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l. | NTRODUCTI ON

1. The present note has been prepared by the Executive Secretary to make
available to the Parties information on marine and coastal genetic resources,
i ncl udi ng bi oprospecting, in the context of the programme of work on marine
and coastal biological diversity (decision IV/5, annex, operational objective
2.2) as part of the activity "to explore ways to expand the know edge base on
which to nmake informed and appropriate decisions about how the narine and
coastal genetic resources mght be managed in accordance with the objectives
of the Convention". The note is based on available scientific literature,
both formally published and fromthe Internet, and national reports, with

i nputs fromexperts drawn fromthe roster of experts hosted in the clearing-
house nechani sm of the Convention on Biological Diversity.

2. The note is intended to conplenent the study on the relationship between
the the Convention on Biological Diversity and the United Nations Convention
on the Law of the Sea with regard to the conservation and sustai nabl e use of
genetic resources on the deep sea bed, being prepared by the Executive
Secretary in consultation with the United Nations Division for Ocean Affairs
and the Law of the Sea (UNDOALOS), in line with paragraph 12 of decision 11/10
of the Conference of the Parties.
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3. Section Il of the note presents the results of a survey of marine and
coastal genetic resources and their use. After a brief description of the
scope of nmarine and coastal biological diversity, a general account of its
geneti c-resource conmponents is provided, as well as a description of their
possi bl e uses. Section IIl of the note provides exanpl es of ongoing
activities and instrunents of various organizations related to marine and
coastal genetic resources. Section IV draws sone concl usi ons on the concept
of marine and coastal genetic resources.

I1. A SURVEY OF MARI NE AND COASTAL GENETI C RESOURCES AND THEI R
USE, | NCLUDI NG BI OPRCSPECTI NG

A. Marine and coastal biological resources

4, In the context of the Convention on Biological Diversity, "biologica
diversity" means "the variability anong living organisns fromall sources
including, inter alia, terrestrial, nmarine and other aquatic ecosystens and
t he ecol ogi cal conpl exes of which they are part". "GCenetic resources" neans
"genetic material of actual or potential value", while "genetic material"
nmeans "any nmaterial of plant, animal, mcrobial or other origin containing
functional units of heredity".

5. Thus, nmarine and coastal genetic resources can be considered as marine
pl ants, aninmals and m cro-organisnms, and parts thereof containing functiona
units of heredity that are of actual or potential val ue.

6. "Bi odi versity prospecting"” or "bioprospecting," is the exploration of
bi odi versity for commercially val uabl e genetic and bi ochenical resources. It
can be defined as the process of gathering information fromthe bi osphere on
t he nol ecul ar conposition of genetic resources for the devel opnent of new
conmer ci al products.

7. CGenetic resources can yield either snall organic nol ecul es called
secondary netabolites, gene-encoding proteins such as enzymes, or netabolic
pat hways |inking enzymatic reactions e.g. in a process known as m crobi al
fernmentation. Although there is still debate as to why organi snms produce
secondary netabolites, it is well known that these chenicals can have usefu
properties. These properties have been exploited by hunans for mllenia as
medi ci nes, pesticides, cosnetics, and nore.

8. A survey of national reports and other sources shows that in their

regul atory instruments, sone Parties have introduced provisions that cover
derivatives of genetic resources, synthetic versions of original nmaterial,

bi ocheni cal s, "intangi bl e conponents", associ ated know edge. For exanple, the
Andean Pact Conmon Regi nme on Access to Cenetic Resources, established by the
Andean Pact Decision 391 1/ defines access to include access to "derived
products" from genetic resources (article 1). Derived products include

nol ecul es, conbinations or mxtures or natural nolecul es including raw
extracts of living or dead organisns (article 1). The Philippines |egislation
defines "by-product" as any part taken from bi ol ogical or genetic resources

i ncl udi ng conpounds indirectly produced in a biochem cal process or cycle
(Appendi x A, Executive Order; section 2 (j), Inplenentation Regul ations).
"Derivatives" include extracts from bi ol ogi cal or genetic resources such as

bl ood, oils, resins, genes, spores and pollen taken fromor nodified froma

1/ The Andean Pact is a regional econonmic and political integration organization forned
in 1969 by a treaty between Bolivia, Colonbia, Ecuador, Peru, and Venezuel a



UNEP/ CBD/ COP/ 5/ | NF/ 7
Page 3

source product (section 2 (m, Inplenmentation Regulations). Since nmuch

bi oprospecting is directed towards the collection of such chenmicals, they are
considered in this docunent as derivatives of genetic resources. Derivatives
may refer also to chem cal conpounds nodified, created or synthesized from
material originally obtained from organisns.

B. Mirine and coastal biodiversity as a source of genetic resources

9. The oceans cover nore than 70 per cent of the Earth's surface and extend
to depths of nmore than 10,000 netres, but nore species are known on |and than

in the sea (Gray, 1997). Although scientists do not agree whether the nunber

of species in oceans is nore or |ess than the nunber of terrestrial species.

10. Marine biological diversity is also well known for its extraordinary
richness at the phylumlevel. O the 33 known phyla, 32 are found in the sea
- 15 exclusively so, while another 5 contain species of which nore than 95%
are nmarine. Representatives of nmobst phyla occur in the benthos (Gay, 1997).
or are associated with the bottomrather than planktonic (Angel, 1993).

11. CGenetic diversity has two conponents: 1) anobng-species/ popul ation
diversity and 2) within-species diversity. Wthin-species genetic diversity
i s higher on average in marine species than in freshwater species (because of
| arger popul ation sizes), but anbng-species genetic diversity is greater in
freshwat er speci es (because of physical restrictions on gene flow) (G ay,
1997). Grassle (1991) argues that a considerable portion of the genetic
diversity of the planet may be found anbng deep-sea organi sns and reconmends
genetic studies of hydrothermal vent fauna which are naturally tol erant of
hi gh concentrations of toxic elenents produced by the vents. High genetic
diversity is found in species of narine algae (Wod 1989, in Gay 1997).

Evi dence is growi ng for high diversity of biochem cal conpounds in the sea as
wel | .

12. Exanpl es of coastal ecosystens include coral reefs, seagrass beds,
oyster reefs, mangroves, salt narshes, and the continental shelf. However,
with the exception of a few groups such as fishes and corals, nopst species in
these systens are poorly studi ed (Bohl ke and Chaplin, 1968; Springer, 1982;
Achi tuv and Dubi nsky, 1990; National Research Council, 1995, all in Heywood
and Watson, 1995). Even coral reefs, with their highly diverse associated
flora and fauna, are still relatively poorly described and their functioning
is not well understood (Gray, 1997).

13. H gher marine species diversity is found anbng speci es of plankton and
nekton in coastal ecosystens 2/ as conpared to pel agi ¢ oceani c ecosystens.
Sone studi es show that the greatest species diversity is in the tropics,
particularly in South-East Asia and the South Pacific, the Indian Qcean, and
the Cari bbean Sea, naking the waters surroundi ng devel oping countries in the
tropics the richest marine source in the world for nolecular genetic diversity
(Norse 1993). A different pattern has been observed anpbng organi sns in soft
sedinents, with diversity increasing fromshallow areas to the deep sea
(Sanders, 1968 in Gray, 1997; Grassle and Maci ol ek 1993).

2/ The coastal oceans are considered in general ternms to include the |and margin affected
by salt water (salt nmarshes, |agoons, nangroves, estuaries to the limts of tidal influence and
penetration of salt wedges, coastal strips affected by sea-level rise, storms salt spray etc.),
the continental shelves and the continental slope. They lie largely within the Exclusive Econom c
Zones of maritime nations. Several distinct hydrographic boundaries are usually observed w thin
the costal oceans, which mark transitions between different types of benthic and pelagic
communities and act as barriers to lateral exchanges of energy and nutrients between the
terrestrial and ocean environments. (G obal Change Report No 14).
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14. The diversity of open-ocean 3/ taxa is poorly known for both higher and
| ower taxonomc |evels (Grassle and Maci ol ek, 1992).

15. The npbst conservative estimate for the total nunber of species in the
open ocean — half a nmllion —is still at |least twi ce the nunber of species
descri bed so far (May, 1992, in Gray 1997), and estinmates range up to 10
mllion species (Grassle and Maci ol eck 1992 and May, 1992; Briggs, 1994, in
Gray, 1997). In particular the significance of diversity within the m crobial
groups at the fundamental biochem cal genetic | evel nmust be enphasi zed. Recent
di scoveri es have brought to Iight unique and fundanentally different forns of
life (Fuhrnman et al. 1992; Fuhrnan and Davis, 1994, in Heywood and WAt son
1995). Yet research in this area, especially on organisns inhabiting
sedinents, is just inits infancy.

16. Di versity anobng open ocean speci es has three peaks, depending on
habitat: photic zone, benthic environments at depths of 2,000-3,000 netres
(nmostly on the continental slope), and abyssal plains (Vinogradova 1979;
Grassl e, 1991; Alongi 1992; Grassle and Maciol ek, 1992; Angel, 1993; Poore and
Wl son, 1993; Bray et al. 1994, in Heywood and Watson, 1995). The deep

bent hos harbours a nuch hi gher |evel of species diversity (Grassle and
Maci ol ek 1992) and a hi gher proportion of |ocal or regional endem c species.

17. Sone studi es support the view that these environments exhibit a

| atitude-driven (pole-to-tropic) gradient in the species diversity (Kendal
and Aschan, 1993). On the other hand, it has been denonstrated that seaweed
(rmacroal gal) diversity is higher in tenperate |latitudes than in the tropics,
and | owest at high latitudes (Silva, 1992, in Gray 1997). In addition, the
pole-to-tropic gradient in the southern hem sphere is far | ess pronounced
since the waters around the Antarctic have high diversities for nany taxa
(Carke, 1992, in Gay 1997). It seens probable that a cline of increasing
diversity exists fromthe Arctic to the tropics, but the cline fromthe
Antarctic to the tropics is far less well established, if it occurs at al
(Gray, 1997).

18. Exanpl es of open-ocean benthic ecosystens are hydrothernal vent
conmmunities and col d seeps comunities. These comunities support bacteri al
"mat s" engaged in autotrophic prinary production, as well as a limted nunber
of heterotrophic species including zoopl ankton such as crustaceans and s

i phonophores, grazers such as shrinps, and filter feeders such as nussels and
tube worns (Jannasch et al., 1995).

19. For a long tine the bottomof the deep ocean, which is aphotic and hence
devoi d of photosynthetic activity, has been |likened to a desert in terns of
species diversity. Wth no source of energy and carbon other than detritus
from above, the ocean floor as an ecosystem produces no primary production
from phot osynt hesis (Norse 1993). However, chem osynthesis is comon.

Hydrot hermal vents are mneral-rich regions in the ocean floor defined by the
borders between tectonic plates. These vents are present at depths of 1800 to
3700 neters and are characterized by the ejection of superheated water that is
saturated with mnerals fromunderlying magnma. These mnerals include hydrogen
sul fide, an energy source. An unusual hydrothermal vent community has evol ved
to exploit this energy source, and depends upon specialized chenolithotrophic

3/ Open ocean systens include all environnents on Earth minus the | andnasses and the
continental shelf benthos. Biones within the open oceans are defined by the intersection of four
factors: energy source for primary productivity, physical structure, depth/light attenuation and
latitude (UNEP, 1995).
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bacteria and bacteria-like organi sns of the ki ngdom Archaea for primary
production. Archaea represent an extrenely old kingdomof |ife, probably
descending formthe original cells to evolve on Earth (Wese et al. 1990).
Wbese and col | eagues adopt a three-part taxonomy, consisting of Archaea,
Eubacteria (bacteria), and Eukarya. Ohers suggest that this classification

i s unacceptable being primarily based on a very detail ed gene sequence

anal ysis, while organi sns should be classified on the basis of their entire

bi ol ogy (Margulis, 1998). According to this view, Archaea and bacteria should
be considered to belong to the sane ki ngdom

20. The only other known exception to the rarefaction of benthic

bi odi versity is the as yet poorly characterized communities existing in deep-
ocean sedi ments associated with petrol eum seeps (Rueter et al. 1994).

Research expeditions drilling to 5,000 netres have di scovered the presence of
chenol it hotrophic mcro-organi sns, apparently living off the carbon and energy
sources provided by the petroleum These mcrobes living within deep-ocean
sedi nents may prove to be cosnopolitan, though further research is needed.

O her organisns are found in these areas, such as tube wornms, nussels, snails,
eel s, crabs, and fish

21. To conclude, although a considerable part of biological and genetic
diversity is found in nmarine and coastal areas, our know edge in this field is
still relatively poor, conpared to the know edge of terrestrial biological and

genetic diversity. What is clear is that marine and coastal biological and
genetic diversity represent val uable sources of genetic resources. The val ue
of marine and coastal genetic resources is both environnental, since high
genetic diversity is the key to adaptation to environmental change, and
conmercial, since these resources can be and already are the subject of

bi oprospecti ng and of biotechnol ogi cal applications.

C. Actual and potential value of biodiversity in
the mari ne and coastal environnment

22.___ _No comnprehensi ve eval uation of marine genetic resources has been nmade to
date. Fish stocks exploited by commercial and subsi stence fisheries and
unharvest ed popul ations of their relatives can all be considered as fish
genetic resources, as long as they have sone value. The many diverse aquatic
organi sns that conprise aquatic food-webs and that contribute to maintaining
the structure of the ecosystemto which they belong can al so be considered as
genetic resources.

23. Much work has been done on the genetics of species used in aquaculture
including: clans; Manila clam oysters; peneid shrinps; sal nonids (Lundin,
and Zilinskas, 1995); and the orange roughy. Still, nuch of the world' s

aquatic fauna has yet to be evaluated for aquaculture potential, and nost
farmed fish have not yet been donesticated and are genetically close to wild
types. Hence a wide diversity of farned-devel oped (donesticated) fish breeds
and broodstocks, as exists for crops and |ivestocks, has yet to be devel oped
for aquatic species.

24, Cenetic aspects of aquaculture have been reviewed, and it was concl uded
that current practices lead to reductions in genetic diversity, and

mai nt enance of nmany breeds and neta-popul ati ons of marine species is needed
(Gray, 1997). Yet the dependence of aquaculture on wild populations for
broodst ock or seed, and therefore its dependence on natural aquatic genetic
resources, underlines the need for active participation of aquaculturists in
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t he devel opnent and eval uation of policies for the use and conservation of
aquatic genetic resources (Wang, 1999). Genetic manipulation in aquaculture
is al so expandi ng rapidly and adequat e saf eguards agai nst undesired or
unantici pated effects on natural popul ations need to be devel oped.

25. Fi sheri es and aquacul ture can have adverse effects upon fish genetic
resources. Fisheries usually overexploit stocks, and sone danmage habitats

t hrough destructive fishing nmethods. Aquaculture can have | arge inpacts on
adj acent habitats, as it often requires |arge anounts of water, produces
potentially undesirable effluents, spreads diseases, and |eads to the
destruction or fragnentation of habitats (e.g. mangroves). The rel ease of

hat chery stocks may have ecol ogical and genetic inplications for wild genetic
resources. The genetic inpacts of |large-scale releases are likely to be
negative when there are genetic differences between the hatchery stock and the
wi | d population. The nmmjor potential genetic problens w th enhancenent
programes are the reductions of within and between stock genetic diversity
and the displacenent or replacenment of wild stocks by released fish. In
addition to the purposeful releases of fish to enhance fisheries (stock
enhancenent), farned fish often escape fromaquaculture facilities. Possible
envi ronnent al consequences are the depletion or loss of wild fish stocks (e.g.
by depredation, conpetition for food or territory or diseases), changes in
natural aquatic habitats, and genetic change by interbreeding.

26. O her coastal nmarine organi sns used for genetic resources research and
devel opnent 4/ are sessile and/or soft-bodied invertebrates such as

coel enterates (corals), tunicates, soft-bodied nolluscs such as sea hares and
nudi branchs, bryozoans, sponges, and echi noderns (sea urchins, sea cucunbers
and starfish). These organi sns often enploy chem cal defenses and ot her
survival strategies due to the highly selective pressure of predation in
coastal ecosystens, the highly dynam ¢ physical features of these
environnents, and other factors. Genes found in narine organi sns may be
transferred to non-narine organi sns to produce enhanced food; sone marine
subst ances may have inportant uses for the treatnent of human di seases, as in
the case of the conmpound nonoalide, froma Pacific sponge, which has been
tested as anti-inflammtory. Although known for their prom nence in open
ocean benthic areas, hydrothernmal vent conmuniti es have been discovered al so
in cold water at shall ow depths of 100 to 500 netres (DeLong 1992). The

nm cro-organi sns associated with these communities also yield interesting new
chemi cals that might be used in biotechnol ogi cal applications, as techni ques
are devel oped for culturing them (see bel ow).

27. I n open-ocean systens, the deep sea and sea bed host a variety of

organi sns of actual or potential value as genetic resources, especially in
light of the extrene environnents in which they live. Commercial fisheries
increasingly exploit deep sea fish and crustaceans, although little is known
about these creatures and the inpacts of hunman activities on their genetic

| egaci es (Broad, 1997). Nurmer ous creatures that inhabit the deep sea, such
as fish and squids, as well as many of the shallow water taxa conmon in rocky
shores and coral reefs, such as sponges, sea anenpbnes, sea fans, |obsters, sea
spiders and nore, are all represented in the deep-sea environment.

4/ Scientific research often constitutes the first step in the process that |leads to the
di scovery of organisns that eventually prove to have commercial applications and therefore becone
t he obj ect of bioprospecting. New technol ogies both to utilize and to docunent genetic resources
have devel oped quickly over the last ten years. Cenetic resources can now be described by a
variety of extrenely sensitive nmethods including nuclear and mtochondrial DNA anal ysis through
sequencing, mni- and mcrosatellites, DNA fingerprinting, and restriction fragnent |ength
pol ynor phi sns, and i sozynes anal ysis which is conparatively easy and inexpensive and has a wealth
of conparable data for many aquatic species
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28. M cro- and nacro-organi sns associated with hydrothermal vent conmunities
constitute the focus of marine research and bi oprospecting. These conmmunities
consi st of giant tube worns, pencil-size Jericho worns with accordion-1ike
tubes; orange worns covered with tiny bristles; small benthic worns that
wriggle through the nmud; and finger-length, dark red pal mworns that stand
upright, topped with wig-like fronds. A special class of snmall worns
(alvinellids) lives on the walls of mneral deposits that form around vents.
Mussel s, shrinp, clanms, and crabs are abundant at nany vents, but these do not
bel ong to the sanme species as those found in coastal systens (Stover
http://seaw fs. gsfc. nasa. gov/ OCEAN PLANET/ HTM./ ps_vents. htnl).

29. The source of energy for these deep-sea communities is terrestria

rat her than solar (Jannash, 1988). It consists of the inorganic naterials
contained in the vent fluids and gases. In particular, hydrogen sul phide, a
chemical that is toxic to nost forns of life, is converted into organic natter
that the animals can consurme with the hel p of sul phide-oxidizing bacteria that
live either in symbiosis with the vent animals or in the environment
surrounding them The discovery of this bacterial comunity has opened
opportunities for basic research on these chenosynthetic organi sns,
characterized by a nolecular structure allowing themto live in water
exceedi ng 100°C and at extrenely high pressure (hyperthernophilic bacteria).

30. Marine invertebrates, usually sessile and/ or soft-bodied, have intrigued
mari ne natural product chenists for decades, and have been screened by
scientists according to a so-called "bio-rational" approach. The argunent is
that, due to their vul nerable body plans or the extrene environnental
conditions in which they often live, these invertebrates nust have evol ved

ef fective chenical defences as a survival strategy (Scheuer, 1990). In fact,
sonme products deriving fromnarine and coastal organi sns, such as toxins and
enzynes, are noteworthy for exhibiting highly conplex chem cal structures and
for show ng peculiar properties that can have applications in various areas.

31. Wil e the potential nolecular diversity anmong nmari ne nacro-organi sns is
hi gh, the potential nolecular diversity anbng m cro-organi sns, both
terrestrial and marine, is probably higher still, perhaps by orders of

magni t ude (Pal eroni ,1994). Many m cro-organi sns, including dinoflagellates,
can be cultured directly fromthe water columm. Recent work on culturing

m cro-organi sns i solated fromthe water columm, marine sedinents including oi
seeps, such as those observed in the deep ocean, or from marine ani nal hosts,
has yielded a promsing array of new chenmicals (Fenical, 1993).

32. As the technology for culturing marine mcro-organi sns develops, it is
likely that interesting organisns will be discovered in a wide range of marine
hosts. Thus, conventional predictions about which marine species will yield
econom cal ly valuable chemicals may be invalid. If it is true that nost if not
all marine species provide critical mcrohabitats for nicro-organi sns
produci ng potentially val uabl e conpounds, this would inply a high biodiversity
value for all narine organi sns, conpoundi ng the value of highly diverse
ecosystens such as coral reefs. It is estimated that |ess than 1 per cent of
potentially useful chem cal-producing organi sns have been screened to date.

D. Specific exanples of the value of marine and coasta
bi ol ogi cal diversity

33. The areas of application of marine genetic resources can be several and
varied and often coincide with the nain areas of application of marine



UNEP/ CBD/ COP/ 5/ | NF/ 7
Page 8

bi ot echnol ogy, such as seafood-supply enhancenent; conmercial and industrial
applications of marine substances and processes (includi ng pharnmaceuticals and
bi onmedi cal applications) and environnental nonitoring and control and

bi oremedi ati on.

34. Efforts have been nade to exploit the tremendous phyletic diversity of
mari ne biodiversity in order to identify useful conpounds for comerci al

expl oitation. Recently major pharnaceutical and agrochem cal conpanies, that
traditionally have exploited the nore defined terrestrial systens, have turned
their attention towards the need to study the trenendous potential provided by
the | ess defined mari ne environnent. They have been brought to the
realization of the inportance of these resources as the result of nove

di scoveri es that have major econonic potential. As a result, several new
joint industry-university cooperative ventures are being initiated.

35. In the next decade several products from marine organisns now in pre-
clinical devel opnment will be marketed and a host of new bi oactive conpounds
will enter preclinical phases. Several anti-tunpur conpounds prom se to be
powerful agents for future cancer therapy. In addition, anti-inflammtory
products from sponges and other nmarine organisnms may well be routinely used to
fight arthritis, asthma, and other inflanmatory di seases. Antibiotics

i sol ated from sponges, sea whips and other marine organisns nay well be
marketed for the treatnment of infections in nman and farmaninals within a few
years.

36. Furthernmore, within the next several years, genetically engineered

m cro- and nacro-algae will be devel oped that can be used either for the
production of specialty chemicals such as vitam ns, ami noacids, agar, or for

t he production of methane, alcohol, oil and other high-energy products.
Readers will find a nore detailed treatnent of the subject in Lundin, C. G and
Zilinskas, R A 1995.

37. Specific exanpl es of the application of marine and coastal genetic
resources and their derivatives, including bioprospecting, are provided in the
foll owi ng paragraphs:

(a) Ant i neopl astic agents

38. A class of nolecules, isolated froma Caribbean tunicate, Tridi demum
solidum shows a variety of antiviral and antineoplastic properties, depending
upon the type of side chain. It should be noted that one of these conpounds

has entered clinical trials and has showed a nunber of side-effects (Rinehart
et al., 1981).

39. Bryostatins are a class of macrolides fromthe Pacific bryozan Brugul a
nertina, that appears to be very pronising anti-tunmour agents (Lundin and
Zilinskas, 1995). Oher types of bryostatins have been isolated fromthe
mari ne ascidian, Aplidiumcaliforni cum (Lundin and Zilinskas, 1995). None
have beconme commercialized yet.

(b) Antibiotics

40. Marine mcro-organi sms and a wide variety of other marine organisns are
rich sources of conpounds with anti-mcrobial activity (Lundin, C. G and
Zilinskas, R A 1995). It is believed that the chem cal defense mechani sms

(whi ch include the production of organic antibiotic conpounds) of sea whips
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(stationary organisns that proliferate in an environnent dom nated by a nunber
of potential predators) help to sone degree protect them One species,

Pt er ogor gi a guadal upensi s, has a conpound that has proven very effective

agai nst both St aphyl ococcus and Mycobacterium strains. Sponges have
antibiotics that inhibit the growh of a variety of microbes. For exanple,
Ircina variabilis produces and antibiotic referred to as varibilin, which is
very active agai nst species of Staphylococcus (Lundin and Zilinskas, 1995).
The sponge Acanthella, produces a variety of antibiotics collectively referred
to as kalihinols (Lundin and Zilinskas, 1995).

41. Many organi sns that produce anti-m crobial conpounds al so produce cyclic
conpounds with potential anti-inflammtory activity. 1In fact severa

conpounds i sol ated from sponges have both anti-mcrobial and anti-inflammatory
activities. For exanple, the Pacific sponge, Luffariella variabilis, produces
an antibiotic called nmanoalide that is active against both Streptonyces and

St aphyl ococcus.

(c) Specialty chenicals

42, In addition to uni que conpounds that are useful for bionedical purposes,
mari ne organi sns harbor nunerous ot her conpounds useful for a variety of other
conmer ci al applications, such as: am noacids, lipids, vitamns, fats, waxes,

sugars, polysaccharides, pignents, and other conpounds. An exanple of
economi cal ly inportant conpounds is provided by chitin. This is one of the
nost abundant polyners in the world constituting the shells of crabs,

| obsters, shrinps, krills, and other nmarine organisns that are routinely
harvested in large quantities. It is used for a large variety of industrial
applications including for exanpl e adhesi ves, chel ati ng agents, paper and
textile additives, structural nmatrices, etc. (Lundin and Zlinskas, 1995).

The use of chitin in pronoting wound-healing and for other bionedical uses are
potentially even nmore inpressive. |In addition Hardiger and his coll eagues
(1984) (Lundin and Zilinskas, 1995) have shown that chitosan can protect crops
agai nst some pat hogeni ¢ fungi

(d) Mari ne pol ysacchari des

43. There are three inportant conmercially significant al gal polysaccharides
that are useful specialty chemcals (Lundin and Zilinskas, 1995). These are
agar, carrageenan and alginate. The first two are produced fromred al gae
while the last is generated from brown seaweeds. These three polyners have a
conbi ned annual market value that ranges well in the hundreds of mllions of
United States dollars. The highest-quality agar cones from Gelidi um speci es
found al ong the coasts of mainly Spain, Portugal, Mexico and Japan. As a
result of harvesting pressure and its slow growh rate, this inportant agar-
produci ng species is in danger of being depleted. Cheney and his coll eagues
are using sonatic cell hybridization to produce new, culturable strains of

hi gh-qual ity agar-produci ng seaweeds. They are hybridi zi ng speci es of a fast
growi ng algae, like Gracilaria, with high-quality agar-produci ng speci es of
CGelidiumto produce a fast growi ng seaweed that can be cultured and will
produce high-quality agar.

(d) Vitam ns and car ot enoi ds

44, Several commonly cultured nmarine al gae are excell ent sources of
vitam ns, especially vitam ns B12, Bl, C, biotin, riboflavin, nicotinic acid,
and pat hot henate. However, of the 22,000 to 26,000 known al gal species, only
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about 60 have been surveyed for vitanm n content or any other potentially
useful specialty chemicals or bioactive netabolites. This is a significant
unt apped resource of biological diversity that nerits extensive research

(e) Mari ne adhesi ves

45, Many marine nussels and other invertebrates secrete a type of glue that
all ows themto adhere to rocks and other materials in the presence of water
Waite and his collaborators at the University of Delaware, in the United
States of America have isolated one of these glues and deternmined its
structure. The type of product that may result fromthese studies could be
used for, inter alia, underwater cenment materials, marine plywods, marine
pai nts, dental cenments, surgical applications, repair of broken bones.

Pol ysacchari de mari ne gl ues have al so been identified in a variety of marine
bacteri a.

(f) Marine micro-organi snms and enzynes

46. Hypert hernophilic bacteria are being studied in order to understand
their characteristics and in terns of the possibility to mani pulating themfor
conmer ci al purposes and isolating conmercially inportant heat-resistant
enzynes. Their ability to withstand very high tenperatures would greatly
enhance chemcal reaction rates and, at the sane tine, reduce contanmi nation by
nore tenperature sensitive organi sns. Research in this field is just at the
begi nning, but the prelimnary results are very prom sing. For exanple, the
ability of one of the nmjor microbial species to use carbon dioxide (CQ) and
hydrogen sulfide (HS) as energy sources for chenpsynthesis nmeans that it nay
be useful for converting harnful industrial HS into |l ess volatile sulfates.

QO her bacteria produce HS and therefore represent potentially usefu

organi sns for desul furization of coals. Oher hyperthernophiles are

met hanogens that may nore efficiently facilitate bi onass conversion into

nmet hane than other | owtenperature bacteria.

47. To concl ude, bioprospecting offers an opportunity to derive incone from
the process of natural products research and devel opment, creating econonic

i ncentives for biodiversity conservation. This process involves extracting
economi cal ly valuable information (in the formof chem cal structures, gene
sequences, information on biological activity such as catal ytic properties, or
fernmentation processes in the case of mcrobial isolates) fromnaturally
occurring genetic resources. The use of naturally occurring genes by

bi ot echnol ogy i ndustries has the potential to offer nunerous benefits to al
countri es.

I'11. EXAVMPLES OF ORGAN ZATI ONS AND | NSTRUMENTS ADDRESSI NG
MARI NE AND COASTAL CENETI C RESOURCES

48. Cenetic resources are vital to ensure the continued evol ution of species
in response to changi ng environnents and to both human-derived and natura
stresses. Their inportance has generated significant responses through the

est abl i shnent of conservati on and use progranmmes, to ensure that they will be
available in the years ahead. The centres of the Consultative Goup on
International Agricultural Research (CA AR) have to a limted extent started
assenbling collections of a few species of fin-fish, crustaceans, nollusks and
other invertebrates. They are al so working with the Food and Agricultura
Organi zation of the United Nations (FAO on the conservation of cultured fish
genetic resources.
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49, The main work of the International Center for Living Aquatic Resources
Managenment (I CLARM on genetic resources in the marine environment is carried
out at its Coastal Aquaculture Center (CAC) in the Sol onon Islands. The

organi sns involved are giant clanms, pearl oysters and sea cucunbers
characteristic of the coral reefs flats, slopes and shelves and | agoons that
conprise coral -reef resource systens. The principal objectives of the CAC are
t he devel opnent of sustainable, small-scale, farning systens and fisheries
enhancenent systens for coastal villagers living adjacent to coral reefs. The
CAC does not currently undertake any ex situ genetic resources conservation
wor k, al though cryopreservation techniques for spermand |arvae are fairly
wel | established for sonme bivalve nolluscs and m ght be contenplated in the
future in connection with specific nediumtermprojects. Live, wild caught

br oodst ock of sea cucunbers are held in tanks on a transient basis, used for
spawni ng and then replaced on the reefs. |In the case of giant clanms and pearl
oysters, the CAC naintains in situ broodstock in fully controlled marine
protected areas. The species involved are the giant clans Tridacna crocea, T.
derasa, T. gigas, T. maxima, and T. squanbsa and Hi ppopus hi ppopus; and the
pear|l oysters, Pynctada nmargaritifera and P. maxi ma. The | arger species of the
clams, T. derasa and T. gigas and H__hi ppopus are threatened species, having
been extinguished in many parts of their ranges, whereas all of the other
speci es have been seriously reduced in abundance by overexploitation in nany
areas of the tropical Indo-Pacific.

50. Wth regard to fishery genetic resources, the goals and activities of
FAO concentrate on four nain areas: (i) docunentation and characterization of
genetic diversity; (ii) identification of threats and opportunities; (iii)
identification and eval uati on of new technol ogi es; and (iv) assessnent of
trends, e.g., in resource status, devel opnent, denography, etc. Docunentation
and characterization are the vital first steps in the conservation and
sust ai nabl e use of genetic diversity. Know edge of the genetic resources base
available to fish farnmers in the formof genetically diverse popul ations or
genetically inproved breeds will help to optim ze production, to nmanage
broodstock nore effectively, and to eval uate sel ection prograns. Fishery
managers will need to know the genetic stock structure of wild populations to
stock-specific harvest quotas in order to mininize risk of species transfers,
choose appropriate stock for fisheries enhancenent, and identify and nanage
species or "evolutionarily significant units" that nay be at risk of
extinction.

51. An I nternational Conference on the thene "Towards Policies for
Conservation and Sustai nabl e Use of Aquatic Genetic Resources" was organized
by the ICLARMin association with the Inland Water Resources and Aquacul ture
Service and t he Sustai nabl e Devel opnent Departnent of FAO at the Bellagio
Conference and Study Center of the Rockefeller Foundation, Italy, in 1998
(Pullin et al., 1999). The conference concentrated on the present status of
and likely requirenments for policies for the conservation and sustai nabl e use
of aquatic genetic resources. 5/

52. Anot her exanpl e of international workshop in the field is the
i nternational workshop on fish genetic conservation with the theme "Action
Bef ore Extinction", organized by the Wrld Fisheries Trust in 1998. During

5/ A summary of the actions suggested by the Bellagio Conference to sharpen the focus of
the Convention on Bioloigcal Diversity in this sector, alongside the identified areas of concern,
where there is a need to clarify the conceptual, social, scientific and political bases for
taking action and for new initiatives with respect to aquatic genetic resources can be found at
http://ww.fao.org/fi/newsl et/fannews/ news¥%Fit.asp.
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this workshop various papers were presented to give an overview of fish
genetic conservation issues, as well as to describe genetic conservation
programes of greater or |esser nmagnitude in a nunber of countries (Harvey et
al., Action Before Extinction, 1998, see

http://ww. worl dfish. org/ abe_vi ewpr oceedi ngs. ht n)

53. Mari ne and coastal genetic resources are mainly to be found in situ, as
wi | d populations in seas, rivers, |akes, reservoirs and associ ated wetl| ands.
Large ex situ gene banks, equivalent to crop seed banks are | ess feasible for
fish because of the high costs of keeping live collections and because for
nost fish only spernmatozoa (not eggs and enbryos) are anenable to
cryopreservation. However limted collections of fish gernmplasmare held in
publicly funded institutions and by the private sector

54, In sone cases, gene-banking is a solution for nmmintaining genetic
variability. Gene-banking can be considered as a tool for collecting and
managi ng genetic material, not only for conveni ence but al so because, in nany
cases, wld broodstock are beconmng nore difficult to find. Collections of
fish genetic resources for breeding programes are of increasing interest to
private corporations. An exanpl e of a gene bank is the Internationa

Fi sheri es Gene Bank (I FGB), a programe of the Canadi an non-gover nnent al
organi zation World Fisheries Trust, dedicated to the preservation of wld
stocks. The I FGB provides training programmes in the theory and practice of
genetic conservation, including cryopreservation techniques that are field-
oriented, inexpensive and require little equipnent, and assist governnments and
agenci es to develop policies for the collection and exchange of fish genetic
material. The IFGB was fornmed in 1992 and currently hol ds over 3,000

accessi ons of sal nonid gernplasm from si x species and 29 stocks, representing
both wild popul ations and privately held broodstocks.

55. A growi ng range of techniques is now also available for culturing
synbiotic mcro-organi sns such as bacteria and cyanobacteria, and al gae from
the tissues of fish and other nacro-organisns. Culture collections are vita
for the mai ntenance of macro- and mcro-organisnms. A genetic resource
collection is a repository of sanmples of living material of aninmals, plants
fungi or micro-organisns, generally in a dormant or other phase in which they
are not actively grow ng, which have been assenbled for use in breeding or

ot her purposes. Especially in the case of mcro-organi sns, because of the
difficulties of making fresh isolations fromnature, genetic resource
collections are also the only effective way by which we can have access to

m cro-organi sns or i ndeed determine their very existence.

56. Several institutions are currently carrying out projects ained at
collecting marine organisns, in order to gather further information on these
organi sns and to screen themfor useful conpounds that might be used for
conmerci al applications. Sone exanples, intended to be purely illustrative of
this kind of research and devel opnent in the field of nmarine genetic resource,
are provi ded bel ow.

57. The Australian Institute of Marine Science (AIMS) is involved with

nati onal and international partners to seek public benefit fromAustralia’s
mari ne bi odi versity. Through a project on marine bioproducts, biota froma

wi de range of marine environments have been coll ected and screened for useful
conpounds, sone of which have been advanced to the first stages of
conmercialization. During the first stages of the project, the existing

dat abase of 10,000 macro-organi sms was expanded by isolation of 6,000 mcro-
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organi sns creating a unique and very val uabl e inventory of biodiversity that
will provide feedstock for many years of analysis. The search for novel

bi ochemicals is conpl emented by research on organismal responses to
environnental stress. Marine organi sns produce chemnical signals, venons, anti-
fouling agents, and bi ochem cal neans of protection from harnful environments.
Under st andi ng how t hese agents work has w de potential for comercial and

bi omedi cal applications (http://ww. ai ns. gov. au/ pages/ research/trp/ pages/trp2-

48. htnl).

58. The Marine Science and Technol ogy (MAST I11) Programre of the European
Conmi ssion also has turned its attention to the large variability of the

mari ne environnent as well as the enormous anobunt of mnicro-organi sns per

vol ume of seawater, as additional multiplicators of biological diversity. It
is recogni zed that although the phyl ogenetic and netabolic diversity of marine
m cro-organi sns i s probably the greatest anong all forms of life, due to

nmet hodol ogi cal probl ens, bacterial diversity and the biotechnol ogica

expl oitation of bacterial genes in the oceans remain |argely unknown.

59. The overall objective of the research project is the devel opnment and
application of a new nol ecular strategy to turn the hidden biodiversity of
mari ne bacteria into novel biotechnol ogical products. This strategy is based
on an integrated nol ecul ar approach using gene cloning and expression of

mari ne bacterial genes, estinmation of the organisnmal structure of the gene
carrying bacterial comunities in situ, and nol ecul ar characterization of
bacterial isolates. The final objectives, which will be achieved with the
nol ecul ar anal ysis of marine genes and bacteria in conbination with

m cr obi ol ogi cal and bi ot echnol ogi cal studies, include the production of
strains for comercial products, such as a variety of novel psychrophilic and
mesophili c enzynes; and the devel opment of an intelligent strategy for the
assessnment of mcrobial diversity in any natural environnent and its

bi ot echnol ogi cal potential, i.e. how and where to | ook, with what nol ecul ar
approaches, for which products (http://ww. gbf.de/ margenes/ Margenes. htnl).

60. Mari ne biotechnol ogy research initiatives are also carried out within
university research progranmes. For exanple, the University of Del aware Sea
Grant focuses on exploring, devel oping, and using the adaptational prowess of
mari ne organi sns. One of the Sea Grant projects is conbining the exploration
of the diversity, ecology, and evolutionary history of the nicro-organisns
that thrive at deep-sea hydrothermal vents. Mbdlecular nmethods are being
coupled with microel ectrode technol ogy to exam ne submllinmetre-scale
variation in concentrations of oxygen, manganese, iodine, iron, and hydrogen
sul fide, all of which are thought to deternmine the distribution of nicrobes
living in hydrothernmal vent comunities. These microbes are considered to be
of great interest to industries that need enzynes able to wi thstand hi gh
tenperatures and pressures. The aimof the project is to isolate the enzynes
fromsel ected sanples and screen them for potential applications in

bi ot echnol ogy

(http://ww. ocean. udel . edu/ seagrant/ Resear ch/ mari nebi ot ech. htm ).

61. Janst ec (Japan Marine Science and Technol ogy Center) is currently
perform ng observati onal research on deep-sea organisns. In 1997, it
perfornmed the follow ng research on deep-sea organi sns: structure and biota
anal ysis of the communities and exam nation of the dispersal process of
chenmosynt hetic communities; studies of the relationship between environnental
factors and ecotypes; search for val uabl e resources

(http://ww. | anst ec. go. | p).
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62. In ternms of instrunents providi ng guidance on research, nmanagenent and
use of these resources, in the context of the above described activities,
technical reports and studi es have been produced. As far as internationa

| egal regines governing the use of these resources, they seemto be subject to
t he provisions of the Convention on Biological Diversity and the United
Nat i ons Convention on the Law of the Sea, and custonary international |aw.
These aspects are, as stated above, being addressed in the context of the
study on the relationship between the two conventions, which is called for in
decision |1/10.

I'V. CONCLUSI ONS

63. Al t hough a considerable part of biological and genetic diversity is
found in nmarine and coastal areas, our knowl edge in this field is stil
relatively poor, especially if conpared to the know edge of terrestria

bi ol ogi cal and genetic diversity. What is clear is that marine and coasta
bi ol ogi cal and genetic diversity represents a val uabl e source of genetic
resour ces.

64. No conprehensive eval uation exists of marine genetic resources screened
to date, but wild fish stocks as well as domesticated stocks used for the

pur pose of aquaculture are considered as genetic resources. O her organisms
that constitute genetic resources include invertebrates, nmacro- and mcro-
organi sns, especially in light of their chem cal structures and peculiar
properties, which can have applications in different areas. The fast pace of
devel opnent of marine biotechnology is likely to facilitate the di scovery of a
wi de range of new nol ecul es and functions of marine and coastal biodiversity.
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