABITAT DIRECTORIES AND DATARASES

Main Interested Arsas: All reqgiona.

Background

In view of the rapid degradation and destruction of productive oritical
rabitats (mangroves, ooral reefs, seagrass beds, mad flaits) taking place in many
parts of the region, it is essential that epvironmental managers and decision-
makers have information on the extent and status of these habitats within their
regirms. Such informatism can assist in generating plans o manage and protect
these habitats by directing residential and industrial davelopmants alsewhera,
bw appropriate zming of the osst ard inshore waters, and by the eskabhlishment
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 particular 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 Detabase to incorporate
informaticn from satellite imagery, and IUN 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 (1985)
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 c=an be
appreciated and underatood

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 axrdinate training
and assistance and disburse infarmation to national agencies; it is

ted that IUMN, BNESYD, and MEP oould assist in supplying these
secretariats anvd database facilitias.

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

aoral resfa

IRIGIOves

seachays beds

mulflats and associated wetlands
emall islawis )

kelp forests and almal cosmimities
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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.
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B HETWORKS

Maipn Interested Areas: ALl regions

Background

Vital habitats {mangroves and coral reefs) and resodrces {(figherias and
endangerad species) are being depleted in may parts of the Indian Ocean. Loml
specialists and rescurce managers need asaistance in developing management
methods, -introducing aperropriate 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 areas.
UMESD have recently sstablished a regional network of mangrove scientists and
managers, and ICLARM {Philippinea) have developed a network of Fisherias
Managers in the reqion. It is suggested 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 geoientists 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
establishimg petworks for turtles 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
egtahtl ishment of particular networks. The networke should not be too structuresd
or formal but should be open toall interested parsons within the region, and

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

a) girculating of newslettars. It is suggsstaed 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 anl
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 eo far as is
possibile, involwve practical managersnt work or investigatione in the
field This would agsist loxz’) acientists and rescurce panagers in
abtaining information about methods and management teachnigues, and
generally enoourage them in thair work.

=% _w I = __._1 —— B W, - oo - i . ' - -
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management and enforcement methods, in the context of the IOR, and
specifying a standard set of laws ard regulations which should ideally
be adopted hy each country of the I0R where no comparable legal
control already existe. However, expensive international meetings
shcald not e a priority.

Staff Imvnlved

Initially 57 part-time co-ordinators. Sacretarial and adninigtrative
SXPETISES .

Limited funds for intermational travel.

atpat
The formal autputs would be:-

= the annual or semi-anmual newsletter
- short reports by those involved in exchange visits
= booklets resulting from workshops [at a later staga) r

—  a set of recowwmended laws and regulations for adoption by
menber oomtries.



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 partioularly 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 aanage reef fisheries. Tha aim of tha project
would e to examine these methods, eg the extent to which catch and effort
statistics, or changes in sizes of individual species can be used in assessment,
or whether closed araas or . geasons, 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 and apalyse 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 szpecies, eto) on eaxploited 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 Pesearch Aagiatant - & mooths

Typing, mblication

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

Main Interested Areas: East Aglan Sems region; South Asian Seas region: KAP
region:

Backgramd

Following increased axploitation, eg through the introduction of brawling,
there have bean large changes in the species composition of a nomber of
communities. These changes are important in themsel ves, especially whan some
spacies decline very greatly, and also, because of the differences in value
between apecvies, of some econowic significancé. The mature and. couses of these
changes are not well understood, and with some axcepticns such as the Gulf of
Thailand, are not well documented. A better understanding of thesa changes iz
eszantial in forming a sanagement policy for the resources involved Becwsae
sipdlar changes seam to have ccourred throughaout mich of the Indo-Pacific region
it wenild be useful to have omparative data for the whole ragion.

The Project

The project will ooncentrate on establishing a good data base an species
changesd, especially in the demersal commmities. It is believed that outside
the pizlished literature information also exists in urpiblished records of loml
fishery offices, resulta of surveys, etc. These data can best he chtained by
vigits to the offives concerned. By going back tooriginal records it may be
poasible to distinguish between species that are lumped together in later
compilations, eg tabulation of total national catch. Such grouping ia often
inevitable for some tabulations aince the numbar of speciea ia vary high
(perhaps several hundreds), ut for scme scientific study it will be important
to keep a separation _ .

The project will therefore have twoe min thrusts, FPirst, the examination
of past data, to emcract what inforsetion thera is on species coaposition, and
to place it in a readily acoessible data base., Second, tn onl Laborate with tha
appropriate national offices 3o that Future information will be readily
accensible. _ '
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G, ASSISTANCE IN OVERFISHING STUDIES

Maip Interestad Areas: Fast Asian Seas region.

Dther Interestad Arsas: South Suian Seaa: Fastern Africa.

Eackorourd

Many stocks of fish and crustaceans are cverfished, and management is
needed. The scientific advice on which the necessary management actions are
based comes from the fishery research institutes in tha countriesz concernad.
These institutes are, in general, doing a. good job, but do need furthar
strengthening and support. Responsibility for this Lies with the naticpal gov-
ernments, but cutside assistance from thae internaticnal community can be
effective in assisting these institutes in arrying out their taska.

Because the problems are similar in a mumber of coumtries, one productive form
of asmsistance is the promtion of exchange of information, and the dave looment
of techniques capeble of general application :

The anjmt
From the great variety of possible forms of intermnaticral cooperation, the

project will focus on bwo that appear particularly gignificant. The first is
the developmant of a coowon data base syatem that will facilitate the axchange
of information between countries. This will take advantage of the recent
davelopmenta in computing, which have put the use of computer techndlogy,
especially micro-comywters, within reach of moet countriss in the region The
seand is related and will deal with the developmemt of oputer based mathods
of stodk agsessment apd analysis, particularly the methoda that ara not tied to
tarperate water condicions, and are therefore sore applicable o the ragion



H. TR MANAGEMENT WORKSHOP

Main Interested Areas: Eastern Africa {island states); South Asian Seas
I'Sgicet.

Dther Intereated Areas: Red Sea and Gulf of Aden region; KAP regicon.

BackEIE.E.' d

For maoy years, up to 1983, the tuna fisheries in tha Indian Qcean have
changed little. There was a moderate sized lengline fishery by Bast Asian
countries cn large tuna, and significant local fisheries arcund Svi Lanka and
the Haldives. Otherwise satches wara small, and except for the larger sizes of
Yellawfin, Albacore, Bigeye and southern bBlusfin in the Scuthern Indian Ocean,
the stocks wers much less than fully explolted. In the last couple of years a
larga French and Spanish purse seine fishery has developad, matly based in the
Seychalles, catching Skipjack and Yellowfin At the same time, ssveral moastal
states, partly as a réault of the establishwent of 200 pile EEZs, have becone
more aware of the tuna resources of the Indian Ocean and have falt that the
coastal states around the Indian Ocean shouild raceive g greater share of the
bPenefit from these resources,

The rapld increaase in fishing effort, and the conicerns of the coastal
states are raising gquestions on how the tuna resources should be manaced. These
involve difficult biological and politieml problems. Becauss several of the
species migrate over large distances - more than the fill width of the Indian
Ocean in the cage of scuthern bluefin tuna — thage prablems neosd 0 be axamined
an an ocean-wids bagia.

Some aspects are already teing handied, The FAO/UNDP project in Colombo is
compiling ocean-wide statistics, though it seems to be meeting problems in
obtaining sufficiently detailed statistics from some relevant cwmtries. TAO id
alsc planning to arrangs, as part of the activities of its Indian Ocean
Fisheries Commission and its Tuma Management Committee, regqular meetings of tuna
scientiats. However thage arrangsmentg, though important preliminaries for
management, d0 not adiress the mnagement problems diractly.

In the long run it swy be desirable to satablish, for the Indian Ocean, an
independent tuna commission, such as ICCAT in the Atlantic or IATTC in the
eastern Pacific in order to achievae effertive ranagepent, including conservaticn
of the stock, and adequate participation by coastal statas. This would take
time. In the short run, it might be timely to examine the advantagas and
disadvantages of this, and other posaible SR OnGHues.

The P'rnjet:t

The project would arrange for a workshop of technical experts, o axamine
alternative approaches to tuna management in the Indian Quean, including the
arrangenents necessary for collectiom, repocting and ooopiling of statistics,
and for scientific reagarch. The sutput would be a report setting cut the
alternatives, and the actiocna that would be hacesLary to inplement them




I. CETATERNG .

Incidental Kills

Area: South Asia Seas region

The Indian Ocean sanctuary should in theory provide an ide=al protection for
the large cetaceans Of the whole region. However, elszewhere in the world large
cetaceans are killed incidenially to fisheries' operations while the scale of
kill to small cetaceans in a variety of fisheries has been considerabla.

This iz of particular concern for smll cetacsans in the Scuth Asian Seas
region. A project aimed at survaying the extent of incidental killing of
vetaceans in the waters of this region would be particularly timely, A survey
has been conducted in Sri larka and this omuld serve as a mdel for surveys in
other areas. The extent of the resources required would shviously wvary
depending on the waters concerned. Accordingly, ioitially it might be
appropriate to oonsider a feasihility stuly for surveying incidental catches in
the entire region. This could act as a prelude to a2 detailed study inwelving
all the countries of the region. The feasibility study icself could be
performed by & consultant operating for 34 mopnths.

Cetaoedn Suneay

The KAP region and the Gulf of Oman are both areas where knowledge of the
abundance of cetaseans is very limited. The Gulf of Omany because of its high
producriviby, might be ayxpectaed to suppert a significant number of cetaceans.
The topography Of the area lends itself readily to the sort of boat-based survey
already omnducted by the TULIP in Sri Lankan waters. Such a survey might well
complement work on other marine resource problems of the aread
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. DOEHG SURVEY

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

Other Interested Areas: Eaastemn Africa.

Backgrcumsd

The Dugorry is an endangered species, and has becowe very rare over all of
its range cutaide eagtern Indonesia, Papua New Guinea and northern ARustralia,
It ig Aifficult to determine appropriate mAragement mneasures because of .the very
poor information on hew many Dugongs are left, and whare the main concentrations
are, '

Tha Pmrjecl:

A survey will be carried out in selactad areas, using a small ajircraft
flying according to a carefully designed grid, using standard wildlife cenaugi rg
procedures. The two main pricrity areas will be parts of the Red Sea, because
this is believed to contain the largest population of surviving Dugongs cutside
its sastern stronghald, and the EAP region, because the atock hers seems to have
been severely affected Ly recent oil spills. The possibility also exists of
carrying cut similar surveys in other regions.

Staff and Other Costs (per survey)

Hire of alrcraft {(including pilot) = 2 montha
1 senior ascientist - 2 months

1 chearver/rasearch assistant - 2 acnthe.

ol At

- Maps showing the distribution of Dugexys, and estimates of
the total nambarg in the syrvey area,
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K. PBLIC AWAFENESS

Main Interested Areas: Al reqicns.

Background

Amarensss by both the general pablic and by governmental and crganisational
decision makers of the great value of renewable marine resources, and of the
urgent need to protect and manage them, is fundamental! to securing the
presarvation of the snvironment and the sustainable use of resource apacias,
Environmental conditiona are ocooparable across madty parts of the IOR, and many
areas have many species in common. Tharefore it ia suggested that there is
considerable potential for cooperation and coat cutting in generating piblic
marensas moterials (posters, leaflets, pooklets, slide sets) that sy e used
and ciroulated acrcas the whole IOR

It is propomed that a small project team be established to ganarate puablic
awarensss mtarials and to stimulate their distribution and use. The materials
would be produced either without & text, or in auch a way that local text can
easily be added to pictures and illustrations which can be used in Ay country.

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

production of posters, poat cards, stickers, framed plectures for uae in
governmental offices, etc., slidan and perhaps a calendar. in each case taxt
can he limited to a slogan or short paragraph, :

It is suggested that attention should also be given to the design and
production of a reaiily comprehensible and strong durable aign, indicating that
an araa is protectad and that fishing, collecticn of eJJs, curals, shells or
damage to marine lifa is forbidden. Thase might be mass produced and
distributed in large numbers to participating countries for use in protected
areas, marine parks or reserves,

Staff Inwvolved

1 scientific ap-ordinator, 1 assistant /technicial, 1 secretary.
Punds for production and circulation of meterial.

Limitad travel funds to oversee distributicn mnd discuss use of

materials.
Eutmt
- Seta of poatars
poatcards
framed pictures
stickera
a1idaes

- Calerdar
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