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PREPARATION OF THIS STUDY

In 1933 GESAMP was asked by its sponsoring agenses to prepare a study identifying threats o
marine hiodivarsity and their consequences. GESAMP agreed thal an appropriate starting point
towards achieving such an aim would be to prepare the cufline of a review sewting out the main
1zsues of manine biodiversity, to analyse the threals 1o diversily and to suppest a strategic outline
ot [ratnework identifiing actions which would ensure conservation of marineg biodiversity.

Prof. John S. Grov, a member of GESAMP, preparad the review which was approved by the
Group at its twenty-sixth session in 1996 for publication i the GESAMP Reports and Studies
EETies.

This study has also been published in Biodiversity and Conservation Vol.6, No.1, Chapman and
Hall, United Kingdom, 1497
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ABSTRACT

GESAMP (IMO/FAQ/UNESCO-IOC W MOMWHOTAEATUNUNEP Joint Group
of Experts on the Scenbfic Aspects of Marne Enviroomental Protection)

Manne Biodiversity. pattemns, threats and conservation needs.

Reparts and Studies GESAMP. No.62. London, IMO. 1997, 27p.

Manne biodiversily is higher in bentldc rather than polagic sysicims, and in coagis rafher than
the open ocean since there 15 a greater range of habitats near the coast. The highest species
diversily ocours in the Indoncsian archipelago and decreases radially from here. Ihe
terresirial pattern of incregsing diversity from poles to fropics cccurs from the Arclic (o the
trapics bzt does not seem to occur in the southem hemisphere where diversity is high at high
latitudes. Losses of marine diversity are highest m coastal areas lacgely a3 a result of
conlbicling uses of ooastal habitais. The best way to conserve marine diversity is to conserve
babilat and Landscape diversily in the coasial area Marine protected areas are only & part
of the conservation stratepy nesded. It is sugpested that a framework for coastal
conservation is imograted coastal area manapement where one of the primnary goals is
sustainable uze of coastal biodiversity.

Keywords: patterns of diversity; threats;  habitat and landscape conservation;
integrated coastal area management,




1 INTRGDUCTION

Although here are a number of general reviews of biodiversity, such as the Global Biodiversity
Assessment (Heywood and Watson, 1995) and Huston’s {1994) more theoretical approach, there is no
concise synthesis of manne biodiversity in relation to cotservation needs. Short general reviews cover
coastal-zone biediversity pattems, {(Ray 1991}, deep sea beathic diversity, (Grassle 1991}, marine
benthic bitdiversity research, {Lambshead 1993}, manne functional diversity (Steele 1991, coral reefs
(Tacksom 1991), foraminifera, (Buzas 1991}, fish diversity in the Cartbbean (Robbins 1941} and whale
and dolphin diversily (Pemmn 1931).

Angel (1993) reviews possible causes for the pattemns of the pelagic biodivarsity in the eczan
and Suchanek (1994} temperate coastal marine biodiversity showing that temperate systems are among
the most productive and diverse. Ceral reefs, with their associaied flora and fauna, although highly
diverse, ar ¢till relatively pocrdy described and their Amctioning is not well wndersiood (Scbens 1094),
However, not all coral reefs are highly diverse, inchore shallow habiiate on the Pagific nm have
physically tolerant species to elevated temperatures and surface iradinnes (B.E. Brown pers, comun,)
and are threstened by exploitation, dredging and removal, Such low diversity areas are also in need of
conservation. Pao (1991) has reviewed the threats to mangroves and statea he objectives for thoit
cotiZervalion as: mainienance of genelic resources, snstainable ntilisaion and conservation or
re-creation of suitable habitats.

The research agenda for biodiversity has been (ully expounded by Solbrig {(1991) and Grassle
etal. (1951) and moie recently for marnne bicdiversity by the U3 Natonal Research Council, (19493},
Theze set out prionty research problems yet do not deal with congervation aspects of marine
biodiversity. The purpose of this paper ig W give a concize ceview oF maring biodiversity expluining
why it i5 different from terrestrial and frechwater diversity, analvze the threais and sugpest congervation
neads.

2 WHAT I3 BIDDIVERSITY?

Al the United Walions Conference on Environmenl and Development in Rio in 1992 the
Convention on Biological Diversity was concluded. Subsequettly it has been signed by the requisite
number of nations and has now come inta effect. In the Conventien Biolagical diversity is defined as:

“Tha variability among living organisms [rom all sources ingluding, infer afia, lerrestral,
marine and oither aquatic scosystems and the ecological mmplex&s of which they are a part;
this includes diversity within species and of ecosystems.”

Biological diversity is often writlen in shorthand a5 biodiversily and hars the two tanmns ara
taken a3 being synonvmous.

2.1 Gensatic diversity

The most basic level of biological diversity is that found within & species and 15 known as
genetic diversity. Genetic diversity encompasses the vaniation among individuals within a population
in fheir genetic make-up and the genetic vanation among popuolations. Fach species consists of one or
mpre populations of individuzls. A population is wsually defined az a group of individuals that can
mterhreed and, if sexually reproducing, can interchange genetic material. Different populations tend
to diverge genetically due to their having limited genetic mixing or nmitations, natural selection, genatic
drift and the accumulation of selectively neutral nutations, Thus thers are penatic differences both
among individoals and among populations. Papulations with higher genetic diversity are mor likely
to have some individuoals that can withstand environmental change and thereby pass on their ganes to
the next generation {Nevo et al. 1987). On an evolutionary time scale (over many generations), genefic
diversily is higher in species which characterise unstable, stressed environments when compared with
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dezp sea species. Mevertheless even this lower figure would be 2 substanfial incresse in the
gpprovimate figure of 300,000 known marine species.

Over geological time there has been a large change in the ratios of orders to families to genera
o species. A rapid increase occurred in higher taxa (orders and families) until the Ordovician when
diversity Jevelled off. To the Permian, some 50% of marine families became extingt (Raup 1979,
Sapkoski 1979, Sephoski 1984, Sepkoski 1951} The number of species has increased enormously in
recent geological time, more than doubling compared with those present 100 million years ago
{Signor 1994),

Moaost marine species diversity iz benthic rather than pelagic (Anpel 1993). Thisz is a
consoquence of the fact that the macine fauna originated in benthic sediments. The pelagic realm has
an encrmous volume compared with the inhabitable part of the benthic realm. Yet thers are only
3,500-4,500 speciea of phytoplankion {Soumia & Chretiennot-Dinet 1991) compared with-the 250,000
species of flowering plants on land, Angel estimates that there are probatly onby 1,200 aceanic fish
species apgainst | 3,000 coastal species, In the pelagic realm, diversity is higher in coaslal rather than
cceanic areas (Angel 1993) and theralore, elorts should be concentrated in coastal areas.

Another highly imporiant aspect of species diversity is endemisoy, {that is the species ocowr in
a restricted locality). The Antarctic has a higher degree of endenism than the Arctic. In the Red Sea
90% of some groups of fishes are endemie. Overall however, only 17% of Red Sea fishes are endemic
{Shoppard 15994}, In a sorvey of 794 pan-iropical fish species Roberts et al. (in Sheppard 1994)
ghowed that 17% occopied onty ene gnd square (223 x 223 k). In the Indian Ocean of the 482 coral
gpecies recorded 27% occur only al one site (Sheppard, 1994) and of the 1,200 spocies of echinoderms
al 16 sites, 47% occurred ai only one site (Clark & Rowe 1971). High degrees of endemicity pose
particularly severe problems for development of conservation stratemies. Questions that need to be
raised are; Are all species equally important [or conservalion purposes? D somne endemic speciod
play more sipnificant rales than sthers in the arueturing ar functioning of the habitat concamed?

The urgency of the need for assessments of species diversity has led to the development of a
number of new “Tapid assessment™ techniques. Non-specialists have been frained in a fow days 1o sorl
samples into taxonomic groups with a high dagres of praciston {Oliver & Beatte, 1993} Whilsi the
identification of the acal spacies must be done later by specialisis these techniques allow rapid
asgesgmond of the species diversity of areas fhat have not been fully studied. These methods need to
be further tested in tropical marine areas but show great promige,

2.3  Phylatic diversity

In the manne domain there are more animal phyla than on land. Thirty five phyla are mating
and of thase 14 are endemic whereas anly fourtzen occur in freshwater, where none are endemic eleven
ara terrestrial with one phylum being endemic and 15 phyla are syobiotic with 4 being endemic,
(Brigps, 1994; Ruy & Grassle, 1991) This figure includey the newly deseribed phylum Cyveliophora
found in the gills of the Norway Lobster (Funch & Kristensen, 1993). Thus phyletic diversity is highesl
in the spa  Of the 35 marine pliyla only 11 are represented in the pelagic realm (Angel 1993), most
phvla eccur in the benthos which is the archetypal habitat Diespite the fact that there are some rare
phila containing only a few species, it is extremnely unlikely that present environrhental threats will lead
to reduction of phyletic diversity.

24  Functlonal diversity

Funetional diversily ig the range of functiong thar are performed by organisms in o system.
The speciss within a habitat or community can be divided into different functional types such as feeding
gnilds or plant growth forms or into fincfionally similar to<a such as suspension feeders or deposit
leeders. Functionally similar species may be from quite different taxonontic entities.
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contam are termed habitats. Habitat diversity is a more useful term than that of ecosystem diversity
since habilals are easy to envisage (e.g. a mangrove forest, a coral reef, an estuary). Furthermaore,
habitis often have clear boundaries. Habitals have been termed “the template for ecology™ {(Southwond
1977,

Thara are strony relationships between sampling scale and the processes that influence diversity
(Huszton, 1994). At sinafl acales all gpecies are presumed to interact with each other and 1 be
competing for similar limiting regources. Ecologists have called this wilhin-habitat (or alpha)
diversity {Fisher et a 1943, Whittakar, 1960, 1967 At slightly larper scales habital andfor commumty
bovndanes are crossed and sampling covers more than one habitat or community. This seale hag bean
called between-habitat (or beta) diversity (Whittaker, 1960, 1975, 1976). At an even larger scale
(reyzional scale) where evolutionary rather fhan écological processes operala, the palier has been called
gamma diversity of taore tecently landscape diversity (Whitlaker 1969, Cody 1936). Landscape
diversity can be dafined as the mosaic of habitats ¢ver larger scales often hundreds of km. Franklin
(1993) discusses landscape diversity in relation to biodiversity conservation. (Ray 1991) calls (he
mating equivalents seascapes). Much attenlion has been given {o ways of conserving landscape
diversity on land, Clearly a piven habitat can be maintained bul landscape diversity can be reduced if
the moszic of hahilats is altered. It 5 clearly important, therefore, 10 gpecify what scale (rnd hence type
of diversity) is boing studied.

In an important recent paper Tuomisto ot al {(1995) have shown from an analysis of satellite
imagee followad by extensive ground truthing that beta diversity has been greally underestimated in
uopical rain forests, Since the bebween-habitat (beta) diversity has been indersstimated then the
landzcape diversity will also be imderestimated, The authors point out that te conservation value of
differenl areay depends on a sound estimate of between-habitat and landseape diversity, This is 2 topic
that will need thorough consideration and discussion in any future conservation steategy.

Within coastal areas there are 8 wide variety ol habitats with known high species diversity such
as seq grass bads (MoRoy 1981), ¢oastal sedimentary habitats (Gray 1994}, mangal (MacNae 1968),
{Walsh 1974) and coral recfs (Loya 1972), (Huston 1985), (Sheppard 1980). Ray & Gregg (1991)
have analysed the corstml wetdand areas of Vitginia and the Carolinas, USA and conclude that there are
large differences in the proportions of sall and freshwater marshes, forest/zcrub-shrub and Kdal fat
areaz which lead to differences in biodiversity between the two areas. Ray classifies marine habitais
nto 20 categories as a basis for characherising coastal areas, (Ray 1991). Coral reefs are themselves
highly variable with Iarge diflerences between the reef flat, rasf crest and reef slope both in coral and
assnciated species and sach compenent is probably best considered as between-habitat diversity. Hard
rocky surfaces bave a rich encrusting flora and fauna, for example in clumps of mussels. Sochanak
(1992} found over 300 species in Washinpton, USA, and within kelp heldfasts (Laminarta digiiut)
in boreal areas Mocre (1973) found over 350 spacies on the spacies poor Bost coast of UK

¥et it is not ouly the high diversity areas that are in need of conservalion. I is oflen in low
diversity areas that productivity is highest and humans exploit these systems (e.g upwelling areas and
estuaries) for food resources and other uses. Estuaries with low specivs numbers due to salinity stress
are habitats that are under severe threals from urbanisation and industrialisation. Arctic marine systems
bave relatively low diversity and there are low diversity coral babitais that are subject to a variety of
threats. Thus one cannot sel prictilies [or marine diversity conservation based simply on habitats with
high diversity,

Ray {1991) argues cogently that biodiversity assessments need to be made at the community,
habitaj and landscape levels if we are to predict changes over time, Tn a review {by WWF, IUCN and
UNEP) of ways of conserving penetic diversity of freshwater fish it was recommended that the best way
to conserve species diversity is to conssrve habitats (Nyman 19%1). CGgden {1988) and Ray & Ray
{1952) give examples showing species that uge a coval reef during the day and migrate (0 seaprass beds
or mangroves at ught Often sea grass beds are an integral part of the coral reef system.  Thas it is the
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time, which have given rise to allopalric speciation, (speciation caused by the eraction of physics
boundaries between populations) followed by periods of reunification which has given sympairic
apecialion {speciation within a papulation, usually cavsad by competitiva interactions). Throughout
geological tima there have been massive extinctions followed by rapid evolution and speciation
(Kauffman and Fagerstrom in Huston 1994),

33  Other maring hlodiversity patterns

Anotiier pattem thet has received much allention is that in soft sediments with increasing
diversity from shallow aress to the deep sea (Sanders 1968). This has recently been confirmed by
Grazsle & Maciolek {1993) in a study along a transect of 176 kon off the US East coast at depihs of
between L500m and 2100m. A tatal of 798 species was found among 90,677 individuals From an area
sampled of 21m*.

I has been assiomed that the data presented by Sanders are representative of g genersl patiern
of low species diversily in shallow coastal areas. Surprisingly no-one has questioned whather or not
this iz the case. This is all the more remarkahls since thers are vary large numbers of studies done in
coastal arens. Using data oblained from the Norwegian continental shelf in the MNorth Saa Cray (1994}
found over a distance of 1200 ki a tetal of 620 species from 29,582 individuals, These data together
with those of Poore and Wilson (19%3) raisa the quastion of whether ¢oustal biodiversity shows velues
as high 2z that of the deep sea. More quantitative information from coastal areas iz needed particularly
from tropical coasts and from the southem hemisphere.

4 THREATS TO MARINE EIODIVERSITY

With the exception of ocean dumping and UV-B rafiation there are probably few human
actvities posing mger threats to oceanic diversity, Howevyer, long-transported materials enter the open
ocean system and there are concems about effects of organochlorine compounds on planktonic and
benthic systems. The oceanic system iz apen and continpous and it 15 unlikely that contaminants will
lead to measarable effects on diversity, such as local or regional extinctions, Organisms that live near
tectomically active zones where plates are diverging bave high diversity and nawrally high levels of
heavy melals ad derive their primary energy from: chemossynthesis rather than frem sedisenting
products of photosynihesis.

Most of the threals to biodiversity are in the coastal zone and are a direct reault of human
population and demographic trends. The wotld population has mare than doubled sice World War
Il and is expected to increase from 5.5 billion in 1992 to 8.5 billion by 2025 {{N Population Burzan,
Anon 1997), Morz important however, are the demographic trands of increascd population demsities
incoastal areas bt is astimated that 67% of the plobal pepolation lives on the coast or within 60 km
of the coast and the percentage is increasing (Hammond 1992}, Within 30 years this population will
double, (Norse 1994). Furthermore, many of the largeat cities in the world, where population prowth
rates are highest, are near the coast {e.g. Sao Paulo, Shanghai, Elong Kong, Manila, Djakana). Thegs
burgeoning populalions increase pressures on uiilisaion of resources in coastal areas and in addition
lead to habitat degradation, fragmentation and destruction. This is a special problem in Indonesia
where tha highest marine diversity is foomd near to centres of high hnan populatien growth,

There are a number of recent reviews of threats to coastal systems (Fluharty 1994; Lundin
1993; Norse 1994; Suchanek 1994; Sebens 1994), These threats are: habitat loss; global climate
change: over-axploitation and other effects of fishing; poflution (including direct and indirect affects
of morganic and organic chemicals; evrophication and related problems such a3 pathogenic bactatia
and algal toxine; radionuelidas), speciss introductionsfinvasions; water-shed alteration and physical
aherations of coasts; ourism; maring litker; and the (act that humans have linfle perception of the oceans
and their marine life. The threats frequantly ara interlinked, All the reviews agree that the mast criticol
threat ig habitat loss. This iz echoed in the recenit Global Biodivérsity Assessmant (Hevwood and
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assessmenlt programme and discusses sampling desiygns which are appropiiate to the measurement of
the condition of a given habitat or area and finally discusses the tvpes of managerial action that are
needed to complete an assegament,

Anocther severe problem is that whilst habitais may ostensibly be maintained they become
divided mlo amall frapments. There is a large ecological lileralure on hese so-valled "habital islands
with theories of maintenance and loss of diversity within such islands {MacAdhur 19567, Willismison
19833 Huslon {1994) discusses this m a peneral conlext Small *habilal islands® thal are remols from
the main poeol of species have higher rates of species extinctions and lower imrnigration rates than
larger “habitat islands® or “habitat islands” that are nearer the main pool of speties. Fragmentation ol
habiiaiz is eopectad 10 lead 10 loases of species diversity. However, in marine coastal areas few siadies
have been done that quantify species loss with loss of a given area of habilal.

Hom (1975} and Connell (197&) have shown that diversify is often higher m habitats that are
subjected to some disturbance than in undisturbed habitats, the “intermedizte dislurbance nvpothesis™,
This is due to the disturbance creating space for new species to colopise, The spatial and iemporal
scales of the disturbance determine whether or not diversity mcreases or decreases. The species within
a given habitat are adapted to the natural disturbance scales and are not necessarily adapted to
man-made disarbances so that one cannot assume that man-made disterbance will increase diversity.

One chportant aspect that also needs to be considered is habitat restoration. On land here je
a long tradition of restoring habitats, such as mining waste fips. There are some examyples of habitat
restoration in the marine environment, such as the well-publicised clzan-up of the River Thames in UK
where 2almen can now be Fnmd in London. The developing scisnce ol restoration ecolopgy should be
a part of a sirategy for conservation of coastal biodiversity.

4,2 Global climate change

Pemedta (1993) has reviewed the potential implications of climate change for a number of
tropical areas. The most publicised consequence of plobal climate change is that of sea level due with
gevere affects likely in the Maldives and Tuvalu which are only 2o and 4. 5m respectively above sen
level. Bangladesh is expecied to lose 12 to 28% of its total land area gver the next century as a
consequence ol pradicted sea-level nse. Coastal welland babitats are likely 1o suller since welland
subsistence and formation probably cannot ocour at rates of sea level rise above 10mm per vear (Norse
19%4). Wetland areas are important not only for the species they contain, their function as nursery
arens, but also for stabilising coastlines and for protection against hurricanss and storm surges.

The most significant efdect of global climate change on ¢oastal systems 13, however, Likely to
be altered due to storm events and ranfhll patterns. Ttis predicted that the return period of storms will
alter so that the |04 year storm occurs every ten years and the ten year storm annually (Houghton &
Jenkins 199G). Such events are likely to be highly sipnificant for nutrient transport to the coasis, for
mixing processes in constal areas and for current and frantal gystems. As vet, the models available are
not able to make sufficiently accurate predictions of likely consequences at regional levels, mainky
hecanse of the lack of data. A Global Ocean Observing Svstem (GOOS) has been proposed in redress
this lack of duia and its implementation is being planned by UNESCO-I0OC, UNEP and WMQ. There
ate component modules on the Haahh of the Qceans (HOTO) and on the eoasts.

The warmning of the coastal ocean is known to lead to severe effects on corals, In 1983, 1989
and 194} the surface tesperatare of the Caribbean increased by 2°C from 28-25 to 30-31%C with
tuassive blesching followed by death of cornds. The species thar died were imponmnt in stracturing the
veef 50 that the consequences were severs and exlended over wide areas (zee Sebens 1994 for a
review), Similar evenls have been recorded m Panama and Indomesia but not with the widespread
effects found in the Canbbean (Glhyne 1990),
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sonxpht a8 2ouvenirs in meny trapical areas and since they play key rcles in controlling prey papulations,
their local extinction can iead to major chanpgas in diversity {e.g., Paing’s 1966 classic siudy on effects
of remioving keystone predators, bul see Mills el al. 1993 {or a erifque of e kevstone species idea).
Mary other species are haavily exploited and may be in danger but there is far oo littds information on
which to make a proper evaluation There is an urgent need for-betier information,

Marine mammal and sea turtle explaitation are well documented (sea Norse 1994 for an
introduction} and will not be treated in detail here, The species that are in danger are listed in the
appendices ta the Convention on Tnlemational Trade in Endangered Species of Wild Fauns and Flora
{CITES). '

45 Follution and marine litter

Tha GESAMP Siate of the Marine Envirorunent Report (GESAMP 1990) is still the mosi
authoritauve statement of the threais 10 manne life. The report emphasises that coastal areas are
affectzd by man almost everywhere and siresses that kahitd losses from a wide variety of causes il
unchecked will lead to a plobal deterioration of the environment. There is little that has happened since
1990 10 suggsst that things have changed for the better.

In recent years thera has been & recognition that heavy metals seldom pose a threat to manine
biodiversity, although there are Tocal areas where high conceniralions are still cause for conccmn, such
as areas subjected to muining waste run-olf and industrialized estuaries or fjords. There are major
concems about the long-term effects on maring populations of organic chemicals. PCB's and dioxing
have been much in Focus and there are recent concerhs aboul the face that many ofganic chamicals of
uite dilferent physical struchires seem to mimic the effects of female oestrogenic hormones and have
led 1o severe reproductive changes in terrestial species (see review of Muller et al 1995}, Claarly this
is a topic where more rasearch is needad before the threars 1o marine hiediversity can he quaniified.

GESAMP siales thal ewirophication caneed by excose notrients andf/or sewage discharged into
coastal watars s an expanding problem and ineidents are known from almost every coastal state. The
mitial effects are of alterad speces compositions bath in the water columnz and in benthic communities.
This may lead to local chanpes in biodiversity, More sevare effects due 1o low oxygen concenirations
are mass mortalities (see Gray 1993}, Other effects that have been linked to eutrophication are harmiul
algal blooms, but causal links to eutrophication are not yet proven. Nutmient abatement i
recommmatded whete eutrophication symptoms oceur.

Ciguaters, a dizease affecting the nervons and eardio-vascular syslemns, is causod by eating
tropical fish that have bigaceumulated toxine from nataral algas  Where alpal biomasses are
significantly elevated, such ss in nutrient/’sewage enriched areas, the risks of ciguatera are high; this is
a conunon peoblem in Asia and the Pacific and affects 50,000 people per yoar (Hanunond 1992),
Qther toxing produced by algal blooms affect coastal aquacubiure and occasionally human health in
bath developed and developing couniries.

Although oil is a highly visible pollutant and when spilled in large quantities can cause severe
local effecis {GESAMP 1993), it is not regarded as a significant pollutant on global scales.

Marine litter is an increasing problem for maring life and tourism, In the Medilemanean there
are 3 main sources: Litter fromn drainage sources on land,, Ltter left on beaches; and liter discardad fom
shipe incloding discarded nets and other maierials from fishing vessels, UNEP (1991). Almost 75%
of litter is plastic with Sivrofoam; metal, glass and wood being the other major components, Turtles
are patticularly yulnerabla to discarded litter. Of 51 carcasses stranded in Florida, 6% were entangled
in nets and over 50% of Green Turlles Chelore mpadias had mpestad debris which was thoupht to have
heen a major contributor to their deaths {Bjomdal 1994).
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considerable efforis that the coastal zone has been highlighted as in need of conservation (Hildebhrand,
1939, Wells & Rickeilg, 1994),

410 Summary of threats

From this analysis it is clear that there are few threats to the epen vcean and the threats are
concenlraled in coastal aveas. 1labitat destruction is particularly pervasive in tropical areas where
mengroves, coral recls and wetland areas are being destroyed at alarming rates. In temperale arsas
there are severe threats w0 watland araag and estuaries and confliets between industrial and tourist
developrasnt ind conservation are universal. The threats from commercial fishing on biodiversity of
coastal areas has been neplected

5 THE LEGAL FRAMEWORK OF BIODIVERSITY CONSERVATION

Apart from Lhe Bindiversity Convention itself the UNs Convention on the Law of the Sea
{(UNCLOS I 1982), which came inte foree in November 1994, is of major significance in relation to
bicdiversity. TUCN has recently produced a comprehensive anahsis of the Low of the Sea and other
legal issues relating to maring comservation {Kimball 1995). UNCLOS establishes & comprehensive
framework for use of the ocean and its resources. Tn addition to UNCLOS, Kimball lists other
international agreemeni= that relate to fshing and comyarvation of marine resources such as
conventions on whaling, marine mammal conservation, repional seas, Antarctic Tesources,
transboundary fisharies (e.g., salmon and fna) cie.

Other important conventions include:;

The 1971 Cenventien on Wetlands of International Importance Especially as Waterfowl
Habitat, Ramsar (1971), and (1982) Protocol, {(RAMSAR)

Convention Concerning the Protection of the World Cultural and Natural Heritage, Paris
{1972), (UNESCO) - this includes the Great Bamier Reef and the Galapagos Istands,

The 1973 Convantion on International Trade in Endangeicd Species of Wild Fauna and Flora
{CITES)

The 197% Convention on the Conservation of Migratory Species of Wild Aniral (CMS)

Thers are many regional conventions and agreements profecting given coastal areas and
Kimball (loc.cit) lists these,

Applicaiion of thess conventicns alone will not lead to protection of coastal bindiversity, Most
problems Lie at national and local community levels where there are conflicting uses of coastal areas.
Habitais such as mangrove lwesls have few supporters when economic pressures are applied. Thore
needs t be & better understanding of the importance of preserving marine habitats by local citizens,
managers, planners, economists and policy makers and enforcement of strong protective legislation if
maring bigdiversity i 1o be conserved.

6 HOW CAN MARINE BIODIVERSITY BEST BE CONSERVED?

Beatley (1991) reviews heielly how biodiversity can be protecied in coastal environments, bt
the teview lacks detail and conrains no ¢lear conservation strategy. Norse (1994) has produced "A
strategy for building conservation into decision making". This covers the tepic in a general way, but
includes nesther a strategy for conservalion, nor an indication of the fypes of concrete action that are
needed.
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on an ecological tima seale, gither physically by finpmentation of habitats or arlificially by confining
species in aquaculturs, then marginal populations sccur with loss of penetic diversity. Howevyer,
geographical igolation of viable populations over evolulionary lime is a polent mechanism for
speciation and increasing diversily {allopatric spaciation). Stress associated with pollution also leads
1o selection of tolerant individuals and also resulls in lass of genelic diversity. To overcome the risks
of logs el genetic diversily one neads to ensure open barriers to panetic exchange, that populaticns
remain gt opiimal levels for genetic exchange and thal 3 vanety of breeds are manined to sustain
natural genetic diversity. Preventing habitat fragmentation will help in prevesting the first of these
nigks.

Species and penetic diversity of deep saa benthic communities and microbial communities in
eeneral are larpely unknown and these comnuunities are likely to be rich sowrces of genetic diversity,
The pelagic svstem has lower spacies diversity than benthic svstems and as yet there are fow haown
threats to bicdiversity of the pelagic sysiem of the open ccean, bt atmospheric inputs of contaminamts
need careful evaluation. Coastal areas have a greater variety of habitats than the opea pcean and
coastal habitats are known 10 be highly diverse and yet the greatest threats posed are 1o these systems.
Thus, in the context of marine biodiversity conservation it is constal habitatg that should have the

highest priority.

The sugpestion that in mogt communities therz is functional redundancy, that i= a =smaller
number of species can undertake biogeochemical cycling as efficiently as with the full spccies
complernemt, has been tefuted by two recent expotitnents. It is now felt that the higher the number of
species the greater the efliciency of bicgeochemnical cycling may be the rule. However, both af these
expeniments were done In temastrial systems and there 35 an urgent need to see whether marine systenis
show similar responses.

The greatest marine biodiversity occurs in the Tndonesian archipelage and decreases radially
fromn this area. The southem hemisphere haz much higher biodiversity them the Northem hemisphere
and Antarctica has higher biodiversity than the geologicelly younger Arclic.

Coral reefs, mangrove forests and welland areas are being destroyed at alarming rates globally
and these habitats have the preatest maring biodiversity, Yet there is an equal need to protect babitats
with modarate and low biodiversiiy.

Losses of marine bisdiversity are largely the result of conflicting uses of, in particular, coastal
habitats, which lead (o depradation, fragmentation and losses of habitate. The needs of 2 burgeoning
population for housing, disposal of hunen and industrial wasle, forestry, fishenes, development of
harbours, industrial sites and tourist complexes ara combined with effects from sctivities such as
[atestry or mining up watersheds often tens, if not limdreds, of kilgmetres away to degrade and destroy
coastal habitats, It is habitat alteratior, fragmentation and destruction in the coastal zone that is the
central factor leading 10 Lloss of manne biodiversity.
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